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1   Introduction
In RAN4 meeting #86, the work plan is proposed [1], and the discussion on the demodulation performance and CSI reporting requirements for WI on enhancements for high capacity stationary wireless link and introduction of 1024QAM for LTE are triggered in this contribution.
According to the work plan, for the demodulation performance part, RAN4 should discuss the following topics in this meeting:
· Demodulation part:
· Evaluate and agree on the impact of 1024QAM on CSI core part based on the outcome of RAN1; 
· Discuss the framework and simulation assumptions for demodulation performance requirements;
· Discuss the framework and simulation assumptions for CSI requirements.
In this contribution, we would like to analyze the impact of RAN1 progresses on RAN4 performance requirements and propose the new demodulation performance requirements, which will reflect the fundamental changes for this new feature.
2   Impact on demodulation performance requirements
2.1   Overview of 1024QAM
In Table 1, we summarize the progresses in RAN1 for the WI on enhancements for high capacity stationary wireless link and introduction of 1024QAM for LTE, and provide the corresponding analyses of the impacts on UE implementations.

Table 1: RAN1 progresses and the impacts on UE implementations
	RAN1 progresses
	Impact on UE implementation

	New 1024QAM constellation
	New demodulation scheme for 1024QAM

	New additional CQI/MCS/TBS tables: 

1024QAM capable UE needs to support this new ones as well as the legacy tables, which is configurable
	New CSI reporting and link adaptation scheme in addition to the legacy schemes

	New UE category which uses 1024QAM to reach peak data rate
	Larger soft buffer and improved Rx EVM at UE side

	New entries to support OCC4 for rank 3 and 4 transmission
	Demodulation performance on new DMRS port combinations for 3/4-layer MIMO


When designing the new RAN4 requirements for 1024QAM, the we will follow the principles below:

· The new requirements should verify the performance corresponding to the fundamental changes of UE implementation;
· The new requirements should guarantee the system performance under the typical scenarios or use cases.
2.2   Fundamental impacts on UE implementation
In our opinion, the fundamental changes for UE implementation would include:

· Support of 1024QAM demodulation:

· Soft-decision decoding with 1024QAM new constellation;

· Structure of MIMO equalizer supporting 1024QAM.
· Support of improved peak data rate with 1024QAM

· UE Rx EVM and 

· Support of the new UE categories linked to support of 1024QAM;

· Support of reduced DMRS overhead, i.e., support of new entries of DMRS ports with OCC = 4 for rank3/4 transmissions
Below we would like to further elaborate on the impact of support of improved peak data rate with 1024QAM. With the introduction of 1024QAM, the new UE categories will be added. According to RAN1 evaluation, the required SNR for 1024QAM to reach >[85] % relative throughput with the largest TB size would be even higher than 30dB, which requires the significant improvement of receiver RF chain at UE side. So it seems necessary to have sustained data rate test to verify it.
Besides, RAN4 should evaluate the impact on UE demodulation performance by introducing new DMRS entries with OCC=4 for rank3/4 transmissions. For the legacy UE, DMRS port 7, 8, 9, 10 will be used to support 4-layer MIMO, while with enhancement DMRS port 7, 8, 11 and 13 will be utilized which reduces the overhead.
So in our view, the main test purposes of the demodulation requirements would be 
· To verify the demodulation performance using 1024QAM reference channel under the typical use cases;

· To verify the support of peak data rate for the new UE categories, i.e., sustained data rate tests.
· To verify the functionality and performance for reduced DMRS ports.

· Proposal 1: The test purposes of the demodulation performance requirements for enhancements of high capacity stationary wireless link and introduction of 1024QAM include
· To verify the demodulation performance using 1024QAM reference channel under the fading channels;

· To verify the support of peak data rate for the new UE categories, i.e., by defining sustained data rate tests.

· To verify the functionality and performance for reduced DMRS ports.
3   New demodulation performance requirements
3.1   No new control channel requirements
Firstly, According to the discussion in the high capacity stationary, there is no change of the control channel. So it seems obvious that no new demodulation performance requirements for the control channel are needed.

