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Introduction
In RAN#88e meeting the work areas of RAN4 R17 non-spectrum related WI/SIs was endorsed in [1]. One of the working area is Rel-17 Demodulation. Before RAN#89E, the email discussion for this working area was triggered and the summary was provided in [2].

Topic #1: UE Demodulation/CSI requirements
Initial round
Candidate objectives
The following candidate objectives were identified based on pre-plenary e-mail discussion:
Objective 1-1: UE interference-aware receivers for Scenario a): Inter-cell interference
· Type of requirements: 
· Define PDSCH demodulation requirements
· Further decide whether to introduce the corresponding CQI reporting requirements during the WI
· SCS and slot duration
· Scenario 1: Slot-based transmission and aligned SCS among cells 
· [Scenario 2: Non-slot-based transmission and/or different SCSs among cells]
· Further discuss the assumptions for requirements definition
· Reference receiver: 
· For scenario 1: MMSE-IRC with DMRS based interference covariance estimation
· Note: use the DRMS for target UE’s PDSCH.
· [For scenario 2: MMSE-IRC. Interference covariance estimation method is FFS]
· Target frequency: FR1
· Rx antenna number: 2Rx and 4Rx 
· Interference profile
· Reuse LTE interference profiles as a starting point
· Other interference profiles are not precluded
· TRS/CSI-RS/DMRS configuration
· Further discuss and decide whether TRS/CSI-RS are collided among cells during the WI
· Further discuss and decide whether DMRS is colliding with TRS/CSI-RS of interfering cell during the WI
· [bookmark: _Hlk50985317][Further discuss and decide whether suppression or cancellation on interfering cell’s CSI-RS/TRS is needed during the WI]
· As baseline, avoid network assistance and/or restriction.

Objective 1-2: UE interference-aware receivers for Scenario b): Inter-layer interference for SU-MIMO
· Phase I: Study on the reference receiver structure for (iterative) soft IC and evaluate the performance benefit over R-ML, by taking into account the implementation complexity and processing delay
· Phase II: Define the requirements if needed based on the outcome of phase I
· Target frequency: FR1, FR2
· Number of data layers: up to 4 for FR1; 2 for FR2
· Rx antenna number: 2Rx and 4Rx for FR1; 2Rx for FR2 
· Modulation order and spatial correlation level: further discuss and decide during the WI

Objective 1-3: UE interference-aware receivers for Scenario c): Intra-cell inter-user interference for MU-MIMO
· Phase I: Evaluate the performance under practical MU-MIMO interference profile for the candidate reference receiver including MMSE-IRC receiver.
· Further discuss and decide the interference covariance estimation method during the WI
· Phase II: Define the requirements if needed based on the outcome of phase I
· Target frequency: FR1
· Rx antenna number: 2Rx and 4Rx for FR1

Objective 1-4: NR PDSCH demodulation requirements for handling neighboring cell CRS in LTE-NR coexistence scenarios
· Candidate reference receivers include neighboring cell CRS-IC [and LLR de-weighting]
· Further discuss and decide if network assistance information including cell ID, number of ports, MBSFN configuration of the neighbouring cell is required

Objective 1-5: Demodulation requirements for Rel-15 multi-TRP DPS TX 
· Demodulation requirements for Rel-15 multi-TRP DPS TX scheme under normal propagation conditions

Objective 1-6: Demodulation/CSI reporting requirements for downlink 8Rx antennas 
· Define channel model for downlink 8Rx antennas
· Specify the antenna configuration and MIMO channel correlation matrices for 8Rx antennas
· Specify the static channel model
· Define PDSCH demodulation requirements for the rank lower than or equal to 4.
· Further discuss and decide whether to define PDSCH demodulation requirements for the rank higher than 4 in fading channel.
· Base on combinations of rank and MCS that can achieve the maximum configured throughput.
· Define SDR requirements for 8Rx
· Define CSI reporting requirements for 8Rx.
· No PDCCH demodulation requirement is expected for 8Rx.
· Considering the test coverage of 8Rx, test applicability rule is needed to define
· Define applicability rule of existing performance requirements for 8Rx capable UEs.
· After finalizing the single carrier requirements, the following CA scenarios will be specified
· Intra-band contiguous CA with 2CC and 8Rx with up to 8-layers supported per CC 
· Inter-band CA with 8Rx/8-layers supported on one or two contiguous CCs on the identified operating bands, and with 2Rx or 4Rx supported on the other CC(s).
· Note 1: if agreeable to be included in Rel-17 package, the RF/RRM impact needs to be included in the FR1 RF/RRM work areas.

