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Introduction
This email thread discusses the general part and CRS interference handling in Rel-17 further demodulation performance enhancement WI in agenda 9.12.1 and 9.12.2.3.
List of candidate target of email discussion for 1st round and 2nd round:
· 1st round: Invite companies to provide comments on the updated WP/TP in section 1.3, open issues and TPs/LS in section 2.3. 
· 2nd round: TBA

Topic #1: General
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2112223
	China Telecom
	Updated work plan for Further enhancement on NR demodulation performance WI.

	R4-2112225
	China Telecom
	TP to TR 38.833: Skeleton for the section on LTE CRS interference handling

	R4-2112224
	China Telecom
	Draft TR 38.833 v0.1.0: Further enhancement on NR demodulation performance
Not available. For email approval after the meeting.


Open issues summary
N.A.
Comments collection for WP/TP
	WP/TP number
	Comment collection

	R4-2112223, CTC, Updated work plan 
	

	
	

	
	

	R4-2112225, CTC, TP to TR 38.833: Skeleton for the section on LTE CRS interference handling
	

	
	

	
	

	
	


Summary for 1st round 
	WP/TP number
	WP/TP Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round


Topic #2: Evaluation on CRS interference in scenarios with overlapping spectrum for LTE and NR
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2112107
	Apple
	TDD in 15KHz
Observation #1: Without network assistance in TDD, UE needs to decode SIB from LTE neighbor to determine LTE TDD config, in addition to MIB decoding. 
Proposal #1: Do not consider case of TDD 15KHz for CRS-IM without network assistance. 
Proposal #2: In case CRS interference handling needs to be considered for TDD 15KHz, introduce requirements with CRS rate matching on LTE DL slots for NR DL slots. 
Proposal #3: In case TDD 30KHz scenario is considered for CRS interference handling, consider CRS rate matching on LTE DL slots for NR DL slots. 
 
CRS-IM for PDCCH
Observation #2: In DSS PDCCH shouldn’t be affected by CRS interference. In non-DSS, PDCCH should be robust to CRS interference. 
Proposal #4: Do not consider CRS-IM for PDCCH. 

Network Assistance for CRS-IC
Observation #3: There is no benchmark in RAN4 to evaluate UE processing time or UE complexity
Observation #4: For CRS-IC without network assistance performance degradation of 1-2dB is observed compared to with network assistance. 
Proposal #5: Introduce network assistance on neighbor cell LTE config to enable CRS-IC in NR. 
Proposal #6: Include the following configuration parameters on LTE neighbor cell for network assistance for CRS-IC:
· Neighbor Cell-ID
· LTE carrier frequency
· LTE channel BW
· Number of CRS ports 
· LTE MBSFN subframe configuration

Simulation Results
Observation #5: For DSS symbol level rate matching shows slight performance degradation compared to reference due to high code rate. 
Observation #6: For DSS case with network assistance performance is better than no network assistance in all cases. 
Observation #7: For DSS case better gains are observed for MCS13 with CRS-IC where SNR levels are higher and comparable to INR.
Proposal #7: For non-DSS case use SNR @ max TP for each scheme for SNR gain and relative TP increase to compare performance.  
Observation #8: For non-DSS CRS-IC with no network assistance performs worse than reference in some cases.
Observation #9: For non-DSS rate matching for strong interferer cell gives better performance than CRS-IC with no network assistance performs worse than reference in some cases.
Observation #10: For non-DSS case with network assistance performance is better than no network assistance in all cases. 
Observation #11: For non-DSS case better gains are observed for MCS13 with CRS-IC where SNR levels are higher and comparable to INR.

	R4-2112108
	Apple
	Simulation results for CRS interference mitigation in NR

	R4-2112152
	China Telecom
	Simulation results for CRS interference handling

	R4-2112211
	CMCC
	Proposal 1: Further evaluate CRS-IM performance under FDD async network assumption.
Proposal 2: For TDD 15kHz scenario, define 10MHz and/or 20MHz bandwidth test case(s).
Proposal 3: Suggest to consider covering 30kHz SCS and 40MHz CBW for NR TDD.
Proposal 4: Define neighboring cell LTE CRS-IM requirement for PDCCH in Scenario 2.
Proposal 5: Do not consider network assistant information.

	R4-2112226
	China Telecom
	Observation 1: According to the definition in TS 36.213, LTE CQI is computed based on CRS for TM 1-8 and certain configuration of TM9.
Observation 2: For LTE CQI measured based on CRS, the difference of SINR observed at CRS RE and data RE, i.e., difference between CQI SINR and PDSCH SINR, is as high as 5.86 dB and 11.75 dB for one interference cell CRS-RM and two interference cell CRS-RM respectively, which will lead to severe negative impact to LTE DL operation.
Observation 3: Obvious impact on LTE RI and PMI reporting due to interference cell CRS-RM can also be expected.
Observation 4: According to the definition in TS 36.214, LTE RSSI is measured only from OFDM symbols containing CRS port 0 of measurement subframes unless indicated otherwise by higher layers, and it can be measured from all OFDM symbols of the DL part of measurement/indicated subframes if indicated by higher layers.
Observation 5: With interference cell CRS-RM configured, the received power measured in the OFDM symbols containing CRS will be obviously lower than that in the OFDM symbols not containing CRS, which will obviously impact the LTE RSSI and RSRQ measurement accuracy.
Proposal 1: Considering the significant negative impact on LTE CQI/PMI/RI and RSSI/RSRQ reporting, not consider to configure interference cell CRS-RM for the purpose of reducing the interference from neighboring cell LTE CRS.
The following observation and proposal are given w.r.t. performance measurement for Scenario 2:
Observation 6: For Scenario 2, with different symbol lengths and TBSs for the schemes with and without CRS-RM, it is not suitable to compare the SNR at 70% of their respective max TPs for different schemes.
Proposal 2: For the performance measurement for Scenario 2:
•	For SNR improvement, compare the SNR of different schemes at 70% of the max TP with CRS-RM, i.e., L = 9 or 11.
•	For relative throughput improvement, compare the throughput of different schemes at the SNR which achieves 70% of the max TP for one dominant interference cell CRS-RM, i.e., scheme #1.
The following observations and proposals are given w.r.t. other WG impact:
Observation 7: The information needed to obtain CRS sequence and pattern is semi-static, and UE does not need to detect such kind of information frequently, so we don’t expect much complexity and power consumption increase if network assistance information is not available.
Proposal 3: Not introduce network assistance information for CRS-IM.
Observation 8: If the PDSCH processing time is impacted, it will make the CRS-IM feature very impossible to be used in the commercial network in the end.
Proposal 4: UE PDSCH processing time should not be impacted by CRS-IM.
The following observations and proposals are given w.r.t. PDCCH CRS-IM:
Observation 9: For LTE UE, CRS-IM for PDCCH was introduced in Rel-13. 
Proposal 5: Focus on NR PDSCH CRS-IM in this meeting and further check the need of NR PDCCH CRS-IM after RAN#93e.

	R4-2112227
	China Telecom
	TP to TR 38.833: Summary of link level evaluation and conclusion for CRS-IM

	R4- 2112300
	Nokia
	Baseline RM scheme and dynamic interference modelling
Observation 1: Case A covers a static interference scenario, while case B can be understood to model, for example, a mobility scenario where interference conditions change dynamically.
Observation 2: The network configuration for CRS-RM is semi-static and RM cannot always be guaranteed for the dominant interferer in practical scenarios.
Proposal 1: Include mobility in the CRS-RM simulations. Case B can serve as a starting point for discussion, to find a compromise that includes mobility modelling with dynamic interference. I.e., dynamic change of dominant interferer conditions.
Proposal 2: Based on simulations and feedback from companies for case A and B, decide the mobility/dynamic interference scenarios for the performance requirement definition.
Network assistance signaling for CRS-IM
Observation 3: At RAN#91-e [3], it was agreed that RAN4 shall evaluate candidate IM reference receiver to enable neighbouring cell CRS-IM with priority given to solutions not having RAN1 specification impact
Observation 4: Aligned simulation results are needed to evaluate the performance for CRS-IM for static and dynamic interference scenarios.
Proposal 3: Analyse baseline performance results for CRS-IM, in both dynamic and static interference conditions. Decide based on these results, whether or not to consider CRS-IM.
Proposal 4: If CRS-IM is considered, then evaluate the benefits of solutions with/without network assistance.

	R4-2115629 (Revision of R4- 2112316)
	AT&T
	Observations:
1. CRS-IC and Rel. 16 rate matching (second pattern) perform similarly when LTE traffic dominates 
1. Rel. 16 rate matching (second pattern) performs better than CRS-IC when NR traffic dominates
1. Rel. 15 symbol level rate matching results in a significant performance loss
1. Canceling the cell with the second strongest RSRP whose CRS is not colliding with the serving cell’s CRS in addition does not yield a measurable improvement (not shown)
Conclusions and Proposals:
Rel. 16 rate matching with a second CRS pattern can be used to mitigate the impact of CRS interference on NR UEs in networks with overlapping spectrum for LTE and NR
The impact on LTE UEs needs further investigation before concluding on a solution for CRS interference handling in networks with overlapping spectrum for LTE and NR

	R4-2112332
	Qualcomm
	Rate Matching
Observation 1: Rate matching techniques do not impact UE processing timeline and UE power consumption.
Observation 2: Rae matching techniques do not need any significant work from other working groups for it to be implemented.
LLR Weighting
Observation 3: LLR Weighting technique does not impact UE processing timeline and UE power consumption.
Observation 4: LLR Weighting technique does not need any significant work from other working groups for it to be implemented.
Observation 5: LLR Weighting technique improves the UE performance significantly without increasing the overhead.
CRS Interference Cancellation
Observation 6: LTE UE processing timelines based on CRS are longer than NR.
Observation 7: Additional CRS based channel estimation on top of existing NR processing will increase the UE processing time by ~1ms and result in higher latency compared to Rel-15 NR. Hence, it will have significant RAN1 impact.
Observation 8: Typical UE implementation has completely separate processing for NR and LTE. So, it is difficult to reuse the CRS processing from LTE in NR processing and may increase cost of the UE.
Observation 9: While CRS-IC scheme performs the best, it will need significant work from RAN1 to evaluate UE processing time and will also increase UE complexity the most compared to other schemes.
Observation 10: WID [3] clearly states: “Priority will be given to solutions not having RAN1 specification impact.”
Proposal 1: Consider only rate matching or LLR weighting techniques in Rel-17 for CRS interference mitigation.
Proposal 2: Do not consider CRS interference cancellation technique in Rel-17.
Proposal 3: Evaluate UE processing timeline impact due to additional processing for CRS interference cancellation, if that scheme is agreed in Rel-17.
Network Assistance
Observation 11: UE needs network assistance to know the interfering LTE cell’s cell ID, number of CRS ports, MBSFN configuration, and CRS muting information. Otherwise, UE will have to run hypothesis testing to figure out all the needed information. It will increase the UE power consumption significantly and will further extend the UE processing time.
Observation 12: If UE mis-detects the needed parameters or CRS presence, it will severely impact the UE performance for CRS Interference cancellation.
Observation 13: It was discussed and agreed to provide such network assistance in LTE for CRS interference cancellation.
Proposal 4: Consider network assistance to reduce UE power consumption and UE complexity if CRS interference cancellation or LLR weighting schemes are considered in Rel-17.

	R4-2112333
	Qualcomm
	Simulation Results for CRS Interference Mitigation

	R4-2113121
	Intel
	Observations #1:	For Scenario 1 with 9 symbols PDSCH duration
•	CRS-IC provides 0.9-3.7 dB performance improvement (depending on interference loading) in comparison to MMSE receiver.
•	CRS RM provides 0.4-2.3 dB performance improvement (depending on interference loading) in comparison to MMSE receiver for scenarios with 0-50% interference loading.
•	CRS RM leads to performance degradation in comparison to MMSE receiver for scenarios with 100% interference loading.
•	CRS RM and CRS-IM with LLR weighting provide comparable performance.
Observations #2:	For Scenario 2
•	CRS-IC provides 6-28 % performance improvement (depending on interference loading) in comparison to MMSE receiver.
•	CRS-IM with LLR weighting provides 1-20 % performance improvement (depending on interference loading) in comparison to MMSE receiver.
•	CRS RM with PDSCH duration 11 symbols provides performance improvement in comparison to scenario without CRS RM and with MMSE receiver mainly for scenarios with 0% interference loading.
•	CRS RM with PDSCH duration 11 symbols leads to performance 9-30% degradation in comparison to scenario without CRS RM and with MMSE receiver for scenarios with 50% and 100% interference loading.
•	CRS RM with PDSCH duration 9 symbols leads to performance 14-39% degradation in comparison to scenario without CRS RM and with MMSE receiver
Observations #3:	PDSCH processing time requirements were defined under assumption of 4-layer processing with 256QAM and 3300 active subcarriers (~ 50 MHz with 15 kHz).
Observations #4:	Typical scenarios for CRS-IM receiver are Rank 1 with QPSK or 16QAM modulation.
Proposal 1:	Conclude that using of CRS-IM receiver does not have impact on PDSCH processing time.
Proposal 2:	Define “light” network assistance signalling, which should include at least information about presence of CRS interference, and further discuss whether additional information should be included.
Observation #5:	Using of CRS rate matching solutions for protection from neighboring cell CRS interference may affect LTE UE performance (for example, SINR estimation for demodulation or CSI processing).
Proposal 3:	Conclude that the CRS-IM processing is feasible for considered scenarios with overlapping spectrum for LTE and NR and define corresponding performance requirements in the Rel-17.

	R4-2113129
	Intel
	TP to TR 38.833: Link level simulation results for LTE CRS interference handling for NR UE

	R4-2113621
	Ericsson
	Observation 1: CRS-IC and LLR weighting both have very close performance compared to that of those rate-matching schemes, especially that of reference (Rel-15 RM) in scenario 1
Observation 2: For MCS4, the performance of CRS-IC and LLR weighting has <1dB gain over that of the reference at SNR point of 70% max TP in scenario 1
Observation 3: For MCS13, no obvious gain has been observed comparing the performance of IM and rate-matching schemes in scenario 1
Observation 4: CRS-IC and LLR weighting both have 1~2 dB gain compared to the reference for scenario 2
Proposal 1: Consider CRS-IM for defining performance requirement
Proposal 2: Do not need to specify the CRS-IM schemes while defining requirements since CRS-IC and LLR weighting have very close performance
Proposal 3: RAN4 studies the scenario of asynchronous network after RP #93 meeting
Proposal 4: Determine whether to consider having PDCCH performance requirements based on the evaluation of performance impact and gain
Proposal 5: Not to introduce any type of network assistance information
Observation 5: Under 100% PDSCH load level, performance of rate-matching schemes and IM schemes are very close for scenario 1
Observation 6: under 100% PDSCH load level, performance of LLR weighting has ~2dB gain over the performance of CRS-IC and reference
Observation 7: Performance under 100% PDSCH load level is ~10dB worse than the performance under 20% PDSCH load level
Proposal 6: Consider only 20% PDSCH load for defining requirement
Observation 8: For scenario 2 with MCS19, performance of five schemes can not reached the Max TP even in high SNR
Proposal 7: Focusing on MCS4 and MCS13in defining performance requirement in phase II

	R4-2113622
	Ericsson
	Simulation results for CRS interference

	R4-2113623
	Ericsson
	TP to TR38.833: Receiver structure for CRS-IM performance

	R4-2113775
	Huawei, HiSilicon
	Our observations:
Observation 1: RM is not a suitable method to suppress CRS interference for scenario 1.
Observation 2: CRS-IC has optimal performance but highest complexity.
Observation 3: LLR weighting has the great balance between complexity and performance with only 1dB performance degradation compared to CRS-IC.
Observation 4: Schemes with no RM has natural advantages over than RM in scenario 2.
Observation 5: RM schemes has no performance gain over baseline (NO CRS-IM) in scenario 2.
Our proposals:
Proposal 1: Not define performance requirements for PDCCH with CRS-IM
Proposal 2: Define the requirements by using LLR weighting for scenario 1.
Proposal 3: Evaluate the results for scenario 2 by comparing the SNRs of different schemes @70% of max throughput of RM.
Proposal 4: Define the requirements by using LLR weighting for scenario 2.
Proposal 5: Not consider network assistance.
Proposal 6: Reuse the LTE interference model as follows:
-	Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
-	Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
-	In time domain, probability of occurrence of data transmission in interference cells: simulate 20%
Proposal 7: Define performance requirements for MCS 4 and MCS 13

	R4-2113776
	Huawei, HiSilicon
	Simulation results on CRS-IM receiver

	R4-2113777
	Huawei, HiSilicon
	TP: Introduction of simulation assumptions for CRS-IM receiver

	R4-2114041
	MediaTek Inc.
	Observation 1: Based on the previous agreed assumptions, the performance of IC outperforms that of RM. 
Observation 2: Considering the scenario of UE located near the cell center and at the sector edge, the performance of RM is better than that of IC.
Observation 3: From the results of Figure 1 and Figure 2, the performance of IC is not always outperform RM. 
Proposal 1: RAN4 needs to consider more scenarios for the performance evaluation of different CRS interference handling schemes.
Observation 4: The receiver complexity of CRS-IC receiver is much higher than that of RM.
Proposal 2: Send LS to request RAN1 for evaluating the UE processing timeline due to CRS-IC.