· Proposal 2: No new requirements for the control channels including PDCCH/PCFICH, EPDCCH, PHICH, and PBCH are needed for the WI of high capacity stationary.
3.2   Demodulation requirements under fading conditions for 1024QAM
We would like to use the demodulation performance requirements for 256QAM as the guidance to design the new 1024QAM demodulation performance requirements. In Table 1 and Table 2, we list all the existing 256QAM demodulation performance requirements for FDD and TDD respectively as specified in TS36.101.
Table 1: Demodulation performance requirements with 256QAM (FDD)

	Sub-clause
	Description

	8.2.1.4, Test 3
	TM4, 10MHz R.65 FDD, EVA5, single carrier, 2×2 Low

	8.3.1.1, Test 3
	TM9, 10MHz R.66 FDD, EVA5, 2×2 Low

	8.10.1.1.4 Test 2
	TM4, 10MHz R.72 FDD, EPA5, 4x4 Low, Dual-layer

	8.13.1.1.3
	TM4, CA+256QAM+4Rx, EPA5

	8.13.3.6
	TM4 FDD-TDD CA+256QAM+4Rx


Table 2: Demodulation performance requirements with 256QAM (TDD)

	Sub-clause
	Description

	8.2.2.4, Test 3
	TM4, 20MHz R.65 TDD, EVA5, single carrier, 2×2 Low

	8.3.2.1, Test 3
	TM9, 20MHz R.66 TDD, EPA5, single carrier,  2×2 Low

	8.10.1.2.4 Test 2
	TM4, 10MHz R.72 TDD, EPA5, 4x4 Low, Dual-layer

	8.13.2.1.3
	TM4, CA+256QAM+4Rx, EPA5


Transmission modes
Firstly, in our view, both CRS based transmission modes and DMRS based transmission modes should be taken into account. Based on the possible deployment scenario for high capacity stationary, it would be reasonable to first consider TM4 and TM9.

And we would like to focus on the single carrier in this WI for demodulation performance requirements except for the sustained data rate tests. For TM9 test, we can further evaluate whether close-loop or random precoding will be used.
· Proposal 3: Define the demodulation performance requirements for 1024QAM with TM4 and TM9.

· Proposal 4: Focus on the single carrier test case except for the sustained data rate tests.

Antenna configuration and MIMO layers
For Rx antenna number, 2Rx is the baseline configuration for LTE. On top of 2Rx, the 4Rx capable UE was introduced for higher bands to improve the downlink performance. And 1Rx UE was introduced for MTC/NB-IOT to lower the cost. In our view, since the stationary scenario is more relevant scenario in this WI where the CPE could be used and there is no restrict limitation on CPE form factor, 4Rx is feasible and would be a typical use case for this WI. So we propose to define the requirements with 2Rx and 4Rx. To keep 2Rx test case is beneficial to compare the performance of 1024QAM to the other modulation orders.

· Proposal 5: Define the demodulation performance requirements for 1024QAM with 2Rx and 4Rx.

For Tx antenna number, we propose to consider 4Tx, since 4Tx BS is deployed more and more. 4Tx can be used to verify the performance for both dual-layer transmission and 4-layer transmissions.
· Proposal 6: Use 4Tx for 1024QAM demodulation performance requirements. 

The 3/4-layer MIMO with 1024QAM functionality and performance could be verified by the sustained data rate tests, which would represent the performance under LOS conditions. For the performance requirements under the fading channel, we would like to prioritize the dual-layer transmission, which may require the lower and reasonable SNR.
· Proposal 7: Prioritize the dual-layer transmission test case for 1024QAM demodulation performance requirements.

Propagation conditions
According to RAN1 simulation, the utilization of 1024QAM needs the good propagation conditions. So we will focus on the high SNR and low delay spread scenario.  Like the demodulation requirements for 256QAM, we can use EPA5 as the propagation conditions for 1024QAM tests.
· Proposal 8: Use EPA5 as the propagation conditions for 1024QAM demodulation performance requirements. 
Reference channel
Although there is no final decision on TBS/MCS tables for 1024QAM, we propose to select one 1024QAM MCS with the median coding rate such that the feasible SNR test point could be identified. But we may still need wait for RAN1 final agreements on the MCS table.
Bandwidth
For the single carrier based 1024QAM FDD requirements, 10MHz would be the best choice, since until now almost all the bands support 10MHz except for Band 31 and Band 51. For Band 31 and Band 51, 5MHz test cases should be considered.
For TDD requirements, one alternative option is 20MHz. But we would like to align the bandwidth between FDD and TDD test cases.