Objective 1-7: Requirements for non-colocated scenario for intra-band non-contiguous EN-DC/NR-CA (e.g. band 42, n77/n78)
· First investigate the applicable MRTD and power imbalance level, considering the network deployment scenario and UE implementation feasibility.
· Define PDSCH demodulation performance requirement based on the applicable MRTD and power imbalance values.
· Introduce a UE capability report that indicates the support of dual Rx chain in a band of interest 
· Note 1: if agreeable to be included in Rel-17 package, the RF/RRM impact needs to be included in the FR1 RF/RRM work areas.

Companies views’ collection
Companies are encouraged to provide comments on the suggested refinement of the individual WI objectives in the table below:
	Company
	Comments

	Company A
	Objective 1-1: UE interference-aware receivers for Scenario a): Inter-cell interference

Objective 1-2: UE interference-aware receivers for Scenario b): Inter-layer interference for SU-MIMO

Objective 1-3: UE interference-aware receivers for Scenario c): Intra-cell inter-user interference for MU-MIMO

Objective 1-4: NR PDSCH demodulation requirements for handling neighboring cell CRS in LTE-NR coexistence scenarios

Objective 1-5: Requirements for Rel-15 multi-TRP DPS TX scheme 

Objective 1-6: Demodulation/CSI reporting requirements for downlink 8Rx antennas 

Objective 1-7: Requirements for non-colocated scenario for intra-band non-contiguous EN-DC/NR-CA (e.g. band 42, n77/n78)


	Verizon
	We should prioritize the objectives 1-1 and 1-3 in Rel-17. 
As the objectives of Rel-17 UE demodulation, the FR2 4Rx should be in scope based on the available RAN1 and RAN2 (multi-TRP) specs requirements in Rel-16.

	SoftBank
	Objective 1-6: Demodulation/CSI reporting requirements for downlink 8Rx antennas 
We are interested in 8Rx deployment.

Objective 1-7: Requirements for non-colocated scenario for intra-band non-contiguous EN-DC/NR-CA (e.g. band 42, n77/n78)

As shown in our motivation paper RP-201599, this proposal is motivated by the problems observed from our practical network, and we want to address it in Rel-17. 
During the offline discussion with some of the companies including operators, we received comments that the target bands should be generic. We are fine with it. 


	QC
	Objective 1-1: UE interference-aware receivers for Scenario a): Inter-cell interference
In our opinion, Scenario 2 in SCS and slot duration should be removed. As we commented before, this scenario is a corner case, we do not see the point of further upscoping this item that is already very big. 
Scenario 2 in Reference receiver is not clear what it is referring to and what enhancement can possibly achieved by including this scenario. If this is not clarified, this scenario should be removed.
For TRS/CSI-RS/DMRS configurations, in our opinion this is just part of the configuration to be specified in the scenario profile, none of these colliding/non-colliding information pieces can be taken into consideration for UE interference mitigation scheme, since in absence of network assistant information, blind detection of all these different configuration is infeasible given the huge number of combinations. Therefore, the most common case should be taken into interference scenario profile but it is not needed to study all difference scenarios and receiver enhancement doesn’t take this configuration into consideration.