	R4-2114415
	MediaTek Inc.
	TP to TR 38.833: Scenario for LTE CRS interference handling for NR UE


Open issues summary
Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-1: Sync or async scenario for FDD
· WID description (RP-211135):
· Synchronous network scenario is prioritized. As second priority, RAN4 could evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful.
· Agreement in RAN4 #99e (R4-2108662):
· Sync or async scenario for FDD
· Focus on Sync network before RP #93 meeting
· Proposals
· Option 1: Evaluate the scenario of asynchronous network after RP #93 meeting (CMCC, E///)
· Recommended WF
· Is option 1 agreeable?

Issue 2-1-2: CBW and SCS for target and interference cells
· WID description (RP-211135):
· 15 kHz SCS for NR is prioritized. RAN4 should evaluate the feasibility and usefulness of 30 kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful.
· Agreement in RAN4 #99e (R4-2108662):
· CBW and SCS for target and interference cells
· Use the following SCS/CBW for performance evaluation before RP #93e, FFS for performance requirement definition:
· FDD 15kHz: 10MHz CBW
· TDD 15kHz: to be discussed in the next meeting
· TDD 30kHz: to be discussed after RAN#93e
· Proposals for NR TDD 15kHz SCS scenario
· Option 1: For TDD 15kHz scenario, use 10MHz and/or 20MHz bandwidth (CMCC)
· CMCC: Both of 10MHz and 20MHz can be accepted, prefer 20MHz from our side.
· Option 2: Do not consider case of TDD 15KHz for CRS-IM without network assistance. (Apple)
· Apple: Without network assistance in TDD, UE needs to decode SIB from LTE neighbor to determine LTE TDD config, in addition to MIB decoding.
· Option 3: In case CRS interference handling needs to be considered for TDD 15KHz, only consider with CRS rate matching on LTE DL slots for NR DL slots. (Apple)
· Proposals for NR TDD 30kHz SCS scenario
· Option 1: Cover 30kHz SCS and 40MHz CBW for NR TDD (CMCC)
· CMCC: 30kHz is used for NR band n41, and 15kHz is used for LTE Band 41, we have already observed the interference caused by LTE CRS.
· Option 2: Do not consider case of TDD 30 KHz for CRS-IM (Apple)
· Apple: In case TDD 30KHz scenario is considered for CRS interference handling, consider CRS rate matching on LTE DL slots for NR DL slots.
· Recommended WF
· For NR TDD 15 kHz SCS scenario 
· Since it has been agreed to discuss the CBW for performance evaluation in this meeting, is the CBW of 20MHz from Option 1 agreeable?
· For NR TDD 30 kHz SCS scenario 
· Is it possible to include 40MHz CBW as one candidate option, and the decision will be made after RAN#93e?

Issue 2-1-3: MCS for target NR PDSCH
· Agreement in RAN4 #99e (R4-2108662):
· MCS for target NR PDSCH
· Cover QPSK MCS 4 and 16QAM MCS 13 for initial simulation
· FFS whether to cover 64QAM MCS 19
· Proposals
· Option 1: Focus on MCS 4 and MCS 13 for defining performance requirement after RAN #93e (E///, HW)
· E///: For scenario 2 with MCS19, performance of five schemes can not reached the Max TP even in high SNR
· Recommended WF
· Encourage feedback on Option 1

Issue 2-1-4: Performance measurement for scenario 2
· Agreement in RAN4 #99e (R4-2108662):
· Target PDSCH performance measurement point
· Companies to provide simulation curves as well as the CRS-IM gain in terms of both SNR improvement and relative throughput improvement. 
· Use SNR in the simulation.
· Issue for scenario 2
· Different symbol lengths and TBSs for the schemes with and without CRS-RM in scenario 2.
· Proposals
· For SNR improvement
· Option 1: Use SNR @ max TP for each scheme for SNR gain (Apple)
· Option 2: For SNR improvement, compare the SNR of different schemes at 70% of the max TP with CRS-RM, i.e., L = 9 or 11 (CTC, HW)
· HW: Schemes with no RM has natural advantages over than RM in scenario 2.
· For relative throughput improvement
· Option 1: Compare the throughput of different schemes at the SNR which achieves 70% of the max TP for one dominant interference cell CRS-RM, i.e., scheme #1. (CTC)
· TBS difference for with and without RM in scenario 2
·  for TBS calculation per PRB
· With no RM (for the reference and IM schemes): 12 (symbol) x 12 (subcarrier)  - 12 (DMRS) = 132 
· With RM and without alternative DMRS (for the RM schemes): 9 (symbol) x 12 (subcarrier) - 12 (DMRS) - 18 (Overhead) = 78 
· With RM and with alternative DMRS (for the RM schemes): 12 (symbol) x 12 (subcarrier) - 12 (DMRS) - 18 (Overhead) = 114
· Note: the agreement from RAN4 #99e is to use L = 11 for with alternative DMRS, but in fact L = 12 can be used for scenario 2 with alternative DMRS? (=> to be confirmed)
· [Apple] Please confirm how L=12 can be used with alternate DMRS. Where would PDCCH be transmitted? 

· Difference in symbol length is because the support of alternative DMRS is up to UE capability.
· Difference in Overhead for TBS determination is due to the overhead by RM.
· Initial summary for round 1 
· For SNR improvement
· Option 1: Use SNR @ 70% max TP for each scheme (Apple, QC)
· QC: none of the options are ideal at current stage.
· Option 2: Use SNR @ 70% max TP with CRS-RM, i.e., L = 9 or 11 (CTC, HW)
· Option 3: Use SNR @ 70% max TP with the reference scheme. (CMCC)
· Option 4: Use the same PDSCH allocation for both with and without RM. (Apple, E///)
· For relative throughput improvement
· Option 1: Compare the throughput of different schemes at the SNR which achieves 70% of the max TP for one dominant interference cell CRS-RM, i.e., scheme #1. (CTC)
· Option 2: Use SNR at 70% of maximum throughput for scenario without CRS-RM and without CRS-IM processing (i.e. only MMSE) (Intel)
· Recommended WF
· Proposed compromise on how to capture the results in the TP (note: not impact the observations agreed in Aug 17 GTW):
· For the comparison of CRS-IM over the reference scheme: use option 3, i.e., SNR improvement @ 70% max TP with the reference scheme
· For CRS-RM:
· Do not capture the SNR or throughput performance into the TR in this meeting. 
· Meanwhile, generally capture the TBS difference for with and without RM, and for with and without alternative DMRS (as summarized above)

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
· Agreement in RAN4 #99e (R4-2108662):
· PDCCH CRS-IM
· FFS whether to define neighboring cell LTE CRS-IM requirement for PDCCH
· Proposals
· Option 1: Do not consider CRS-IM for PDCCH. (Apple, HW)
· HW/Apple: the design of PDCCH ensures that it is robust to resist the CRS interference 
· Option 2: Define neighbouring cell LTE CRS-IM requirement for PDCCH in Scenario 2 (CMCC)
· Option 3: Focus on NR PDSCH CRS-IM in this meeting and further check the need of NR PDCCH CRS-IM after RAN#93e (CTC, E///)
· Recommended WF
· Encourage further discussion, and is option 3 a possible compromise?

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference 
· Agreement in RAN4 #99e (R4-2108662):
· Baseline RM scheme for performance comparison with PDSCH CRS-IM
· For scenario 1 with LTE and NR DSS: 
· …
· Rel-16 CRS-RM for 1 interference cell:
· Case A: the 1 interference cell with RM is always the first dominant interference, i.e., INR1
· Case B: the 1 interference cell with RM is NOT always the first dominant interference. Interested companies can provide simulation results for Case B.
· e.g., INR of the 1 interference cell with RM is INR1 or INR2 with 50%: 50% probability. If the INR for the interference cell with RM is INR1, then the INR for the other interference cell is INR2, and vice versa. The INR levels for the two interference cells can be changed per [1000] slots. 
· The above example for Case B is optional, and other options for Case B are not precluded. 
· Case B is for initial simulation only, and FFS whether to consider it for performance requirement definition. 
· For scenario 2 
· …
· Rel-15 CRS-RM for 1 interference cell
· Case A: the 1 interference cell with RM is always the first dominant interference, i.e., INR1
· Case B: the 1 interference cell with RM is NOT always the first dominant interference. Interested companies can provide simulation results for Case B.
· e.g., INR of the 1 interference cell with RM is INR 1 or INR2 with 50%: 50% probability. If the INR for the interference cell with RM is INR1, then the INR for the other interference cell is INR2, and vice versa. The INR levels for the two interference cells can be changed per [1000] slots. 
· The above example for Case B is optional, and other options for Case B are not precluded. 
· Case B is for initial simulation only, and FFS whether to consider it for performance requirement definition. 
· Observations from companies 
· Nokia: 
· In practical mobility scenarios the UE will experience changing interference conditions due to line of sight path changes.
· Case A covers a static interference scenario, while case B can be understood to model, for example, a mobility scenario where interference conditions change dynamically.
· The network configuration for CRS-RM is semi-static and RM cannot always be guaranteed for the dominant interferer in practical scenarios.
· Huawei: Case A seems impractical in actual scenario for moving UE, more practical scheme is the scheme of Rel-16 RM for 1 interference cell that is not always RM the first dominant interference
· Proposals: 
· Option 1 (Nokia)
· Include mobility in the CRS-RM and CRS-IM simulations. 
· Case B can serve as a starting point for discussion, to find a compromise that includes mobility modelling with dynamic interference. i.e., dynamic change of dominant interferer conditions.
· Based on simulations and feedback from companies for case A and B, decide the mobility/dynamic interference scenarios for the performance requirement definition.
· Recommended WF
· Encourage feedback on option 1 for the modelling of change of dominant interferer(s), and then check if any additional agreement on top of Case B can be reached.

Issue 2-2-2: PDSCH loading level on interference cell
· Agreement in RAN4 #99e (R4-2108662):
· PDSCH loading level on interference cell
· In time domain, probability of occurrence of data transmission in interference cells: simulate 20%, and it is also encouraged to simulate 0%, 50% and 100%.
· In frequency domain: full bandwidth allocation.
· Proposals: 
· Option 1: Consider only 20% interference cell PDSCH loading level for requirement definition after RAN #93e. (E///, HW)
· Recommended WF
· Encourage feedback on Option 1.

Issue 2-2-3: Time offset and frequency shift for sync network
· Agreement in RAN4 #99e (R4-2108662):
· Time offset and frequency shift for sync network
· Option 1 for initial simulation:
· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
· Other options are not precluded.
· Proposals: 
· Use option 1 (HW)
· Recommended WF
· Confirm option 1 as baseline?

Issue 2-2-4: Interference power level modelling
· Agreement in RAN4 #99e (R4-2108662):
· Interference power level
· Use option 1 with INR1 = 10.45 dB and INR2 = 4.6 dB as baseline, other power levels can also be simulated by interested companies.
· Proposals: 
· Option 1: Consider more scenarios for the performance evaluation of different CRS interference handling schemes (MTK)
· MTK: Considering the scenario of UE located near the cell centre and at the sector edge, the performance of RM is better than that of IC.
· Recommended WF
· Encourage feedback on Option 1.

Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-1: Summary of link-level simulation results for NR PDSCH
Brief summary of simulation results for scenario 1 (performance measurement for scenario 2 is pending on the discussion in Issue 2-1-4)
· Required SNR for the reference scheme
· Reference scheme: Rel-15 serving cell CRS-RM, without interference CRS handling
	Case Number
	MIMO
	MCS index
	CTC
	Intel
	MTK
	QC
	Apple
	E///
	HW

	Case 1
	4Tx 2Rx Low
	QPSK MCS4
	3.8
	3.4
	
	
	5.3
	
	2.1

	Case 2
	
	16QAM MCS13
	11.2
	11.0
	
	
	11.9
	
	10.7

	Case 3
	4Tx 4Rx Low
	QPSK MCS4
	-0.3
	-0.1
	2.0
	-0.3
	2.9
	
	-1.2

	Case 4
	
	16QAM MCS13
	7.1
	7.2
	12.0
	7.0
	8.8
	
	7.2


· Moderator’s observation:
· Some companies’ results are not well aligned with others.

· SNR gain of the Scheme 1 over the reference
· Scheme 1: Rel-16 CRS-RM for 1 interference cell (case A the rate matched CRS is always the first dominant interference)
	Case Number
	MIMO
	MCS index
	CTC
	Intel
	MTK
	QC
	Apple
	E///
	HW

	Case 1
	4Tx 2Rx Low
	QPSK MCS4
	1.6
	1.97 
	　
	　
	0.6
	　
	1.8

	Case 2
	
	16QAM MCS13
	1.2
	1.36 
	　
	　
	0.8
	　
	1.71

	Case 3
	4Tx 4Rx Low
	QPSK MCS4
	1.9
	1.94 
	　
	1.45
	0.8
	　
	1.95

	Case 4
	
	16QAM MCS13
	1.5
	1.46 
	　
	1.07
	1.5
	　
	1.82


· Moderator’s observation:
· ~1 dB to 1.95 dB gain over the reference

· SNR gain of the Scheme 2 over the reference 
· Scheme 2: Rel-16 CRS-RM for 1 interference cell (case B the rate matched CRS is NOT always the first dominant interference)
	Case Number
	MIMO
	MCS index
	CTC
	Intel
	MTK
	QC
	Apple
	E///
	HW

	Case 1
	4Tx 2Rx Low
	QPSK MCS4
	0.2
	0.45 
	　
	　
	　
	　
	-1.2

	Case 2
	
	16QAM MCS13
	-0.3
	-0.33 
	　
	　
	　
	　
	-1.47

	Case 3
	4Tx 4Rx Low
	QPSK MCS4
	0.5
	0.53 
	　
	　
	　
	　
	-1.2

	Case 4
	
	16QAM MCS13
	0.1
	-0.13 
	　
	　
	　
	　
	-1.32


· Moderator’s observation:
· No obvious gain over the reference.