· Proposal 9: Use 10MHz for both FDD and TDD demodulation performance requirements and consider defining 5MHz requirements in addition. 
UE categories that the test cases will applied to and partial PRB allocation
The other issue is that we specify the applicable UE categories for each 1024QAM test, and we should also pay attention to whether the specified TBS will beyond the capability of a given UE category.

According to RAN1 discussion, it seems that most companies proposed that 1024QAM will be supported in existing UE categories 3~12 with the increased maximum TBS-s each TTI. And the new UE categories and DL categories for 1024QAM will be specified.
So it seems to be agreeable that the new 1024QAM demodulation requirements will be applied to UE category 3-12 and there would be no big problem that TBS will be beyond the UE capability.
Tx EVM

The assumption of Tx EVM for the existing demodulation performance requirements is 6%. But for the 1024QAM demodulation performance requirements, it should be changed to be aligned with the BS Tx EVM requirements. Otherwise the performance of 1024QAM would be quite bad.

According to the agreement in the last RAN plenary meeting (RP meeting#78), the acceptable EVM value for eNB is [2.5] %. So we propose the same value for the demodulation requirements.

· Proposal 10: The Tx EVM assumed for 1024QAM demodulation performance requirements should be aligned with the EVM requirements specified for eNB supporting 1024QAM.
Reference receiver
RAN4 should decide the assumption of the reference receiver. If R-ML (reduced maximum likelihood), SLIC (symbol level interference cancellation), or CWIC (codeword interference cancellation) were assumed, the introduction of 1024QAM would significantly impact the algorithm and implementation. Although there would be performance gain in some scenarios, the UE complexity will increase too much. 
So we propose to use MMSE receiver as the reference receiver when no interference is explicitly modelled and MMSE-IRC receiver as reference receiver when the interference is explicitly modelled.

· Proposal 11: Uses MMSE-IRC receiver as the reference receiver for 1024QAM demodulation performance requirements.
Summary
In Table 3 and Table 4, we summarize our proposed test cases under fading conditions channels for the group to further discuss.

Table 3: Proposed 1024QAM demodulation performance requirements (FDD)

	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category
	UE DL category

	1
	TM4 dual-layer
	1024QAM, TBD
	EPA5
	4×2 Low
	10MHz
	≥ 3 (need check)
	TBD

	2
	TM4 dual-layer
	1024QAM, TBD
	EPA5
	4×4 Low
	10MHz
	≥ 3 (need check)
	TBD

	3
	TM9 dual-layer
	1024QAM, TBD
	EPA5
	4×2 Low
	10MHz
	≥ 3 (need check)
	TBD

	4
	TM9 dual-layer
	1024QAM, TBD
	EPA5
	4×4 Low
	10MHz
	≥ 3 (need check)
	TBD


Table 4: Proposed 1024QAM demodulation performance requirements (TDD)

	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category
	UE DL category

	1
	TM4 dual-layer
	1024QAM TBD
	EPA5
	4×2 Low
	10MHz
	≥ 3 (need check)
	TBD

	2
	TM4 dual-layer
	1024QAM TBD
	EPA5
	4×4 Low
	10MHz
	≥ 3 (need check)
	TBD

	3
	TM9 dual-layer
	1024QAM TBD
	EPA5
	4×2 Low
	10MHz
	≥ 3 (need check)
	TBD

	4
	TM9 dual-layer
	1024QAM TBD
	EPA5
	4×4 Low
	10MHz
	≥ 3 (need check)
	TBD


3.3   New UE category and sustained data rate tests
As discussed above, currently RAN1 is working on updating the existing UE categories and specify the new categories. For the new defined UE categories, the new sustained data rate test shall be specified. 
As we discussed previously, with the introduction of 1024QAM, the new UE categories will be added. According to RAN1 evaluation, the required SNR for 1024QAM to reach >[85] % relative throughput with the largest TB size would be even higher than 30dB, which requires the significant improvement of receiver RF chain at UE side. So it seems necessary to have sustained data rate test to verify it.
And the applicability should be updated to accommodate the 1024QAM capable UE.
· Proposal 12: Define the new sustained data tests for the UE categories/DL categories which support 1024QAM and update the applicability rule accordingly.
3.4   Demodulation requirements for DMRS reduction
According to the latest progress at RAN1 #91meeting, new DMRS entries with OCC=4 for 3/4 layers transmission have been introduced. RAN4 should evaluate the impact on UE demodulation performance by introducing new DMRS entries with OCC=4 for rank3/4 transmissions. Here we choose 16QAM to combine with the new DMRS entries.
· Proposal 13: Test case design for DMRS reduction could be as follows.
Table 5: Proposed 1024QAM demodulation performance requirements for DMRS reduction (TDD)
	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category