Objective 1-2: UE interference-aware receivers for Scenario b): Inter-layer interference for SU-MIMO
We don’t support studying this item. Information exchange across layers in LDPC decoder with single codeword through check nodes on parity check graph effectively performs inter-layer interference mitigation already. If a strong layer bit connected to weak layer bit through check node, interference mitigation was effectively performed by check node decoding operation. Therefore, unlike LTE, additional performance gain is small, not worth the added complexity and stretching HARQ timeline.
Objective 1-3: UE interference-aware receivers for Scenario c): Intra-cell inter-user interference for MU-MIMO
For receiver architecture, we agree to keep just MMSE-IRC. Other techniques require blind detection of interference at the UE which leads to high complexity with questionable gains. 
Objective 1-4: NR PDSCH demodulation requirements for handling neighboring cell CRS in LTE-NR coexistence scenarios
Interference mitigation requires detection of CRS existence, power/interference channel estimation, and cancellation in channel estimation. All these algorithm requires resource and computation, therefore channel estimation and demodulation timeline can be extending by adding all these operations.
The performance gain achievable by this is not obviously large enough to justify the complexity and HARQ timeline impact. LTE study shows that gain exists only when neighboring cell is lightly loaded, even in lightly loaded scenario, the amount of achievable gain is controversial. In NR, given the flexibility of configurations, different alignment of RS/data between serving and neighboring cell can degrade the achievable gain. Additionally, although the coexistence scenario may not disappear 100%, occasions will definitely decrease significantly. Moreover, R15 LTE introduce CRS-muting scheme which is a better feature to address this issue.
To summarize, system performance improvement might be small, the occasions might also be limited, and there is a better feature to address this issue, therefore, we don’t think this study is needed for R17.
Objective 1-5: Requirements for Rel-15 multi-TRP DPS TX scheme 
For demod, RAN4 has already agreed to define the requirements for m-TRP schemes in Rel-16 which cover tracking of different loops and separate channel estimation for each TRP with frequency/timing offset between two TPs. We think that Rel-16 m-TRP schemes can have much better performance than LTE schemes (designed for similar purpose) since those schemes are already designed specifically for NR. Also, in DPS scheme, only one TP transmits at a time while Rel-16 m-TRP schemes also allow for receiving from both TRPs at the same time. So, we believe that Rel-15 DPS scheme may not provide much benefit for Rel-17 NR UE.
Objective 1-6: Demodulation/CSI reporting requirements for downlink 8Rx antennas 
This is our proposal, we support it. Rel.15 NR already introduced 800MHz with 2 layers for FR2, the processing requirements should be at least comparable with 8Rx with 100MHz. We are also talking about Rel.17 UEs so we do not see the argument that power consumption or UE over-heat would be an issue. The antenna implementation issue should be the same for LTE and our understanding is that there are already commercial devices with 8Rx for LTE. The main target does not necessarily have to be smartphones, this can be useful for other form factors such as CPEs or laptops/tablets. We do see a need for such requirements. In low correlation channel, 8L can obviously improve throughput by a lot. It’s true that when Rx correlation gets larger, the gain with 8L decreases, but 8Rx can still outperform 4Rx by configuring <8 layers. All these adaptation/design consideration are implemented on LTE 8Rx devices, NR should be able to do the same to achieve performance gain.
Objective 1-7: Requirements for non-colocated scenario for intra-band non-contiguous EN-DC/NR-CA (e.g. band 42, n77/n78)
We believe that such large MRTD and power imbalance will lead to performance issues. For the power imbalance issue, it would be good to see how the 25dB was derived. With such large number, one of the links should have very low SINR so the usefulness of EN-DC is questionable as this is considered for Rel.17 when we believe SA will be available. MRTD larger than CP will also introduce performance degradation for demod.


	
	

	
	

	
	



Summary and recommendation for further discussion

Intermediate round

Fine-tuning round

Topic #2: BS Demodulation requirements
Candidate objectives
Objective 2-1: BS interference-aware receivers for Scenario a): Inter-cell interference
· Type of requirements: PUSCH requirement
· Reference receiver: 
· As starting point, use MMSE-IRC with DMRS based interference covariance estimation
· FFS Soft-IC/CW-IC for cell sectors belonging to the same site
· Target frequency: FR1
· Rx antenna number: further discuss and decide in the WI
· Interference profile
· Reuse LTE interference profiles as a starting point
· Other interference profiles are not precluded
· As baseline, avoid network assistance and/or restriction.