· SNR gain of the Scheme 3 over the reference 
· Scheme 3: Rel-15 RB symbol level CRS-RM for 2 interference cells
	Case Number
	MIMO
	MCS index
	CTC
	Intel
	MTK
	QC
	Apple
	E///
	HW

	Case 1
	4Tx 2Rx Low
	QPSK MCS4
	1.6
	2.28 
	　
	　
	-0.1
	
	1.7

	Case 2
	
	16QAM MCS13
	0.3
	0.40 
	　
	　
	-1
	
	0.12

	Case 3
	4Tx 4Rx Low
	QPSK MCS4
	2
	2.38 
	0.12
	　
	0.6
	
	1.99

	Case 4
	
	16QAM MCS13
	0.6
	0.75 
	-0.61
	　
	0.7
	
	0.52


· Moderator’s observation:
· ~ 2dB gain for MCS 4 over the reference
· No obvious gain for MCS 13 over the reference

· SNR gain of the Scheme 4 and 5 over the reference 
· Scheme 4: CRS-IM using CRS-IC WITH NW assist
· Scheme 5:	CRS-IM using CRS-IC WITHOUT NW assist
	Case Number
	MIMO
	MCS index
	CTC
	Intel
	MTK
	QC
	Apple
	E///
	HW

	
	
	
	#4
	#5
	#4
	#5
	#4
	#5
	#4
	#5
	#4
	#5
	#4
	#5
	#4
	#5

	Case 1
	4Tx 2Rx Low
	QPSK MCS4
	　
	3.8
	3.29 
	　
	　
	　
	　
	　
	1.3
	1
	　
	　
	3.6
	3.7

	Case 2
	
	16QAM MCS13
	　
	4.4
	3.35 
	　
	　
	　
	　
	　
	3.6
	2.7
	　
	　
	3.24
	3.27

	Case 3
	4Tx 4Rx Low
	QPSK MCS4
	　
	3.9
	3.11 
	　
	4.22
	　
	2.16
	　
	1.2
	1.1
	　
	　
	3.76
	3.78

	Case 4
	
	16QAM MCS13
	　
	4.7
	3.35 
	　
	4.41
	　
	2.68
	　
	4.2
	3.3
	　
	　
	3.72
	3.71


· Moderator’s observation:
· 2.16 dB ~ 4.7 dB gain over the reference
· Apple: 0.9dB loss for MCS 13 if no network signalling
· HW: no loss if no network signalling

· SNR gain of the Scheme 6 and 7 over the reference 
· Scheme 6: CRS-IM using LLR weighting WITH NW assist
· Scheme 7:	CRS-IM using LLR weighting WITHOUT NW assist
	Case Number
	MIMO
	MCS index
	CTC
	Intel
	MTK
	QC
	Apple
	E///
	HW

	
	
	
	#6
	#7
	#6
	#7
	#6
	#7
	#6
	#7
	#6
	#7
	#6
	#7
	#6
	#7

	Case 1
	4Tx 2Rx Low
	QPSK MCS4
	
	
	1.88
	
	
	
	
	
	
	
	
	
	2.5
	2.5

	Case 2
	
	16QAM MCS13
	
	
	1.54
	
	
	
	
	
	
	
	
	
	2.4
	2.35

	Case 3
	4Tx 4Rx Low
	QPSK MCS4
	
	
	1.69
	
	
	0
	1.35
	
	
	
	
	
	2.81
	2.76

	Case 4
	
	16QAM MCS13
	
	
	1.40
	
	
	0
	1.15
	
	
	
	
	
	2.75
	2.73


· Moderator’s observation:
· 1.15 dB ~ 2.81 dB gain over the reference
· HW: no loss if no network signalling

Session Chair: (in Aug 17th GTW)
We target to conclude the candidate schemes for CRS interference handling based on the collected results with initial evaluation simulation assumption and other aspects i.e. processing time impact, impact on LTE UEs, and impact on NW assistant signalling; and make conclusions to report to RAN-P based on all the analysis we have including the observations from evaluation performance comparison. 
It’s also encouraged companies to take effort on the clarification and alignment for the results and the assumptions during this meeting. 
The exact test configuration and simulation alignment can be further addressed in requirements definition phase if any. 

Agreements in Aug 17th GTW:
Initial observations from link-level evaluation results based on agreed simulation assumption:
· CRS-IC with the assumption of NW signaling can achieve better performance compared to RM scheme 1 
· CRS-IC without NW assistant signaling achieve similar or lower performance compared to CRS-IC schemes with the assumption of NW signaling
· LLR weighting with the assumption of NW signaling can achieve better or similar performance compared to RM scheme 1 
· LLR weighting without NW assistant signaling achieve similar or lower performance compared to LLR weighting with the assumption of NW signaling
· Note: RM scheme 1 is under the assumption that RM always applied for the strongest interference cell 
Further discuss the performance comparison among CRS-IC and LLR weighting schemes
Further discuss the model with and without NW signalling 
· Recommended WF
Following the guidance/discussion in GTW, the issues below will be further discussed:
· Issue 2-3-1-1: Further discuss the model with and without NW signalling 
· Issue 2-3-1-2: Calibration of simulation results 
· For companies whose results for the reference scheme are not aligned, please double check the simulation configurations (such as whether MMSE-IRC is enabled, and whether the power ratio of CRS RE and LTE PDSCH RE is 0 dB). If no updates on the results in this meeting, it is recommended to capture the results into the TP in the next meeting.
· Issue 2-3-1-3: Performance comparison among CRS-IC and LLR weighting schemes as well as the comparison of different RM schemes.
· Recommend to directly summarize the exact numbers for the SNR/throughput gains of each simulated schemes, to avoid further discussion on which is “better” or “worse”.

-------- Summary of link-level simulation results (GTW agreements are marked in green) -------- 
According to the PDSCH link-level simulation results for 15 kHz SCS and synchronous network, the performance gain of CRS-RM and CRS-IM schemes over the reference scheme without interference cell CRS handling can be summarized as follows:
•	In Scenario 1 with LTE and NR DSS:
-	For Rel-16 CRS-RM for 1 interference cell always with the strongest interference (Scheme #1), the gain over the reference scheme is 1.07 dB to 1.95 dB.
-	For Rel-16 CRS-RM for 1 interference cell not always with the strongest interference (Scheme #2), there is no obvious gain over the reference.
-	For Rel-15 RB symbol level CRS-RM for 2 interference cells (Scheme #3), the gain over the reference scheme is 1.6 ~ 2.38 dB for MCS 4, and there is no obvious gain for MCS 13 over the reference.
-	For CRS-IM using CRS-IC with and without NW assistant signaling (Scheme #4 and #5), the gain over the reference scheme is 2.16 dB ~ 4.7 dB. 
-	For CRS-IM using LLR weighting with and without NW assistant signaling (Scheme #6 and #7), the gain over the reference scheme is 1.15 dB ~ 2.81 dB.
•	In Scenario 2 with NR and LTE deployed in neighbouring BSs/areas:
-	<< To be added >>
Initial observations from link-level evaluation results based on agreed simulation assumption:
· CRS-IC with the assumption of NW signaling can achieve better performance compared to RM scheme 1 
· CRS-IC without NW assistant signaling achieve similar or lower performance compared to CRS-IC schemes with the assumption of NW signaling
· LLR weighting with the assumption of NW signaling can achieve better or similar performance compared to RM scheme 1 
· LLR weighting without NW assistant signaling achieve similar or lower performance compared to LLR weighting with the assumption of NW signaling
· Note: RM scheme 1 is under the assumption that RM always applied for the strongest interference cell 

Issue 2-3-1A: Summary of system-level simulation results for NR PDSCH
· Assumptions and observations from system-level simulation (AT&T)
· Simulation assumptions:
· For the CRS-IC receiver, perfect channel estimation of CRS interference is assumed
· Following RP-210350, CRS-IC is only turned on when the interfering cell’s RSRP is within 6dB of the UE’s serving cell RSRP
· A UE cancels the CRS of the cells with the N strongest RSRPs whose CRS is not collding with the serving cells’ CRS (N = 1 or 2)
· For the CRS-RM receiver, both Rel-15 symbol level rate matching and Rel.16 CRS rate matching (second pattern) are evaluated.
· For Rel.16 rate matching the UE is configured with a second pattern to rate match the CRS of the cell with the strongest RSRP whose CRS is not colliding with the serving cell’s CRS.
· Simulation observations: 
· CRS-IC and Rel. 16 rate matching (second pattern) perform similarly when LTE traffic dominates 
· Rel. 16 rate matching (second pattern) performs better than CRS-IC when NR traffic dominates 
· Rel. 15 symbol level rate matching results in a significant performance loss
· Canceling the cell with the second strongest RSRP whose CRS is not colliding with the serving cell’s CRS in addition does not yield a measurable improvement (not shown)
· Recommended WF
· Companies are encouraged to provide insights on the condition that CRS-IM is turned on/works well, for CRS-IC and LLR weighting respectively.
· Any other comments/questions on the simulation assumptions and observations?
· Whether to capture the system level assumptions and results to the TP? If yes, further discuss how to update the TR structure for section 5.3.
· Note that current version of the TR structure for the simulation part is as follows:
5.3	Link performance characterization
5.3.1	Parameters for link level evaluation
5.3.2	Link level simulation results
5.3.3	Summary of link level evaluation

Issue 2-3-2: Impact on LTE cell due to interference cell RM
· Agreement in RAN4 #99e (R4-2108662):
· Baseline RM scheme for performance comparison with PDSCH CRS-IM
· …
· Companies are encouraged to bring analysis on the performance impact on LTE cell due to Rel-16 RM.
· Evaluation/Observation from companies
· China Telecom
· Interference cell CRS-RM impact on CQI/PMI/RI reporting
· According to the definition in TS 36.213, LTE CQI is computed based on CRS for TM 1-8 and certain configuration of TM9.
· For LTE CQI measured based on CRS, the difference of SINR observed at CRS RE and data RE, i.e., difference between CQI SINR and PDSCH SINR, is as high as 5.86 dB and 11.75 dB for one interference cell CRS-RM and two interference cell CRS-RM respectively, which will lead to severe negative impact to LTE DL operation.
· Obvious impact on LTE RI and PMI reporting due to interference cell CRS-RM can also be expected.
· Interference cell CRS-RM impact on RSRQ reporting
· According to the definition in TS 36.214, LTE RSRQ is calculated based on RSRP and RSSI.
· According to the definition in TS 36.214, LTE RSSI is measured only from OFDM symbols containing CRS port 0 of measurement subframes unless indicated otherwise by higher layers, and it can be measured from all OFDM symbols of the DL part of measurement/indicated subframes if indicated by higher layers.
· With interference cell CRS-RM configured, the received power measured in the OFDM symbols containing CRS will be obviously lower than that in the OFDM symbols not containing CRS, which will obviously impact the LTE RSSI and RSRQ measurement accuracy.
· Intel: Using of CRS rate matching solutions for protection from neighboring cell CRS interference may affect LTE UE performance (for example, SINR estimation for demodulation or CSI processing).
· HW: RM will lead to poor performance for LTE cell where CRS is used for interference estimation.
· AT&T: Impact on interference power on REs carrying CRS due to interference cell CRS-RM
[image: ]
· Proposals: 
· Proposal 1: Not consider interference cell CRS-RM for the purpose of reducing the interference from neighboring cell LTE CRS. (CTC, [Intel])
· Proposal 2: The impact on LTE UEs needs further investigation before concluding on a solution for CRS interference handling (AT&T)
· Initial summary for round 1
· Proposal 1: Not consider interference cell CRS-RM for the purpose of reducing the interference from neighboring cell LTE CRS. (CTC, Intel, Ericsson, CMCC, HW)
· Proposal 2: The impact on LTE UEs needs further investigation before concluding on a solution for CRS interference handling (AT&T, Nokia, Apple)
· Proposal 3: Impact on LTE cell can be avoided if RM is implemented by configuring NZP CSI-RS at interfering cell’s CRS locations. (QC)
· CTC: It looks not workable to implement interference CRS-RM by configuring NZP CSI-RS at interfering cell’s CRS locations from the following aspects:
· From the RS pattern (occupied REs) per PRB perspective, it is not feasible to cover all the CRS REs by configuring NZP CSI-RS.
· From the time-domain property perspective, the slot(s) of NR PDSCH transmission is dynamically scheduled by DCI, how to ensure the NZP-CSI-RS are configured in the same slot(s) as NR PDSCH?
· From the frequency-domain property perspective, the PRB allocation of NR PDSCH transmisson is dynamically scheduled by DCI, but the CSI-RS bandwidth and frequency-domain starting position are provided as part of the CSI-RS configuration information.
· Recommended WF
· Summary of observations:
· Based on the INR levels used for RAN4 link-level simulation, the delta of SINR observed at CRS RE and data RE is 5.86 dB and 11.75 dB for one dominant interference cell CRS-RM and two interference cell CRS-RM respectively.
· Based on the system level simulation for ISD of 1000m, the average delta of SINR observed at CRS RE and data RE is ~2.5 dB to ~4.5 dB for one dominant interference cell CRS-RM and two interference cell CRS-RM respectively.
· LTE CQI/RI/PMI is computed based on CRS for TM 1-8 and certain configuration of TM9 (when the parameter pmi-RI-Report is not configured by higher layers for TM9).
· CRS is used for LTE PDSCH demodulation processing for TMs 1-6.
· LTE RSSI is measured only from OFDM symbols containing CRS port 0 of measurement subframes unless indicated otherwise by higher layers, and it can be measured from all OFDM symbols of the DL part of measurement/indicated subframes if indicated by higher layers. LTE RSRQ is calculated based on RSRP and RSSI.
· FFS on the proposal

Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
· Proposals: 
· Option 1: CRS-IM (E///, CTC, Intel, HW with LLR weighting, QC with LLR weighting, Apple for FDD 15kHz)
· Option 1A: CRS-IC
· Option 1B: LLR weighting (QC, HW)
· QC: LLR Weighting technique: 1) does not impact UE processing timeline and UE power consumption, 2) does not need any significant work from other working groups for it to be implemented, 3) improves the UE performance significantly without increasing the overhead
· HW: LLR weighting has the great balance between complexity and performance with only 1dB performance degradation compared to CRS-IC.
· Option 1C: No need to specify the exact CRS-IM schemes (E///)
· E////: CRS-IC and LLR weighting have very close performance
· Option 2: CRS-RM (QC, Apple for TDD)
· Initial summary for round 1 
· Option 1: CRS-IM (E///, CTC, Intel, HW with LLR weighting, QC with LLR weighting, Apple for FDD 15kHz, CMCC)
· Option 1A: CRS-IC (Intel)
· Option 1B: LLR weighting (QC, HW)
· QC: LLR Weighting technique: 1) does not impact UE processing timeline and UE power consumption, 2) does not need any significant work from other working groups for it to be implemented, 3) improves the UE performance significantly without increasing the overhead
· HW: LLR weighting has the great balance between complexity and performance with only 1dB performance degradation compared to CRS-IC.
· Option 1C: No need to decide the exact CRS-IM schemes (E///, Intel)
· E////: CRS-IC and LLR weighting have very close performance
· Intel: Decide the receiver assumptions during the requirements definition stage
· Option 2: CRS-RM (QC, Apple)
· Option 3: CRS-IM with network assistance (Apple)

· Recommended WF
· TBA

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
· Agreement in RAN4 #99e (R4-2108662):
· Assumption on CRS-IM
· …
· FFS NW assistant information existed or not, companies are encouraged to bring analysis with different options.
· Proposals
· Option 1: Introduce network assistance on neighbour cell LTE configuration (Apple, QC, Intel)
· Proposals on signalling content
· Option 1A: NW assistance information includes: Neighbor Cell-ID, LTE carrier frequency, LTE channel BW, Number of CRS ports, LTE MBSFN subframe configuration  (Apple)
· Option 1B: NW assistance information includes: interfering LTE cell’s cell ID, number of CRS ports, MBSFN configuration, and CRS muting information (QC)
· Option 1C: Light network assistance signalling, at least information about presence of CRS interference, FFS on the other information (Intel)
· Justification for Option 1
· Apple: Detecting the LTE cells and decoding PBCH/MIB (to determine the number of TX antenna/ CRS ports) are significant processing and complexity at the UE side.
· QC: Consider network assistance to reduce UE power consumption and UE complexity.
· Intel: It is rather important to achieve trade-off between signalling overhead, complexity of additional network processing and UE power consumption and avoid significant impact from introduction of CRS-IM processing for both sides (Network and UE).
· Option 2: Do not consider network assistant information. (CMCC, CTC, E///, HW)
· Justification for Option 2
· CMCC: If we consider network assistant signalling, then we will introduce extra work to RAN1/2, and this CRS-IM gain will only applicable to the BSs and UEs which support this assistant information.
· CTC, E///: 1) The information needed to obtain CRS sequence and pattern is semi-static, and UE does not need to detect such kind of information frequently. 2) If no matter what kinds of network assistance information is agreed to be introduced, it won’t be implemented by BS side very soon.
· HW: 1) Based on our simulation results, performance for IC and LLR weighting with blind detection has the same performance with and without help of network assistance. 2) With the popularity of SA scenario, DSS will not exist and some extra signaling will be the burden of network if we define the requirement with network assistance.
· Option 3: Evaluate the benefits of solutions with/without network assistance after deciding to consider CRS-IM (Nokia)
· Recommended WF
· Further discuss the related technical aspects. Decision to be made in RAN plenary

Issue 2-4-2: UE processing time impact of CRS-IM
· Agreement in RAN4 #99e (R4-2108662):
· UE processing time
· Encourage further analysis on UE processing time in RAN4 #100e for CRS-IC and LLR deweighting respectively.
· Proposals 
· Option 1: UE PDSCH processing timeline should not be impacted by CRS-IM (CTC, Intel)
· CTC: As many operators already commented in RAN #91e, to address the problem observed in Rel-15 deployment, the RAN1 impact is obviously not preferred. If the PDSCH processing time is impacted, it will make the CRS-IM feature very impossible to be used in the commercial network in the end.
· Intel: Using of CRS-IM receiver does not have impact on PDSCH processing time.
· PDSCH processing time requirements were defined under assumption of 4-layer processing with 256QAM and 3300 active subcarriers (~ 50 MHz with 15 kHz).
· Typical scenarios for CRS-IM receiver are Rank 1 with QPSK or 16QAM modulation.
· Option 2: UE PDSCH processing timeline is not impacted by LLR weighting, and (may) be impacted by CRS-IC (QC, [MTK])
· QC: Evaluate UE processing timeline impact due to additional processing for CRS-IC, if that scheme is agreed in Rel-17.
· MTK: Send LS to request RAN1 for evaluating the UE processing timeline due to CRS-IC
· Initial summary for round 1
·  Option 1: UE PDSCH processing timeline should not be impacted by CRS-IM (CTC, Intel, E///, CMCC)
· Intel: Using of CRS-IM receiver does not have impact on PDSCH processing time.
· PDSCH processing time requirements were defined under assumption of 4-layer processing with 256QAM and 3300 active subcarriers (~ 50 MHz with 15 kHz).
· Typical scenarios for CRS-IM receiver are Rank 1 with QPSK or 16QAM modulation.
· CMCC: For 15kHz FDD, available spectrum is relatively small
· Option 2: UE PDSCH processing timeline is not impacted by LLR weighting, and (may) be impacted by CRS-IC (QC, [MTK], HW, Apple)
· QC: UE processing time could increase up to 1ms for CRS-IC scheme, if we keep the UE power and processing cycles the same since UE will have to run CRS channel estimation on top of NR DMRS channel estimation.
· Apple: Impact to UE processing and complexity without network assistance for detection and MIB decoding of LTE interference cells is not reflected in UE processing timeline.

· Recommended WF
· UE PDSCH processing timeline is not impacted by LLR weighting
· Further discuss the UE PDSCH processing timeline for CRS-IC for different PDSCH configurations including:
· Rank 1, QPSK and 16QAM, 20MHz CBW 
· Higher rank, higher modulation order,  20MHz CBW

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	XXX
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-1: Sync or async scenario for FDD

Issue 2-1-2: CBW and SCS for target and interference cells

Issue 2-1-3: MCS for target NR PDSCH

Issue 2-1-4: Performance measurement for scenario 2

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference 

Issue 2-2-2: PDSCH loading level on interference cell

Issue 2-2-3: Time offset and frequency shift for sync network

Issue 2-2-4: Interference power level modelling

Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-1: Summary of link-level simulation results for NR PDSCH

Issue 2-3-1A: Summary of system-level simulation results for NR PDSCH

Issue 2-3-2: Impact on LTE cell due to interference cell RM

Issue 2-3-3: RAN4 recommended schemes for interference CRS handling

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM

Issue 2-4-2: UE processing time impact of CRS-IM


	China Telecom
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-1: Sync or async scenario for FDD
Agree with option 1, which is aligned with the WID and the agreement in the last meeting.

Issue 2-1-2: CBW and SCS for target and interference cells
· For NR TDD 15 kHz SCS scenario 
· Ok to use 20MHz CBW
· For NR TDD 30 kHz SCS scenario 
· Ok to include 40MHz CBW as one candidate option, and the decision will be made after RAN#93e

Issue 2-1-3: MCS for target NR PDSCH
Not supportive of option 1, and whether to cover 64QAM MCS 19 can be decided in the normative phase.
For LTE HomNet CRS-IM, MCS 14 and MCS 19 are used for 2 CRS ports and 4 CRS ports respectively. With MCS 19, higher SINR for serving cell and lower SINR for interfering cell CRS are expected, and it is worthwhile to have a look at the CRS-IM performance in this senario.

Issue 2-1-4: Performance measurement for scenario 2
· For SNR improvement
Support option 2.
As pointed by HW, considering the symbol length for PDSCH, schemes with no RM have natural advantages over the RM schemes in scenario 2, which is the fact and we just need to take into account in the performance evaluation.
We don’t think any observation based on option 1 is useful.
· For relative throughput improvement
Ok with option 1. 

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
Option 3 is ok.

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference
Ok to further look at other methodologies on the modelling of change of dominant interferer(s). For now, we can use Case B as starting point.

Issue 2-2-2: PDSCH loading level on interference cell
Ok with Option 1.

Issue 2-2-3: Time offset and frequency shift for sync network
Ok with Option 1.

Issue 2-2-4: Interference power level modelling
In general, we are not objecting to consider more interfernece scenarios, but we need to understand how the scenarios are brought up, for exmpale, why 1 interference cell with INR = 25 dB is used? Are 256QAM with up to 4 layers typical?

Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-1: Summary of link-level simulation results for NR PDSCH
For the reference scheme, some companies’s results are not aligned with others. Maybe companies can further check and we don’t hurry to capture these results into TP in this meeting?

Issue 2-3-1A: Summary of system-level simulation results for NR PDSCH
Firstly, we think it is helpful to look at the system-level simulation results in addition to the link level simulation.
In general there will be two aspects to be considered from NR PDSCH performance perspective:
1) The ratio of UEs which turn on CRS-IM
2) For the UEs turning on CRS- IM, does IM perform better than RM?
Bullet 1) can be obtained by system level simulation, and bullet 2) based on link level simulation is more accurate.
One thing is that we have not formally agreed the system level simulation assumptions in RAN4, and perhaps some parameters need further checking, such as:
1) ISD of 1000m 
2) CRS-IC is turned on when the interfering cell’s RSRP is within 6dB of the UE’s serving cell RSRP
3) For Rel.16 rate matching the UE is configured with a second pattern to rate match the CRS of the cell with the strongest RSRP whose CRS is not colliding with the serving cell’s CRS.
4) Target RU for FTP traffic.

Issue 2-3-2: Impact on LTE cell due to interference cell RM
Support Proposal 1.

Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
We can first discuss for the scenario of 15 kHz SCS for sync FDD and TDD. For these scenarios, to our understanding, CRS-IM with LLR implementation can be agreeable. While for CRS-IM with CRS-IC implementation, the main issue raised by companies is the HARQ timeline, which can be discussed in GTW.

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
Option 2.

Issue 2-4-2: UE processing time impact of CRS-IM
Option 1. 


	Huawei
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-1: Sync or async scenario for FDD
The timing and frequency offset have been considered for sync scenario, we wonder how larger timing and frequency offset will be considered for async scenario? The larger timing and frequency offset may affect the performance of different CRS-IM algorithms, maybe different advanced receivers need to be considered.

Issue 2-1-2: CBW and SCS for target and interference cells
For NR TDD 15kHz SCS, we wants to know which NR TDD bands are deployed with 15kHz SCS in real network. As we know, no NR TDD with 15kHz is used for PDSCH in real network and no meaning to consider it.
For NR TDD 30kHz SCS, as per our understanding:
It is impractical to consider NR TDD 30kHz SCS for Scenario 1;
It is too complex to consider NR TDD 30kHz SCS for Scenario 2.

Issue 2-1-3: MCS for target NR PDSCH
Prefer MCS13 considering the similar performance gain for MCS4 and MCS13 as per our evaluations.

Issue 2-1-4: Performance measurement for scenario 2
For SNR improvement:
As discussed in our contribution, for Option 1, it is not reasonable to compare the SNR gain at the corresponding SNR@70% max TP for each scheme, no baseline for comparison, we think that it is more feasible to compare the absolute throughput of each scheme at fixed SNR point or compare the target SNR of each scheme at 70% of max TP of CRS-RM. 
For Option 2, we can further discuss whether to introduce the RM scheme with L=11 since it needs UE capability signaling.
For relative throughput improvement:
It is enough to compare the SNR improvement.

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
We support option 1.

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference
[bookmark: OLE_LINK44]According to our simulation results, RM scheme always has performance degradation compared to IC or LLR weighting, even the best RM scheme, i.e. RM for dominant interference or RM for all the interferences. For the simulation results of case B, it has been shown that the RM scheme of not always rate-matching the dominant interference has very poor performance. We wonder what is the motivation to further investigate other interference modelling. It is beneficial to discuss more practical interference modelling for RM only if RM scheme is determined as the solution to mitigate the CRS interference. 

Issue 2-2-2: PDSCH loading level on interference cell
We are OK with Option 1.

Issue 2-2-3: Time offset and frequency shift for sync network
OK with Option 1.

Issue 2-2-4: Interference power level modelling
We try to understand the scenario with very high INR at the cell centre but with high MCS and high rank in the real network, more clarification is welcome.

Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-1: Summary of link-level simulation results for NR PDSCH
- Reference scheme: Rel-15 serving cell CRS-RM, without interference CRS handling:
As observed by moderator, results not aligned, we wonder if the IRC processing is used for neighboring’s 20% interference by companies.

Issue 2-3-1A: Summary of system-level simulation results for NR PDSCH
More time is needed to check the system simulation assumptions and observations.

Issue 2-3-2: Impact on LTE cell due to interference cell RM
We support proposal 1.

Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
As we discussed in our contribution, we prefer to define the requirements by using LLR weighting considering the balance of performance gain and UE implementation complexity.

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
Support Option 2. 

Issue 2-4-2: UE processing time impact of CRS-IM
Based on our understanding, CRS-IC has large impact on UE processing time and implementation complexity. Firstly, UE should track the time offset and frequency of neighbouring cell and compensate them in every slot. Then UE should perform channel estimation for each CRS symbol, time/frequency filtering and reconstruct the CRS signal. Therefore, we think IC needs extra processing time and complexity will also be increased.
2021-08-19:
@QC for new proposal
Thank QC for new proposal, but there are still some performance degradation for LTE cell since there is no precoding for NZP CSI-RS, but PDSCH is precoded, there may be different power level and direction for NZP CSI-RS and PDSCH, the LTE neighboring cell CQI estimation will still be impacted.
The specific scheduling scheme will impose BS scheduling restriction in the real network.
@Nokia: for addition of pure interference power on those REs, we are wondering if it is a feasible NW scheduling method; For filling with PDSCH REs duplication, how can UE know those information? Maybe additional signalling is needed to inform UE about this.

	Nokia
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-1: Sync or async scenario for FDD
Agree to Option 1, as discussed earlier and in the plenary the sync is to be prioritised over async. 

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference 
In real-life scenarios the environment can change more dynamically than might tracked by the semi-static RM algorithms with associated delays.
Any performance evaluations evaluating RM (and IM) performance, as well as, various assistance information schemes, need to consider such dynamic dominant interference changes.
Update 8/19/21
We thank Huawei for already providing simulation results for case B in this meeting. The results seem to be in line with expectation, i.e., RM schemes do not achieve their full potential. Similarly we would expect that IM schemes are impacted by dynamic interference scenarios depending on the level of NW Assistance assumed. It is clear that current demod requirements are based on static setups, but obtaining similar results for CRS-IM would help in deciding the type/level/frequency of NW Assistance that makes sense in practical scenarios.
Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-2: Impact on LTE cell due to interference cell RM
We agree that there will likely be some impact on LTE performance due to use of RM and corresponding CRS/data channel estimation mismatch. Hence, proposal 2 seems to be necessary.
Update 8/19/21
We thank QC again for their new proposal concerning mitigation of LTE performance loss due to NR CRS-RM.
We agree that the loading of RMed REs with interference signals by the NR gNB can alleviate the concerns for LTE UEs on CRS/data RE interference pattern mismatch

The solution proposed by QC, using 2x 64 CSI-RS resources is theoretically feasible, but in practice many (especially Rel-15/Rel-16) UEs signal UE capability of supporting at most 32 CSI-RS resources to be configured.
That being said, we do not think that it is required to actually configure these CSI-RS resources. The NR gNB can directly add the interference power in the RMed REs, without configuring the NR UE for this; the NR UE does puncture those REs in any case.

Hence, filling the REs with CSI-RS or other signals can be done without additional RRC configuration or signalling overhead. It might also be advantageous to fill the CRS REs with PDSCH RE duplications (instead of CSI-RS sequences), as those more closely match the interference pattern observed by neighbour LTE UEs on their data symbols.

Finally, as nothing needs to be configured/signalled, this is a BS implementation detail that does not need to be specified in RAN4.

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
Most companies have stated, in one way or the other, that the introduction of NW assistance would have RAN2 impact, and its performance benefits are disputed. Finally, the usefulness in NR only deployments is clearly reduced, hence the long-term benefits (once LTE is phased out) are non-existent.
Following these observations, Nokia is of the opinion that option 2 is the correct way forward.


	Qualcomm
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-1: Sync or async scenario for FDD
Prefer to change Option 1 to ”Discuss the scenario...” rather than ”Evaluate”. In our opinion, sync case is worse than async in terms of interference seen by serving cell. So, we prefer not to evaluate that scenario.

Issue 2-1-2: CBW and SCS for target and interference cells
We should first decide the interference mitigation scheme and network assistance before looking into these scenarios. For example, it will be difficult for UE to mitigate interference with CRS-IC w/o NW assistance in case of TDD. TDD 30kHz makes things worse. On the other hand, rate matching may work for these scenarios. 

Issue 2-1-3: MCS for target NR PDSCH
Prefer MCS13 since we are only considering Rank1 scenario. 64QAM with Rank1 may not happen in the field. We don’t see the purpose of defining same test with different MCS and will prefer to downselect.

Issue 2-1-4: Performance measurement for scenario 2
In our opinion, rate matching scenarios is at a double disadvantage here. One difference is reduced PDSCH duration and other difference is overhead parameter. At least, we should consider the same PDSCH duration when comparing with rate matching so that we only see the impact of change in code rate. Either we should simulate other schemes with 9 symbol PDSCH duration or simulate rate matching with 12 symbol duration assuming alternate DMRS location. 
With the current situation, peak thpt of rate matching is 59% of other schemes. So, when we look at 70% of peak thpt for RM scheme, we are looking at ~40% of peak thpt for other schemes where more retransmissions could happen. This is not a fair comparison. If we consider rate matching schemes with 12 symbol PDSCH duration, peak thpt of rate matching will be 86% of other schemes, which may still be ok to compare.
In this meeting, we can go with Option 1 for SNR improvement but none of the options are ideal at current stage.
Update 8/18/21
We are ok with Option 4, i.e., use same PDSCH allocation for both with and without RM because we want to see the impact of code rate change for RM and that will be more fair comparison. To accomplish this, either we consider 9symbol allocation for all schemes or 12 symbol for all schemes.
Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
Support Option 1. Same reason as HW/Apple.