Objective 2-2: BS interference-aware receivers for Scenario b): Inter-layer interference for SU-MIMO
· Type of requirements: PUSCH requirement
· Candidate reference receiver: 
· Soft IC 
· SL-IC
· Evaluate the performance gain for different reference receivers, by taking into account the implementation complexity 
· Target frequency: FR1, FR2
· Number of data layers: 2 for FR1 and FR2 
· Rx antenna number: 2Rx, 4Rx and 8Rx for FR1; 2Rx for FR2

Objective 2-3: BS interference-aware receivers for Scenario c): Intra-cell inter-user interference for MU-MIMO
· Type of requirements: PUSCH requirement
· Reference receiver: 
· As starting point, use CWIC
· FFS hybrid-IC  (mixing hard-IC and soft-IC)
· Target frequency: FR1 
· Rx antenna number: 2Rx, 4Rx and 8Rx for FR1

Objective 2-4: BS FR1 PUSCH 256QAM demodulation requirements
· Define PUSCH demodulation requirements for FR1 256QAM

Initial round
Companies views’ collection
Companies are encouraged to provide comments on the individual WI objectives in the table below:
	Company
	Comments

	Company A
	Objective 2-1: BS interference-aware receivers for Scenario a): Inter-cell interference

Objective 2-1: BS interference-aware receivers for Scenario b): Inter-layer interference for SU-MIMO

Objective 2-3: BS interference-aware receivers for Scenario c): Intra-cell inter-user interference for MU-MIMO

Objective 2-4: BS FR1 PUSCH 256QAM demodulation requirements


	Verizon
	We would prioritize the objectives 2-1, 2-3 and 2-4 in Rel-17. 

	
	

	
	

	
	

	
	

	
	

	
	


Summary and recommendation for further discussion

Intermediate round
Fine-tuning round
Topic #3: Objectives prioritization
Initial round
Candidate objectives
UE Demodulation/CSI (see detailed objectives description in Topic #2)
· Objective 1-1: UE interference-aware receivers for Scenario a): Inter-cell interference
· Objective 1-2: UE interference-aware receivers for Scenario b): Inter-layer interference for SU-MIMO
· Objective 1-3: UE interference-aware receivers for Scenario c): Intra-cell inter-user interference for MU-MIMO
· Objective 1-4: NR PDSCH demodulation requirements for handling neighboring cell CRS in LTE-NR coexistence scenarios
· Objective 1-5: Requirements for Rel-15 multi-TRP DPS TX scheme 
· Objective 1-6: Demodulation/CSI reporting requirements for downlink 8Rx antennas 
· Objective 1-7: Requirements for non-colocated scenario for intra-band non-contiguous EN-DC/NR-CA (e.g. band 42, n77/n78)
BS Demodulation (see detailed objectives description in Topic #3)
· Objective 2-1: BS interference-aware receivers for Scenario a): Inter-cell interference
· Objective 2-1: BS interference-aware receivers for Scenario b): Inter-layer interference for SU-MIMO
· Objective 2-3: BS interference-aware receivers for Scenario c): Intra-cell inter-user interference for MU-MIMO
· Objective 2-4: BS FR1 PUSCH 256QAM demodulation requirements
Link adaptation requirements (see detailed objectives description in Topic #2)
· Objective 3-1: Link adaptation throughput requirements

Companies views’ collection
Companies are encouraged to provide views on the support and prioritization of the candidate objectives takin into account RAN4 workload and system impacts. 
	Whether support on proposals
	1-1
	1-2
	1-3
	1-4
	1-5
	1-6
	1-7
	2-1
	2-2
	2-3
	2-4
	3-1
	FR2 4Rx

	Company A
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	Note: Please use “x” to indicate the support on proposals.
	



Companies are encouraged to provide additional comments (if any) on the support and prioritization of the candidate objectives in the table below:
	Company
	Comments

	Company A
	TBA

	SoftBank
	1-7 has the highest priority for us. 

	QC
	[bookmark: _GoBack]In addition to the opinion collection in the above table, the technical comments/discussions should be taken into consideration when deciding prioritization/scope of R17 demod objectives.

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Summary and recommendation for further discussion
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