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference 
Prefer Case A. We prefer not to combine mobility and demod test. Case B is a very artifical test where UE is hopping every slot such that those two interfering cells exchange their interference levels. So, Case B is not practical scenario either. In the past, RAN4 has always considered fixed INR level for each cell in demod tests and we would prefer to stick with that approach.
Issue 2-2-2: PDSCH loading level on interference cell
It can be further discussed in requirements phase. 

Issue 2-2-3: Time offset and frequency shift for sync network
It can be further discussed in requirements phase.

Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-2: Impact on LTE cell due to interference cell RM
Impact on LTE cell can be avoided if RM is implemented by configuring NZP CSI-RS at interfering cell’s CRS locations. This solution will work even for Rel-15 and Rel-16 UEs. At the same time, LTE cell can see NR interference. So, there should not be any performance degradation on LTE cell.
Update 8/18/21
To address China Telecom’s questions about implementation of this option, it can be implemented as follows:
· Focus on PDSCH part only becasue PDCCH is robust enough for CRS interference. So, we need to rate match around 16 CRS REs every RB every slot. All CSI-RS resources are configured for whole BWP.
· Use 2 CSI-RS resource sets containing 1 port NZP CSI-RS resources with periodicity of 4 slots: 1 resource set for slot 0 and 1 and 2nd resource set for slot 2 and slot 3. Then, the patttern repeats with 4 slot periodicity.
· In each resource set, use 1 port NZP CSI-RS resource for each tone and symbol for two slots (32 NZP CSI-RS) for 1st half of the BWP and 32 NZP CSI-RS resources for 2nd half of BWP. We need to divide it in two halves because of DC offset between LTE and NR.
· It will look as in below figure:
· [image: ]
We prefer to take our proposal into account before agreeing on summary of observations.

Update 8/19/2021
As suggested by AT&T in GTW, another approach to reduce the impact on LTE UE could be for gNB to apply rate matching and also transmit signal energy (random data or a copy of PDSCH data) in rate matched REs so that LTE UE still sees the interference.

Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
Our preference is Option 2 based on the comment for Issue 2-3-2 since other schemes can only be applied to Rel-17 UEs which are capable of those schemes.

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
Prefer Option 1 for LLR Weighting and CRS-IC schemes based on justifications provided. For Option 2, we have following comments:
· LLR Weighting and CRS-IC schemes will only be supported by Rel-17 UEs with a UE capability. So, those UEs can also support this NW assistance signalling. 
· Introducing new signalling is not that much of overhead for other WGs since those assistance and capabilities can be considered along with other signalling/capabilities being introduced in Rel-17.
· Since this NW assistance will only be supported by Rel-17 UEs, BSs will have 2-3 years to implement this because that’s when Rel-17 UEs will be launched in the market.
· Without NW assistance, UE performance will suffer. Even if UE could detect CRS ports, vshift etc when it does IRAT measurements, it cannot account for occassional MBSFN or CRS Muting. Also, the accuracy of CRS information will depend on how often IRAT measurements are scheduled. In LTE, network assistance was discussed in detail and it was decided to introduce it for the same reasons. We dont see why NR should be any different.
· To HW, we would like to ask the assumptions for ”w/o NW assistance” simulations. What kind of information was detected and what was assumed as given? Did you consider occasional MBSFN config, CRS Muting, change in number of CRS ports?

Issue 2-4-2: UE processing time impact of CRS-IM
Option 2. As per our analysis, UE processing time could increase up to 1ms for CRS-IC scheme, if we keep the UE power and processing cycles the same since UE will have to run CRS channel estimation on top of NR DMRS channel estimation.
Update 8/18/21
We don’t understand the purpose of the modified recommended WF. UE processing time analysis cannot be restricted to certain regimes because even if we consider lower or higher SNR regimes, UE will have to also support CA cases and UE tries to meet the timeline by either simplifying the algorithm or increasing its power consumption. So, we should rather focus on how much additional processing time is needed compared to no mitigation if UE power consumption and processing cycles available are fixed, keeping in mind that UE will have to support CA scenarios and all SNR regimes. 

	Apple
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-1: Sync or async scenario for FDD
We prefer to only consider sync network assumption if CRS-IM is considered. For CRS-IC with async, the UE needs additional processing and advanced receiver. What would be the frequency and time offset considered for async network? In LTE we have not considered Async network for any UE requirements in interference limited scenarios. Why do we consider it now?

Issue 2-1-2: CBW and SCS for target and interference cells
CRS-IM/IC with TDD 15KHz with no network assistance might be very complicated if UE needs to decode SIB for LTE interference. Our preference is to evaluate TDD with 15KHz for CRS-IM only if NW assistance is assumed. In order to support CRS-IC with TDD 30KHz UE needs to support dual FFT processing for LTE and NR and rate matching might be the only option. Rate matching scheme could be considered for TDD both for 15KHz and 30KHz SCS.

Issue 2-1-3: MCS for target NR PDSCH
Option 1, but only MCS13.
For the assumed INRs for performance evaluation, for MCS 4 the operating SINR is very low and  could have PDCCH decoding errors. We prefer to only consider MCS 13 to avoid PDCCH errors in PDSCH performance evaluation. 
MCS19/ 64QAM may not be practical for interference limited scenarios.  

Issue 2-1-4: Performance measurement for scenario 2
For the agreed simulation assumptions, the number of PDSCH symbols are different between with and without RM. With this RM has inherent disadvantage as the same TP cannot be achieved by RM and non-RM schemes at a given SNR/MCS. Also, with RM the code-rate would be higher compared to non RM even if other parameters are aligned. Hence, we propose to use relative measurement for comparison.
For SNR Improvement
Either use SNR @ 70% Max TP for each scheme to compare SNR or use the same PDSCH allocation for both with and without RM to compare. We don’t support using CRS-RM (scheme 1) as the reference for comparison. All performance should be compared against the reference scheme. 
For TP improvement
If we use the scheme 1 as a reference for comparison, it would always be worse than any non-RM schemes due to the different number of PDSCH symbols. Hence we either use a relative measurement or align the PDSCH allocation between RM and non-RM schemes.

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
We support option 1.

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference 
We never consider dynamic or mobility conditions in link level simulations. It more suitable for system level studies. In case we consider dynamic interference, it should also include the case where the dominant interference RM pattern is switched via RRC re-configuration. We don’t expect the interference profile to change very dynamically that RRC re-configuration is not possible.  Also, if NW assistance is assumed, the assistance info can also be updated via RRC re-configuration. 
We don’t support modeling change of dominant interferer for link level evaluation, since we believe the RM pattern or NW assistance info can also be changed via RRC re-configuration and should not affect the performance. We prefer case A alone.
 
Issue 2-2-2: PDSCH loading level on interference cell
We are fine with option 1. We would like to clarify if the total interference from 2 LTE aggressor cells is 20% or independently 20%. IN other words do we assume PDSCH transmission from both cells the at same time to ensure 20% loading overall, or each interferer independently and in that case the loading would be > 20%

Issue 2-2-3: Time offset and frequency shift for sync network
Ok with option 1.

Issue 2-2-4: Interference power level modelling
We support to consider other interference levels as well before concluding the benefit of one scheme over the other.
Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-1: Summary of link-level simulation results for NR PDSCH
As we commented for Issue 2-1-3, for MCS 4 there might be PDCCH errors affecting PDSCH performance as the operating SINR is very low. The observed span in results could be due to PDCCH errors. Not sure if other companies result assume no PDCCH errors (assume perfect PDCCH decoding) or including PDCCH errors. Our results are with PDCCH errors included. 
Issue 2-3-1A: Summary of system-level simulation results for NR PDSCH
We think it’s useful to capture system level study in the TR. And also consider these results in deciding on the interference handling scheme.  
Results show that RM on dominant interferer performs as well as CRS-IC and also the impact to CRS interference level is 2-3 dB.

Issue 2-3-2: Impact on LTE cell due to interference cell RM
We support further study on impact to LTE UEs. Based on system level study from AT&T the interference power delta is 2-3 dB with RM on dominant interferer.  
Also, we think that the observations from China Telecom on the interference level difference is a corner case  
--- Aug 18 ---
While studying the impact to LTE UE on CSI feedback based on CRS, we should also take into account the loading of LTE cell. 
Also, we understand that 2-3 dB would impact the reported CQI, but at network side OLLA is typically employed and we don’t think the impact would be significant. 

---  Aug 19 ---
@ Intel thanks for providing the method for SINR delta. We think a slightly different method should be used to calculate the impact to LTE interference cell.
We will provide details in 2nd round due to approaching deadline for 1st round comments. 
Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
We support option 2 – rate matching schemes for CRS interference handling. We think more study is needed to understand impact to LTE.
CRS-IM with NW assitance. 
--- Aug 18 ---
CRS-IM with network assistance is a feasible way forward if there is impact to LTE with rate matching techniques. 

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
We support option 1.
If CRS-IM is assumed, we support to include network assistance information.  How is it justified that providing such assistance is a burden on the network, while no consideration to the additional complexity on the UE to implement this?  It would be unrealistic to expect UE to support this feature without NW assistance. In LTE NW assistance was always introduced. 
This feature is discussed in R17, we would like to understand why it would take time for network to implement NW assistance, but UE is expected to support it immediately? UE would also support it in a few years when R17 capable UEs and networks are deployed, and NW assistance could also be implemented by then to support the UEs. 


Issue 2-4-2: UE processing time impact of CRS-IM
Option 2
There is significant processing involved for CRS-IC and might impact UE processing timeline. RAN1 would need to provide inputs on whether UE processing timeline is affected by CRS-IC. Also, with no network assistance the UE complexity and processing is increased but it would not be reflected in UE processing timeline. The UE processing timeline only accounts for PDSCH processing, once PDSCH is scheduled.  But CRS-IM would have to be done on all slots. Even if there might be no impact to the UE processing timeline for PDSCH, there is significant impact to UE processing with CRS-IC. There is no benchmark in RAN4 to assess UE complexity or processing. 

	China Telecom 2
	Issue 2-3-2: Impact on LTE cell due to interference cell RM
Response to QC and Apple’s comments on Issue 2-3-2
To QC:
After initial checking, it looks not workable to implement interference CRS-RM by configuring NZP CSI-RS at interfering cell’s CRS locations from the following aspects:
a) From the RS pattern (occupied REs) per PRB perspective:
If we compare the LTE CRS pattern and the possible CSI-RS locations, it looks not feasible to cover all the CRS REs by configuring NZP CSI-RS. 
More specifically, the number of CRS REs for 4 ports is 24. To configure the NZP-CSI-RS, it is not possible to configure a CSI-RS resource with 24 ports and with the same RE locations as the CRS. Also, the max number of CSI-RS resource sets is 16.


 Figure 6.10.1.2-1. Mapping of downlink reference signals (normal cyclic prefix). (from 36.211)

Table 7.4.1.5.3-1: CSI-RS locations within a slot. (from 38.211)
	Row
	Ports[image: ]
	Density [image: ]
	cdm-Type
	[image: ]
	CDM group index [image: ]
	[image: ]
	[image: ]

	1
	1
	3
	noCDM
	, , 
	0,0,0
	0
	0

	2
	1
	1, 0.5
	noCDM
	,
	0
	0
	0

	3
	2
	1, 0.5
	fd-CDM2
	,
	0
	0, 1
	0

	4
	4
	1
	fd-CDM2
	,
	0,1
	0, 1
	0

	5
	4
	1
	fd-CDM2
	,
	0,1
	0, 1
	0

	6
	8
	1
	fd-CDM2
	, , , 
	0,1,2,3
	0, 1
	0

	7
	8
	1
	fd-CDM2
	, ,, 
	0,1,2,3
	0, 1
	0

	8
	8
	1
	cdm4-FD2-TD2
	 , 
	0,1
	0, 1
	0, 1

	9
	12
	1
	fd-CDM2
	, , , ,, 
	0,1,2,3,4,5
	0, 1
	0

	10
	12
	1
	cdm4-FD2-TD2
	, , 
	0,1,2
	0, 1
	0, 1

	11
	16
	1, 0.5
	fd-CDM2
	, , , ,, , , 
	0,1,2,3,
4,5,6,7
	0, 1
	0

	12
	16
	1, 0.5
	cdm4-FD2-TD2
	, , , 
	0,1,2,3
	0, 1
	0, 1

	13
	24
	1, 0.5
	fd-CDM2
	, , , , , ,, , , , , 
	0,1,2,3,4,5,
6,7,8,9,10,11
	0, 1
	0

	14
	24
	1, 0.5
	cdm4-FD2-TD2
	, , , , , 
	0,1,2,3,4,5
	0, 1
	0, 1

	15
	24
	1, 0.5
	cdm8-FD2-TD4
	, , 
	0,1,2
	0, 1
	0, 1, 2, 3

	16
	32
	1, 0.5
	fd-CDM2
	, , , ,, , , , , , , , , , , 
	0,1,2,3,
4,5,6,7,
8,9,10,11,
12,13,14,15
	0, 1
	0

	17
	32
	1, 0.5
	cdm4-FD2-TD2
	, , , , , , , 
	0,1,2,3,4,5,6,7
	0, 1
	0, 1

	18
	32
	1, 0.5
	cdm8-FD2-TD4
	, , , 
	0,1,2,3
	0,1
	0,1, 2, 3



b) From the time-domain propoerty perspective:
The slot(s) of NR PDSCH transmisson is dynamically scheduled by DCI, how to ensure the NZP-CSI-RS are configured in the same slot(s) as NR PDSCH?
c) From the frequency-domain propoerty perspective:
The PRB aclloation of NR PDSCH transmisson is dynamically shceduled by DCI, but the CSI-RS bandwidth and frequency-domain starting position are provided as part of the CSI-RS configuration information.

To Apple:
Firstly, we don’t think 2-3dB delta for all UEs in the network is a small impact. For example, the following table shows the SINR-to-CQI mapping used for our CQI reporting simulation (for CQI table 1). 1~2 CQI index delta is observed with 2~3dB SINR difference. Does this imply HARQ failure for the 1st transmission?
In addition, the SINR delta may change with other system parameter settings such as smaller ISD.

	CQI index
	 SINR threshold (dB)

	
	

	1
	-5.4 

	2
	-4.6 

	3
	-3.4 

	4
	-1.1 

	5
	1.1 

	6
	2.9 

	7
	4.7 

	8
	6.4 

	9
	8.1 

	10
	10.2 

	11
	12.1 

	12
	14.3 

	13
	16.1 

	14
	18.0 

	15
	19.3 



Secondly, for the analysis from China Telecom, we use the INR levels which are used for the link simulation agreed in RAN4 #99e. Yes, it cannot represent all the UEs in the network, but it is not a corner case.

	Ericsson
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-1: Sync or async scenario for FDD
We support option 1, which is aligned with the agreement in WID. 

Issue 2-1-2: CBW and SCS for target and interference cells
We think it can be further discussed after we first agree on the candidate schemes. But anyway, we don’t want to introduce the scenario of TDD 15kHz at current stage. For the scenario of TDD 30kHz, it can be further discussed after RAN #93e. 

Issue 2-1-3: MCS for target NR PDSCH
We support to only consider MCS 4 and 13(exclude MCS19). Down selection can be an option in the further discussion.

Issue 2-1-4: Performance measurement for scenario 2
We agree that the length of PDSCH symbol should be at least the same before we have a comparison.  So we propose to select L=9 for no RM in scenario 2 and use option 2 as criteria to re-evaluate the performance since L=11 is optional. 

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
Generally we are interested in have some studies or evaluation on the impact to PDCCH. But we also understand that if we considering PDCCH requirement it might indicate that the UE needs to cancel the CRS interference at the PDCCH demodulation part, which might be a challenge. Anyway, we are fine to deprioritize it and we are open for further study after RAN #93e. 

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference 
We agree with Nokia that the mobility in the CRS-RM and CRS-IM should be studied, since it is a  more practical scenario compared with static one. 

Issue 2-2-2: PDSCH loading level on interference cell
OK with option 1.

Issue 2-2-3: Time offset and frequency shift for sync network
OK with option 1.

Issue 2-2-4: Interference power level modelling
We are not very clear about the scenario mentioned by MTK. Also, it needs to be further analysed whether this scenario is reasonable or typical.

Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-1: Summary of link-level simulation results for NR PDSCH
From link level simulations, we saw benefits from CRS-IM over RM schemes for both two scenarios. 

Issue 2-3-1A: Summary of system-level simulation results for NR PDSCH
Actually, we are very curious on why the Rel-16 RM (second pattern) performs better than CRS-IC when NR traffic dominates, which not aligned with our observations?
It is hard to decide based on the system level evaluations as too many aspects we need to consider and have alignment before making any agreements. 
For example, in the system level evaluation, we need some configuration alignment like how many users will do the IM? Does the User in the center do the IM too? How to measure the whole system throughput because we know that using average seems not fair enough.

Issue 2-3-2: Impact on LTE cell due to interference cell RM
We have the same observation as Intel and Huawei. We prefer option 1. 

Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
We support option1. First from link level simulations, we see performance gain from CRS-IM over the rate-matching schemes. Rate-matching will reduce the maximum throughput due to overhead. 
Maybe we can consider LLR weighting since it has similar (with CRS-IC) or second best performance during the evaluation and also UE does not need to require additional network assistance information signalling. 

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
We support option 2. 
First, we are questionable on the performance difference between with and without network assistance information signalling since we don’t see how ‘without NW assistance info.’ will impact the PDSCH demodulation. Is there any connection between PBCH with PDSCH in the simulation? Even so there still should not be any impact since the threshold for PBCH demodulation is -6dB. Does companies add some CRS information error into the simulation? What exactly the ‘without network assistance information’ is modelled? 
Based on unclear modelling of without network assistance information signalling, we think no performance difference, as showed in Huawei’s contribution, is more reasonable. 

Second is that if we consider LLR weighting, it is based on the CRS interference power estimation, so that the scaling won’t be affected a lot due to CRS muting. 

And the third is that it is risky that UE does not do the detection by themselves. Because in practical, the UE is moving and the dominant cell is changing. The network signalling will have some delay and that will result in mis-match to what UE is experiencing for the interference cell. And that will result in severe performance degradation. 

Issue 2-4-2: UE processing time impact of CRS-IM
We agree with Intel’s observation that lower coding rate (as we discussed for QPSK and 16QAM) should not have processing time issue. 
Moreover, processing time also depends on the exact scheme we choose. For LLR weighting, it(UE processing time) won’t be a bother. 


	Intel
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-2: CBW and SCS for target and interference cells
10 MHz CBW is used for TDD LTE-NR coexistence requirements. Same time, we are fine to consider 20 MHz for TDD 15 kHz SCS scenario
Based on our understanding, the UE CRS-IM processing will be the same for FDD and TDD cases with 15 kHz SCS, because UE may assume that neighbouring cells have aligned UL/DL patterns and detection is not needed. In case UL/DL patterns are not aligned in neighbouring cells, inter-cell DL interference may cause big impact on UL performance, which will lead to reduction of system. Therefore, we assume that scenario with non-aligned UL/DL patterns is not practical.
As for TDD 30 kHz, we think that more analysis is needed to understand whether we can achieve any benefits by CRS-IM or CRS-RM solutions. Same time, we are fine to consider 40 MHz CBW for such analysis.

Issue 2-1-3: MCS for target NR PDSCH
Based on our understanding, the final MCS can be selected during requirements definition stage. Therefore, we suggest to keep it open and decide later based on simulation results.
Same time, we don’t see any issue with achieving of maximum throughput for MCS 19.

Issue 2-1-4: Performance measurement for scenario 2
For scenario 2, configuring of CRS-RM leads to significant reduction of available PDSCH resource elements and, as result, reduction of peak throughput. This aspect should be taken into account in the performance measurement methodology. Based on our understanding, relative throughput improvement is on of potential metric which can be considered for this case. As for SNR point, we suggest to use 70% of maximum throughput for scenario without CRS-RM and without CRS-IM processing (i.e. only MMSE), because this is the baseline scenario which we are going to compare with other enhanced solutions.

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
Option 3 is fine for us.

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference 
Based on our understanding, such scenario with changing of dominant interference cell can be considered only for evaluation purpose. Same time, we think that we should not consider such scenario for requirements definition. We think that Case B from previous meeting WF can be used to model the mobility scenario.

Issue 2-2-2: PDSCH loading level on interference cell
Option 1 is fine for us. Same time, we are also fine to keep this open for now and make final conclusion during the requirements definition stage.
To Apple: Based on our understanding, we should consider the 20% loading for each gNB with independent random PDSCH allocation selection.

Issue 2-2-3: Time offset and frequency shift for sync network
Option 1 is fine for us.

Issue 2-2-4: Interference power level modelling
We are fine to check the CRS-IM performance for another INR conditions during the requirements definition phase. We can check different INR options from LTE CRS-IM TR depending on conclusion on loading level.

Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-1A: Summary of system-level simulation results for NR PDSCH
We really appreciate the effort from AT&T to provide the system level analysis. But before the including of this analysis in the TP, we suggest to have more detailed discussion on system level simulation assumptions and, at least, have input from several companies to see whether observations are aligned on not.

Issue 2-3-2: Impact on LTE cell due to interference cell RM
Based on our understanding, taking into account that depending on transmission mode LTE UE will use CRS for demodulation and CSI reporting, we should expect impact on DL performance due to overestimation of SINR conditions in case CRS RM will be configured in the neighbouring cell. We understand that in the real field the impact will depend on UE position (cell centre or cell edge). To analysis the overall impact on performance, the system level analysis is needed. However, due to limited time, we cannot execute such comprehensive analysis. Therefore, this meeting we suggest just to list the observations with common understanding on this issue.
Summary of observations from Recommended WF looks fine for us. Probably we can also include sentence that CRS is used for PDSCH demodulation processing for TMs 1-6.
====== August 19 ===
Please find below our understanding of methodology which was used for calculation of SINR difference from China Telecom.
· Case 1: No RM: 
· Case 2: Serving Cell CRS overlaps with 1 cell CRS RM: 
· Case 3: Serving Cell CRS overlaps with 2 cells CRS RM: 
In case we calculate SNR difference for Case 1 and Case 2 for INR1 = 10.45dB and INR2 = 4.6 dB: 


In case we calculate SNR difference for Case 1 and Case 3 for INR1 = 10.45dB and INR2 = 4.6 dB: 



Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
Support Option 1. 
Based on our analysis, CRS-IM provides same or better performance in comparison to CRS-RM solutions depending CRS-IM technics. Also, in comparison to CRS-RM, definition of requirements for CRS-IM does not require further analysis with impact on LTE performance.
Another point, multiple CRS rate matching patterns configuration is optional Rel-16 feature which was introduced for Multi-TRP operation. Therefore, in case we will assume that CRS-RM can be used for CRS interference mitigation, network need to select whether to apply Multi-TRP operation or CRS interference protection for UE which support such Rel-16 feature.
As for exact CRS-IM scheme, at current stage we support Option 1A (CRS-IC), because this scheme provides the best performance and is used by LTE UE. In case we will define requirements for LLR weighting, it will be slightly strange that more advanced UE uses less advanced scheme for CRS interference handling. However, based on our analysis of UE processing time, CRS-IC does not lead to significant increasing of UE complexity (in case we compare for how many REs UE needs to make the channel estimation for CRS-IC processing and for baseline PDSCH demodulation processing). Same time, we are also fine not to specify the exact CRS-IM scheme at current stage and decide the receiver assumptions during the requirements definition stage.

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
Support Option 1. 
We don’t expect big impact on RAN2 work in case such signalling will be introduced. RAN4 can provide clear information on required parameters and these parameters can be easily included in 38.331.
Also, we think that to reach consensus between different camps we can discuss the middle solution between “Full NW assistance” and “No NW assistance”. In our paper, we have proposal on “light” NW assistance which at least include information about presence on CRS interference to avoid always ON detection of CRS interference at the UE side, which is not required for all scenarios.
Same time, we think that the final decision on network assistance can be made during the requirements definition phase.

Issue 2-4-2: UE processing time impact of CRS-IM
Support Option 1.
Based on our understanding, channel estimation for CRS-IC is required for 16 (4 CRS ports) or 12 (2 CRS ports) REs per PRB per slot. Same time, based on our review of RAN 1 assumption for UE processing time calculation, UE is required to make processing of 4 layers, 256QAM modulation and 3300 active subcarriers (~ 50 MHz with 15 kHz). The typical scenarios for activation of CRS-IM receiver are Rank 1 with QPSK or 16QAM modulation. Therefore, we think that UE have sufficient budget to apply channel estimation for CRS-IC processing for the typical scenarios and can easily meet the PDSCH processing time requirements.
Also, assuming that requirements will be defined for 10 MHz or, even, 20 MHz, we don’t expect any impact on PDSCH processing time during the testing.


	CMCC
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-1: Sync or async scenario for FDD
We agree with Option1

Issue 2-1-2: CBW and SCS for target and interference cells
Recommended WF is fine for us. 
For TDD 15kHz scenario, use 20MHz
We prefer to include TDD 30kHz 40MHz scenario earlier, while if other companies prefer made the decision after RAN#93e, we can give our compromise.

Issue 2-1-4: Performance measurement for scenario 2
As mentioned by other companies, the max TP of RM and IM are not aligned.  Hence, comparing the SNR of 70% max_TP of RM/IM/reference is not fair, and the results are not valid.
For SNR improvement, we think the following two schemes can be used:
Alt 1(Option 2) Comparing the SNR of different schemes at 70% of the max TP with CRS-RM, i.e., L = 9 or 11
Alt 2(Intel) Comparing the SNR of different schemes at 70% of the max TP with reference.
We prefer Alt2, which seems more reasonable, since the current practical scenario use reference (i.e MMSE) to demod, and this is the baseline when we investigate the SNR/TP improvement.
For TP improvement
If we use Alt 2 for SNR improvement, we think the TP improvement can be reflected in the Alt2’s results. However, we think a clarification of the maximum TP of IM is equal to the maximum TP of Reference and larger than the maximum TP of RM can be captured.

	----August 19---
For the first bullet of recommended WF, we think whether the misaligned results will be captured or not should be further discussed
Based on our observation, there is a big gap between the results of Apple and the results of other companies, even the reference results also exist a big gap. If we will reach a conclusion at last, such as the SNR gain is between xxdB—xxdB, then the SNR results should be at least based on same simulation assumption and similar reference results, or else, we think this kind of conclusion is incorrect.
Therefore, we suggest to further check the misaligned results and do not capture the misaligned results into the TP in this meeting.



Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
We can compromise to Option 3.

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference 
The change of dominant interference is more closer to practical scenario, we are open to have more investigation.

Issue 2-2-2: PDSCH loading level on interference cell
Option1.

Issue 2-2-3: Time offset and frequency shift for sync network
Option 1 can be a baseline.

Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-1: Summary of link-level simulation results for NR PDSCH
We observed in Apple’s evaluation results that there exist performance loss between Scheme#4(IC with NW assistance) and Scheme#5(IC without NW assistance), the performance loss even exsit between reference and Scheme#5(IC without NW assistance).
According to Apple’s clarification that the span could be due to PDCCH errors. We think we should not consider this error in this stage for alignment and focus on the PDSCH performance. As for PDCCH, first, we did not achieve the PDCCH simulation assumption before, so the results are not aligned. Second, we will further discuss whether to define CRS-IM requirement for PDCCH(Option 2/3 for Issue 2-1-5 ) or the design of PDCCH ensures that it is robust to resist the CRS interference(Option 1 for Issue 2-1-5, support by HW/Apple/QC), both will avoid PDCCH error.

Issue 2-3-2: Impact on LTE cell due to interference cell RM
We share simalar views with CTC and Intel, RM will introduce some issues to CSI measurements and so on.
Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
We prefer Option1. The rate matching scheme will reduce the resource utilization. 

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
Option 2.

Issue 2-4-2: UE processing time impact of CRS-IM
We agree with Option 1.
For 15kHz FDD, available spectrum is relatively small, 50MHz is not a common case in practical deployment. Besides, 4-layer and 256QAM need quite high SNR which cannot be achieved by interference scenario. Therefore, based on Intel’s clarification of processing time, we think the UE processing time will not be impacted by CRS-IM.

	MediaTek
	Sub-topic 2-1: General scenarios and evaluation assumptions
Issue 2-1-2: CBW and SCS for target and interference cells
We share the same view as Huawei that no NR TDD with 15kHz is used for PDSCH in real network. Also, for TDD 30kHz with IM schemes, we think it is challenging for UE to perfrom dual FFT processing for NR TDD 30kHz and LTE 15kHz. If it is agreed to consider TDD 30kHz, we prefer to discuss RM only.  

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
Support Option 1.

Sub-topic 2-2: Interference modeling
Issue 2-2-1: Modelling of the change of dominant interference 
We do not support to consider case B as it is not necessary to consider the effect of mobility in the link level simulation. 

Issue 2-2-2: PDSCH loading level on interference cell
Support Option 1.

Issue 2-2-3: Time offset and frequency shift for sync network
Support Option 1.

Issue 2-2-4: Interference power level modelling
Our intention is to have more INR and/or more MCS values for evalutaion before concluding that IM is always outperforming RM. We understand that 256QAM with 4 layers may not be a typical case, but we also provide other cases, such as 16QAM, MCS 13 in our contribution. As for the high INR values, we consider the UE is located near the cell center and at the sector edge. The UE with high interference from the neighbor LTE sector but with high SNR as it is closed to the serving NR cell.

[image: ]


Sub-topic 2-3: Candidate schemes for interference CRS handling
Issue 2-3-1-1: Further discuss the model with and without NW signalling 
For RM, the rate matching pattern is always indicated by gNB. However, for IM schemes, it is necessary to align the assumptions for “with” and “without NW signalling”. With NW signalling, we think UE should know following information of LTE neighbor cell from NW:
· Neighbor Cell-ID
· LTE occupied RBs
· Number of CRS ports 
· LTE MBSFN subframe configuration
It is more controversial for the case “without NW signalling”. We think there are two possibilities:
1. NW does not tell UE the information mentioned above explicitly and UE needs to decode the signal of LTE to obtain the related information. For example, to have the neighbor cell-ID and number of CRS port, UE must try to decode the PBCH of LTE.
2. NW does not tell UE the information mentioned above and UE perform IC or LLR weighting without the above information.

For the first possibility, should we simulate PBCH decoding in the simulation? Or we just assume that the PBCH decoding is not the bottleneck. If it is assumed that all above information can be obtained by decoding the signal of LTE and the corresponding decoding process is not simulated, we think the performance of “with” and “without” NW singling will be same. However, it will increase UE complexity and power consumption to decode the signal of LTE. 

For the second possibility, we think it is impossible to perform CSR-IC as UE does not know the CRS sequence depending on the neighboring ID.
Could companies provide understanding about “without NW signalling”?

Issue 2-3-1-3: Performance comparison among CRS-IC and LLR weighting schemes as well as the comparison of different RM schemes.
To have more insights about the gain of CRS-IM schemes with and without NW assistance, we think the gain of CRS-IM with and without NW assistance should be separated. 
-	For CRS-IM using CRS-IC with NW assistant signaling (Scheme #4), the gain over the reference scheme is …
-	For CRS-IM using CRS-IC without NW assistant signaling (Scheme #5), the gain over the reference scheme is … 
-	For CRS-IM using LLR weighting with NW assistant signaling (Scheme #6), the gain over the reference scheme is …
-	For CRS-IM using LLR weighting without NW assistant signaling (Scheme #7), the gain over the reference scheme is … 

Issue 2-3-1A: Summary of system-level simulation results for NR PDSCH
We share the same view as Apple that it’s helpful to capture system level study in the TR. And take the results of system level simulation into account for the decision of interference handling scheme.  

Issue 2-3-2: Impact on LTE cell due to interference cell RM
The impact on LTE UEs needs further investigation before concluding on a solution for CRS interference handling

Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
We support option 2. We need to consider more about the issues of network signalling and UE processsing timeline.

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
Support Option 1. 

Issue 2-4-2: UE processing time impact of CRS-IM
Based on our evaluation, CRS-IC impact heavily on the UE processing timeline. 

	KDDI
	Sub-topic 2-1: General scenarios and evaluation assumptions 
Issue 2-1-1: Sync or async scenario for FDD
We prefer agree Option 1.　 

Issue 2-1-2: CBW and SCS for target and interference cells
Regarding both NR TDD 15 kHz and 30kHz SCS scenario, we prefer Option 1. 

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
We prefer Option 3.

Sub-topic 2-3: Candidate schemes for interference CRS handling 
Issue 2-3-3: RAN4 recommended schemes for interference CRS handling
We prefer Option 1.

Sub-topic 2-4: Other WG impact
Issue 2-4-1: Network signalling assistance for CRS-IM
Network assistance requires additional operational efforts on network side, in that sense it may not be so preferable solution to operators.

	
	



TPs/draft LS
Note: To save time on typing the comments one by one, companies can also directly revise the TPs/LS and upload the revisions in the draft inbox.
	tdoc number
	Comment collection

	R4-2114415, MTK, TP on scenario
	China Telecom:
Please find our revision in: 
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_100-e/Inbox/Drafts/%5B100-e%5D%5B327%5D%20NR_perf_enh2_Demod_Part1/Revised%20TP%20and%20LS/TP%20on%20scenario/Revised%20R4-2114415%20TP%20to%20TR%2038.833%20Scenario_CTC.docx.
Summary of our updates:
1) Added a brief description on scenario 2.
2) Added description on the SCS, sync/async and number of CRS ports.
3) Suggest to add NR/LTE PDCCH in the figure for scenario 1.

	
	

	
	

	R4-211xxxx, QC, TP on Interference modelling
	Moderator’s note: the draft TP is in the link below:
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_100-e/Inbox/Drafts/%5B100-e%5D%5B327%5D%20NR_perf_enh2_Demod_Part1/Revised%20TP%20and%20LS/R4-211xxxx_TP_CRS-IM_Intf_Modelling.docx

	
	China Telecom:
Please find our revision in: 
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_100-e/Inbox/Drafts/%5B100-e%5D%5B327%5D%20NR_perf_enh2_Demod_Part1/Revised%20TP%20and%20LS/TP%20on%20Interference%20modelling/R4-211xxxx_TP_CRS-IM_Intf_Modelling_CTC.docx
Summary of our updates:
1) Added a brief description on the INR methodology
2) Editorial modifications

	
	

	
	

	R4-2113623, E///, TP on Receiver structure
	China Telecom:
Please find our revision in: 
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_100-e/Inbox/Drafts/%5B100-e%5D%5B327%5D%20NR_perf_enh2_Demod_Part1/Revised%20TP%20and%20LS/TP%20on%20Receiver%20structure/4.R4-210xxxx%20TP%20for%20CSI-IM%20receiver%20v3_CTC.docx 
Summary of our updates:
1) Since different options on the detailed signaling are proposed in this meeting, suggest to remove the details on signalling content.
2) Editorial modifications

	
	Qualcomm: Prefer to remove this bullet if CRS-IC is one of the schemes being considered:
“ •	UE shall meet NR PDSCH processing procedure time requirement defined in TS 38.214 5.3.”
Prefer to remove this sentence as some low/medium tier UEs may not have enough processing power to do this blind detection.
“UE is capable of blind detection of these prior information in the interference cells for LTE CRS-IM.”

	
	Apple: Some suggested corrections are uploaded.
Also suggest to include rate matching details for completeness since we say RM schemes are compared against CRS-IM

	
	

	R4-2113777, HW, TP on  simulation assumptions
	China Telecom:
Please find our revision in:
https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_100-e/Inbox/Drafts/%5B100-e%5D%5B327%5D%20NR_perf_enh2_Demod_Part1/Revised%20TP%20and%20LS/TP%20on%20%20simulation%20assumptions/Revised%20R4-2113777%20TP%20Simulation%20assumptions%20for%20CRS-IM%20receiver_CTC.docx
Summary of our comments:
1) For scenario 2, need to clarify the max TP is for with or without RM, after further agreement is reached.
2) The different CRS handling schemes for the two scenarios are introduced in both section 5.3.1 (HW TP) and 5.3.2 (Intel TP), maybe we only need to keep them in either 5.3.1 or 5.3.2.

	
	Qualcomm: In Table 2.2-1, unit of LTE BW is missing.
Scheme#2 was optional. So, it should not be here or should be mentioned as optional.

	
	Apple:
Antenna configuration shouldn’t include number of CRS ports
Suggest removing test metric in the simulation assumptions. Or re-word it as 70% max TP for reference. Test metric need not be the SNR improvement. 
Scheme 2 should be marked as optional or removed in TP.

	
	

	R4-2113129, Intel, TP on  Link level simulation results
	China Telecom:
1) The different CRS handling schemes for the two scenarios are introduced in both section 5.3.1 (HW TP) and 5.3.2 (Intel TP), maybe we only need to keep them in either 5.3.1 or 5.3.2.
2) To be updated based on the inputs to this meeting.

	
	Apple: 
“Basile scheme” should be Baseline scheme in tables
Scheme 2 was optional in WF, suggest removing it or marking it as optional.

	
	

	
	

	R4-2112227, CTC, TP on Summary of link level evaluation and conclusion 
	China Telecom:
To be updated based on the inputs to this meeting.

	
	Qualcomm: Since analysis on LTE cell impact was only provided by China Telecom, we prefer to keep that analysis as China Telecom’s opinion rather than RAN4’s. Also, we have suggested a way around this in our comment for Issue 2-3-2. So, that needs to be captured as well.

	
	Apple: 
Should scheme 2 be included in TP since this was optional for evaluation? 
Same comment as Qualcomm on LTE cell impact.
Is the plan to capture the agreements in Tuesday GTW in the TP?

	
	

	R4-2112226, CTC, draft LS to RAN plenary
	Apple: same comments as above for the draft LS.

	
	

	
	

	
	



Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic 2-1: General scenarios and evaluation assumptions
	Issue 2-1-1: Sync or async scenario for FDD
· WID description (RP-211135):
· Synchronous network scenario is prioritized. As second priority, RAN4 could evaluate the feasibility and usefulness of the asynchronous network scenario and specify if feasible and useful.
Summary of 1st round discussion:
· Option 1: Evaluate the scenario of asynchronous network after RP #93 meeting (Agreement in RAN4 #99e as well as in the WID, CMCC, E///, CTC, Nokia, KDDI)
· Option 1A: Discuss the scenario of asynchronous network after RP #93 meeting (QC)
· Option 2: Not to consider async NW assumption if CRS-IM is considered (Apple, [QC])
· Apple, HW: What would be the frequency and time offset considered for async network? Larger timing and frequency offset may affect the performance of different CRS-IM algorithms.
Tentative agreements:
· Discuss the scenario of asynchronous network after RP #93e meeting.
· 

Issue 2-1-2: CBW and SCS for target and interference cells
· WID description (RP-211135):
· 15 kHz SCS for NR is prioritized. RAN4 should evaluate the feasibility and usefulness of 30 kHz SCS for scenarios with LTE and NR deployed in neighboring BSs/areas and specify if feasible and useful.
Summary of 1st round discussion:
· Candidate options for NR TDD 15kHz SCS scenario
· Option 1: For TDD 15kHz scenario, use 10MHz and/or 20MHz bandwidth (CMCC, CTC, Intel, KDDI)
· Option 2: Do not consider case of TDD 15 kHz for CRS-IM (HW, E///, [MTK])
· HW, MTK: NR TDD with 15 kHz is not used for PDSCH in real network.
· Option 3: Evaluate TDD with 15 kHz for CRS-IM only if NW assistance is assumed. (Apple)
· Intel: Scenario with non-aligned UL/DL patterns is not practical.
· Option 4: Make decision after interference mitigation scheme is agreed (QC, E///)
· Candidate options for NR TDD 30kHz SCS scenario
· Option 1: Cover 30kHz SCS and 40MHz CBW for NR TDD (CMCC, KDDI)
· Option 2: Consider case of TDD 30 kHz only if CRS-RM is used ([Apple], MTK)
· Apple, MTK: In order to support CRS-IC with TDD 30KHz UE needs to support dual FFT processing for LTE and NR.
· HW: It is impractical to consider NR TDD 30kHz SCS for Scenario 1; It is too complex to consider NR TDD 30kHz SCS for Scenario 2
· Option 3: Decide whether to use 40MHz CBW for TDD 30kHz SCS after RAN#93e and other CBW configurations are not precluded (CMCC compromise, CTC, E///, [Intel])
· Option 4: Make decision after interference mitigation scheme is agreed (QC, E///)
Recommendations for 2nd round:
· Discuss whether it is a common understanding that UL/DL patterns/transmissions are aligned for NR TDD 15 kHz and 30 kHz SCS.
· Further discuss how to down-select the options.

Issue 2-1-3: MCS for target NR PDSCH
Summary of 1st round discussion:
· Candidate options
· Option 1: Focus on MCS 4 and MCS 13 for defining performance requirement after RAN #93e (E///)
· Option 2: Cover QPSK MCS 4 and 16QAM MCS 13, and decide whether to cover 64QAM MCS 19 in the normative phase, i.e., keep the last meeting’s agreement (CTC, Intel)
· CTC: For LTE HomNet CRS-IM, MCS 14 and MCS 19 are used for 2 CRS ports and 4 CRS ports respectively.
· Intel: We don’t see any issue with achieving of maximum throughput for MCS 19.
· Option 3: Focus on MCS 13 only (HW, QC, Apple)
· QC: 64QAM with Rank1 may not happen in the field.
· Apple: 1) For MCS 4 the operating SINR is very low and could have PDCCH decoding errors. 2) MCS19/64QAM may not be practical for interference limited scenarios.
Recommendations for 2nd round:
· Further discuss in the next phase (if there will be), and no further discussion in round 2.

Issue 2-1-4: Performance measurement for scenario 2
Summary of 1st round discussion:
· TBS difference for with and without RM in scenario 2
·  for TBS calculation per PRB
· With no RM (for the reference and IM schemes): 12 (symbol) x 12 (subcarrier)  - 12 (DMRS) = 132 
· With RM and without alternative DMRS (for the RM schemes): 9 (symbol) x 12 (subcarrier) - 12 (DMRS) - 18 (Overhead) = 78 
· With RM and with alternative DMRS (for the RM schemes): 12/11 (symbol) x 12 (subcarrier) - 12 (DMRS) - 18 (Overhead) = 114/102
· Note: further check in round 2 whether 11 or 12 symbols should be used. 
· Difference in symbol length is because the support of alternative DMRS is up to UE capability.
· Difference in Overhead for TBS determination is due to the overhead by RM.
· Summary for round 1 
· For SNR improvement
· Option 1: Use SNR @ 70% max TP for each scheme (Apple, QC)
· QC: none of the options are ideal at current stage.
· Option 2: Use SNR @ 70% max TP with CRS-RM, i.e., L = 9 or 11 (CTC, HW)
· Option 3: Use SNR @ 70% max TP with the reference scheme. (CMCC)
· Option 4: Use the same PDSCH allocation for both with and without RM. (Apple, E///)
· For relative throughput improvement
· Option 1: Compare the throughput of different schemes at the SNR which achieves 70% of the max TP for one dominant interference cell CRS-RM, i.e., scheme #1. (CTC)
· Option 2: Use SNR at 70% of maximum throughput for scenario without CRS-RM and without CRS-IM processing (i.e. only MMSE) (Intel)
Tentative agreement in GTW on August 19th (Pending further check on QC by Friday this week):
· Proposed compromise on how to capture the results in the TP (note: not impact the observations agreed in Aug 17 GTW):
· For the comparison of CRS-IM over the reference scheme: use option 3, i.e., SNR improvement @ 70% max TP with the reference scheme
· For CRS-RM:
· Do not capture the SNR or throughput performance into the TR in this meeting. 
· Meanwhile, generally capture the TBS difference for with and without RM, and for with and without alternative DMRS (as summarized above)
QC response on Friday: We are ok with this agreement as long as missing RM results is not used to show rate matching in a negative way in plenary report. We can update the TR with RM results in the next meeting. But we do need to discuss which simulation results (11 or 12 symbols?) to bring in for RM in the next meeting.

Agreements based on QC’s response:
· Proposed compromise on how to capture the results in the TP (note: not impact the observations agreed in Aug 17 GTW):
· For the comparison of CRS-IM over the reference scheme: use option 3, i.e., SNR improvement @ 70% max TP with the reference scheme
· For CRS-RM:
· Do not capture the SNR or throughput performance into the TR in this meeting. 
· Meanwhile, generally capture the TBS difference for with and without RM, and for with and without alternative DMRS (as summarized above)

Recommendations for 2nd round:
· Capture the simulation results (which are aligned) and the TBS calculation in the TP.
· Discuss 11 or 12 symbols can be used for PDSCH with RM and with alternative DMRS for scenario 2.
· Capture in the WF that companies are encouraged to bring results for RM schemes with symbol length of 11 or 12 in the next meeting. 

Issue 2-1-5: Whether to define neighbouring cell LTE CRS-IM requirement for PDCCH
Summary of 1st round discussion:
· Candidate options
· Option 1: Do not consider CRS-IM for PDCCH. (Apple, HW, QC, MTK)
· HW, Apple, QC: the design of PDCCH ensures that it is robust to resist the CRS interference 
· Option 2: Define neighbouring cell LTE CRS-IM requirement for PDCCH in Scenario 2 (CMCC)
· Option 3: Focus on NR PDSCH CRS-IM in this meeting and further check the need of NR PDCCH CRS-IM after RAN#93e (CTC, E///, Intel, CMCC as compromise, KDDI)
Recommendations for 2nd round:
Focus on PDSCH CRS-IM in this meeting. 


	Sub-topic 2-2: Interference modeling
	Issue 2-2-1: Modelling of the change of dominant interference 
Summary of 1st round discussion:
· Candidate options 
· Option 1: Consider Modelling of the change of dominant interference (Nokia, CTC, E///, Intel only for phase I evaluation)
· Option 1A (Nokia)
· Include mobility in the CRS-RM and CRS-IM simulations. 
· Case B can serve as a starting point for discussion, to find a compromise that includes mobility modelling with dynamic interference. i.e., dynamic change of dominant interferer conditions.
· Based on simulations and feedback from companies for case A and B, decide the mobility/dynamic interference scenarios for the performance requirement definition.
· Option 1B: Use case B as start point on modelling of changing of dominant interferer(s) (CTC, E///, [Nokia], Intel only for phase I evaluation)
· Option 2: Discuss more practical interference modelling only if RM scheme is agreed as the solution for CRS interference handling (HW)
· Nokia: We would expect that IM schemes are impacted by dynamic interference scenarios depending on the level of NW assistance assumed.
· Option 3: Not to consider Modelling of the change of dominant interference, i.e., only use case A (QC, Apple, MTK)
· QC: Case B is a very artifical test where UE is hopping every slot such that those two interfering cells exchange their interference levels.
· Apple: In case we consider dynamic interference, it should also include the case where the dominant interference RM pattern is switched via RRC re-configuration. Also, if NW assistance is assumed, the assistance info can also be updated via RRC re-configuration.


No consensus on whether or not to improve the model in case B in the next phase (if there will be).
Recommendations for 2nd round:
No further discussion in round 2. If needed, interested companies can bring proposals on this issue in the next phase (if there will be).

Issue 2-2-2: PDSCH loading level on interference cell
· Agreement in RAN4 #99e (R4-2108662):
· PDSCH loading level on interference cell
· In time domain, probability of occurrence of data transmission in interference cells: simulate 20%, and it is also encouraged to simulate 0%, 50% and 100%.
· In frequency domain: full bandwidth allocation.
Summary of 1st round discussion:
· Candidate options: 
· Option 1: Consider only 20% interference cell PDSCH loading level for requirement definition after RAN #93e. (E///, HW, CTC, Apple, Intel, CMCC, MTK)
· Apple: Need to clarify if the total interference from 2 LTE aggressor cells is 20% or independently 20%?
· Intel: To Apple, we should consider the 20% loading for each gNB with independent random PDSCH allocation selection.
· Option 2: Further discuss in the requirement phase (QC, Intel)
Recommendations for 2nd round:
· Further discuss in the next phase (if there will be), and no further discussion in round 2.

Issue 2-2-3: Time offset and frequency shift for sync network
· Candidate options: 
· Option 1: use the following as baseline (HW, CTC, Apple, E///, Intel, CMCC, MTK)
· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
· Option 2: Further discuss in the requirement phase (QC)
Recommendations for 2nd round:
· Further discuss in the next phase (if there will be), and no further discussion in round 2.

Issue 2-2-4: Interference power level modelling
· Candidate options: 
· Option 1: Consider more scenarios for the performance evaluation of different CRS interference handling schemes (MTK, Apple, Intel)
· CTC, HW, E///: Need clarification on: why 1 interference cell with INR = 25 dB is used? Are 256QAM with up to 4 layers typical?
· Intel: We can check different INR options from LTE CRS-IM TR depending on conclusion on loading level.
· MTK: 1) We understand that 256QAM with 4 layers may not be a typical case. 2) As for the high INR values, we consider the UE is located near the cell center and at the sector edge. The UE with high interference from the neighbor LTE sector but with high SNR as it is closed to the serving NR cell
Recommendations for 2nd round:
· Further discuss in the next phase (if there will be), and no further discussion in round 2.


	Sub-topic 2-3: Candidate schemes for interference CRS handling
	Issue 2-3-1: Summary of link-level simulation results for NR PDSCH
Summary of 1st round discussion:
Session Chair (in GTW on August 17th):
We target to conclude the candidate schemes for CRS interference handling based on the collected results with initial evaluation simulation assumption and other aspects i.e. processing time impact, impact on LTE UEs, and impact on NW assistant signalling; and make conclusions to report to RAN-P based on all the analysis we have including the observations from evaluation performance comparison. 
It’s also encouraged companies to take effort on the clarification and alignment for the results and the assumptions during this meeting. 
The exact test configuration and simulation alignment can be further addressed in requirements definition phase if any. 
Agreement in GTW on August 17th:
Initial observations from link-level evaluation results based on agreed simulation assumption: 
· CRS-IC with the assumption of NW signaling can achieve better performance compared to RM scheme 1 
· CRS-IC without NW assistant signaling achieve similar or lower performance compared to CRS-IC schemes with the assumption of NW signaling
· LLR weighting with the assumption of NW signaling can achieve better or similar performance compared to RM scheme 1 
· LLR weighting without NW assistant signaling achieve similar or lower performance compared to LLR weighting with the assumption of NW signaling
· Note: RM scheme 1 is under the assumption that RM always applied for the strongest interference cell 
Further discuss the performance comparison among CRS-IC and LLR weighting schemes
Further discuss the model with and without NW signalling 
Tentative agreements:
· Calibration of simulation results 
· For companies whose results for the reference scheme are not aligned (as highlighted by yellow in section 2.2.3 for scenario 1), it is recommended to capture the results into the TP in the next meeting.
· Simulation results for scenario 2 will be calibrated earlier next week.
· Towards the next meeting, further check the simulation setup such as whether MMSE-IRC is enabled, and whether the power ratio of CRS RE and LTE PDSCH RE is 0 dB 
· Performance comparison among CRS-IC and LLR weighting schemes as well as the comparison of different RM schemes.
· Directly summarize the exact numbers for the SNR/throughput gains of each simulated schemes, to avoid further discussion on which is “better” or “worse”.

Recommendations for 2nd round:
· Further discuss the model with and without NW signalling if needed 
· Capture the following text in the TP:
-------- Summary of link-level simulation results (GTW agreements are marked in green) -------- 
According to the PDSCH link-level simulation results for 15 kHz SCS and synchronous network, the performance gain of CRS-RM and CRS-IM schemes over the reference scheme without interference cell CRS handling can be summarized as follows:
•	In Scenario 1 with LTE and NR DSS:
-	For Rel-16 CRS-RM for 1 interference cell always with the strongest interference (Scheme #1), the gain over the reference scheme is 1.07 dB to 1.95 dB.
-	For Rel-16 CRS-RM for 1 interference cell not always with the strongest interference (Scheme #2), there is no obvious gain over the reference.
-	For Rel-15 RB symbol level CRS-RM for 2 interference cells (Scheme #3), the gain over the reference scheme is 1.6 ~ 2.38 dB for MCS 4, and there is no obvious gain for MCS 13 over the reference.
-	For CRS-IM using CRS-IC with and without NW assistant signaling (Scheme #4 and #5), the gain over the reference scheme is 2.16 dB ~ 4.7 dB. 
-	For CRS-IM using LLR weighting with and without NW assistant signaling (Scheme #6 and #7), the gain over the reference scheme is 1.15 dB ~ 2.81 dB.
•	In Scenario 2 with NR and LTE deployed in neighbouring BSs/areas:
-	<< To be added >>
Initial observations from link-level evaluation results based on agreed simulation assumption:
· CRS-IC with the assumption of NW signaling can achieve better performance compared to RM scheme 1 
· CRS-IC without NW assistant signaling achieve similar or lower performance compared to CRS-IC schemes with the assumption of NW signaling
· LLR weighting with the assumption of NW signaling can achieve better or similar performance compared to RM scheme 1 
· LLR weighting without NW assistant signaling achieve similar or lower performance compared to LLR weighting with the assumption of NW signaling
· Note: RM scheme 1 is under the assumption that RM always applied for the strongest interference cell 

Issue 2-3-1A: Summary of system-level simulation results for NR PDSCH
Summary of 1st round discussion:
· Whether to capture the system level assumptions and results to the TP?
· Option 1: Yes (Apple, MediaTek)
· Option 2: Need to discuss the system simulation assumptions (HW, E///, Intel)
Moderator’s observation:
No consensus is reached on whether to capture the system level assumptions and results to the TP, and the main issue is due to lack of agreements on the assumptions.
Meanwhile, it is observed that the condition to turn on CRS-IM is a factor worth further discussion.
Recommendations for 2nd round:
As one action point for the next phase (if there will be), capture the following in the WF:
· Companies are encouraged to provide insights on the condition that CRS-IM is turned on, for CRS-IC and LLR weighting respectively.

Issue 2-3-2: Impact on LTE cell due to interference cell RM
Agreement in GTW on August 19th:
RAN4 initial observations for LTE cell impact with Rel-15/16 RM: 
· Due to RM applied in interference cells, the CRS REs and data REs under LTE cells will observe different interference level with SINR offset.
· From one company result and analysis (can be further clarified in this meeting):
· Based on the INR levels used for RAN4 link-level simulation, for UE at 5% geometry, the delta of SINR observed at CRS RE and data RE is 5.86 dB and 11.75 dB for one dominant interference cell CRS-RM and two interference cell CRS-RM respectively.
· Based on the system level simulation for ISD of 1000m from one company in R4-2115629 , the average delta of SINR observed at CRS RE and data RE is ~2.5 dB to ~4.5 dB for one dominant interference cell CRS-RM and two interference cell CRS-RM respectively.
· The interference mismatch among CRS REs and data REs may bring impact on LTE cells considering the following aspects:
· LTE CQI/RI/PMI is computed based on CRS for TM 1-8 and certain configuration of TM9 (when the parameter pmi-RI-Report is not configured by higher layers for TM9).
· CRS is used for LTE PDSCH demodulation processing for TMs 1-6.
· LTE RSSI is measured only from OFDM symbols containing CRS port 0 of measurement subframes unless indicated otherwise by higher layers, and it can be measured from all OFDM symbols of the DL part of measurement/indicated subframes if indicated by higher layers. LTE RSRQ is calculated based on RSRP and RSSI.
Summary of 1st round email discussion:
· SNR difference due to interference cell RM based on the INR levels for RAN4 link-level simulation
· Intel confirmed the above numbers, Apple want to further check in round 2.
· Another approach to reduce the impact on LTE UE: gNB to apply rate matching and also transmit signal energy in rate matched REs so that LTE UE still sees the interference. (QC, Nokia)
· HW: We are wondering if it is a feasible NW scheduling method.
Recommendations for 2nd round:
· For the SNR difference due to interference cell RM based on the INR levels (1st sub-bullet highlighted by yellow above), further check whether we need to add “from one company or N companies”.
· Further discuss the implementation based approach to reduce the impact on LTE UE.


	Sub-topic 2-4: Other WG impact
	Issue 2-4-1: Network signalling assistance for CRS-IM
Summary of 1st round discussion:
· Option 1: Introduce network assistance on neighbour cell LTE configuration (Apple, QC, Intel, MTK)
· Proposals on signalling content
· Option 1A: NW assistance information includes: Neighbor Cell-ID, LTE carrier frequency, LTE channel BW, Number of CRS ports, LTE MBSFN subframe configuration  (Apple)
· Option 1B: NW assistance information includes: interfering LTE cell’s cell ID, number of CRS ports, MBSFN configuration, and CRS muting information (QC)
· Option 1C: Light network assistance signalling, at least information about presence of CRS interference, FFS on the other information (Intel)
· Option 2: Do not consider network assistant information. (CMCC, CTC, E///, HW, Nokia, KDDI)
Recommendations for 2nd round:
Given the strong views from both sides, no further discussion in round 2.

Issue 2-4-2: UE processing time impact of CRS-IM
Summary of 1st round discussion:
· Option 1: UE PDSCH processing timeline should not be impacted by CRS-IM (CTC, Intel, E///, CMCC)
· Intel: Using of CRS-IM receiver does not have impact on PDSCH processing time.
· PDSCH processing time requirements were defined under assumption of 4-layer processing with 256QAM and 3300 active subcarriers (~ 50 MHz with 15 kHz).
· Typical scenarios for CRS-IM receiver are Rank 1 with QPSK or 16QAM modulation.
· CMCC: For 15kHz FDD, available spectrum is relatively small
· Option 2: UE PDSCH processing timeline is not impacted by LLR weighting, and (may) be impacted by CRS-IC (QC, MTK, HW, Apple)
· QC: 1) UE processing time could increase up to 1ms for CRS-IC scheme, if we keep the UE power and processing cycles the same since UE will have to run CRS channel estimation on top of NR DMRS channel estimation. 2) UE processing time analysis cannot be restricted to certain regimes
· Apple: Impact to UE processing and complexity without network assistance for detection and MIB decoding of LTE interference cells is not reflected in UE processing timeline.

Agreement in GTW on August 19th:
UE PDSCH processing timeline is not impacted by LLR weighting. 

Recommendations for 2nd round:
· Further discuss the UE PDSCH processing timeline for CRS-IC. FFS whether the discussion can be separated for different PDSCH configurations such as:
· Rank 1, QPSK and 16QAM, 20MHz CBW 
· Higher rank, higher modulation order,  20MHz CBW




Discussion on 2nd round

Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	TP to TR 38.833: Interference Modeling for LTE CRS-IM
	Qualcomm Incorporated
	The draft version has been uploaded and reviewed by the group.

	LS on RAN4 evaluation for LTE CRS interference handling for NR UE
	China Telecom
	To: RAN Plenary

	WF on CRS interference handling in scenarios with overlapping spectrum for LTE and NR
	China Telecom
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2112107
	Discussion on CRS interference mitigation in NR
	Apple
	Noted
	

	R4-2112108
	Simulation results for CRS interference mitigation in NR
	Apple
	Noted
	

	R4-2112151
	Simulation result collection for CRS interference handling
	China Telecom
	Return to (not uploaded)
	

	R4-2112152
	Simulation results for CRS interference handling
	China Telecom
	Noted
	

	R4-2112211
	Discussion on LTE CRS-IM
	CMCC
	Noted
	

	R4-2112223
	Updated work plan for Further enhancement on NR demodulation performance WI
	China Telecom
	Approved
	

	R4-2112224
	Draft TR 38.833 v0.1.0: Further enhancement on NR demodulation performance
	China Telecom
	For email approval
	

	R4-2112225
	TP to TR 38.833: Skeleton for the section on LTE CRS interference handling
	China Telecom
	Approved
	

	R4-2112226
	Discussion and draft LS on CRS-IM for NR UE in LTE/NR co-existence scenarios
	China Telecom
	Noted
	

	R4-2112227
	TP to TR 38.833: Summary of link level evaluation and conclusion for CRS-IM
	China Telecom
	Revised
	

	R4-2112300
	Evaluation on CRS interference in scenarios with overlapping spectrum for LTE and NR
	Nokia, Nokia Shanghai Bell
	Noted
	

	R4-2112316
	Systems level evaluations on CRS interference in scenarios with overlapping spectrum for LTE and NR
	AT&T
	Noted
	

	R4-2112332
	Views on CRS Interference Mitigation in NR
	Qualcomm Incorporated
	Noted
	

	R4-2112333
	Simulation Results for CRS Interference Mitigation
	Qualcomm Incorporated
	Noted
	

	R4-2113121
	Discussion on CRS interference handling in scenarios with overlapping spectrum for LTE and NR
	Intel Corporation
	Noted
	

	R4-2113129
	TP to TR 38.833: Link level simulation results for LTE CRS interference handling for NR UE
	Intel Corporation
	Revised
	

	R4-2113621
	Discussion on MMSE-IRC receiver for CRS interference
	Ericsson
	Noted
	

	R4-2113622
	Simulation results on PDSCH performance for CRS interference
	Ericsson
	Noted
	

	R4-2113623
	TP to TR 38.833: Receiver structure for CRS-IM performance
	Ericsson
	Revised
	

	R4-2113775
	Discussion on open issues for CRS-IM receiver
	Huawei,HiSilicon
	Noted
	

	R4-2113776
	Simulation results for CRS-IM receiver
	Huawei,HiSilicon
	Noted
	

	R4-2113777
	TP: Introduction of simulation assumptions for CRS-IM receiver
	Huawei,HiSilicon
	Revised
	

	R4-2114041
	Discussion on PDSCH requirements for CRS-IM
	MediaTek inc.
	Noted
	

	R4-2114415
	TP to TR 38.833 Scenario for LTE CRS interference handling for NR UE
	MediaTek inc.
	Revised
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-210xxxx
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-210xxxx
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents

[bookmark: _Toc79478152]Annex 
Contact information
	Company
	Name
	Email address

	Nokia, Nokia Shanghai Bell
	Karsten Petersen
	Karsten.petersen@nokia-bell-labs.com

	Apple
	Manasa Raghavan
	Manasa.raghavan@apple.com

	Intel
	Dmitry Belov
	dmitry.belov@intel.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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