	1
	TM4 dual-layer
	R.75 TDD 16QAM
	EPA5
	2×2 Low
	10MHz
	≥ 3


Table 6: Proposed 1024QAM demodulation performance requirements for DMRS reduction (FDD)
	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category

	1
	TM4 dual-layer
	R.75 FDD 16QAM
	EPA5
	2×2 Low
	10MHz
	≥ 3


Besides, the applicability rule can be specified to reduce test case number.
4   Conclusions and proposals
In this contribution, we try to provide more detailed analyses on 1024QAM demodulation requirements. We summarize our proposals and observations as follows.
· Proposal 1: The test purposes of the demodulation performance requirements for enhancements of high capacity stationary wireless link and introduction of 1024QAM include

· To verify the demodulation performance using 1024QAM reference channel under the fading channels;

· To verify the support of peak data rate for the new UE categories, i.e., by defining sustained data rate tests.

· To verify the functionality and performance for reduced DMRS ports.
· Proposal 2: No new requirements for the control channels including PDCCH/PCFICH, EPDCCH, PHICH, and PBCH are needed for the WI of high capacity stationary.
For 1024QAM fading demodulation performance requirements, we propose that
· Proposal 3: Define the demodulation performance requirements for 1024QAM with TM4 and TM9.

· Proposal 4: Focus on the single carrier test case except for the sustained data rate tests.

· Proposal 5: Define the demodulation performance requirements for 1024QAM with 2Rx and 4Rx.

· Proposal 6: Use 4Tx for 1024QAM demodulation performance requirements. 

· Proposal 7: Prioritize the dual-layer transmission test case for 1024QAM demodulation performance requirements.

· Proposal 8: Use EPA5 as the propagation conditions for 1024QAM demodulation performance requirements. 
· Proposal 9: Use 10MHz for both FDD and TDD demodulation performance requirements and consider defining 5MHz requirements in addition. 
· Proposal 10: The Tx EVM assumed for 1024QAM demodulation performance requirements should be aligned with the EVM requirements specified for eNB supporting 1024QAM.
· Proposal 11: Uses MMSE-IRC receiver as the reference receiver for 1024QAM demodulation performance requirements.
The proposed test cases are summarized in Table 3 and Table 4.

For sustained data rate tests, we propose that

· Proposal 12: Define the new sustained data tests for the UE categories/DL categories which support 1024QAM and update the applicability rule accordingly.
For the reduced DMRS overhead, we propose that

· Proposal 13: Test case design for DMRS reduction could be as follows.
Table 5: Proposed 1024QAM demodulation performance requirements for DMRS reduction (TDD)
	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category

	1
	TM4 dual-layer
	R.75 TDD 16QAM
	EPA5
	2×2 Low
	10MHz
	≥ 3


Table 6: Proposed 1024QAM demodulation performance requirements for DMRS reduction (FDD)
	Test Num
	TM
	FRC
	Propagation condition
	Antenna and correlation
	Bandwidth
	UE category

	1
	TM4 dual-layer
	R.75 FDD 16QAM
	EPA5
	2×2 Low
	10MHz
	≥ 3
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6   Annex

RAN 1 agreements:
· Support for 1024 QAM for DL channels
#88b

Agreement: Simulation assumtions for 1024 QAM
	Channel model 
	AWGN, TDL with delay spread of {10, 100}ns

	Doppler 
	5Hz

	Bandwidth
	20 MHz

	Tx EVM 
	Between 0-[3]% 

	Rx EVM 
	Between 0-[3]% 

	Number of tx/rx antennas 
	2T2R, 2T4R, 2T8R, 8T8R (optional) 

	Transmission modes 
	TM3 for open loop

TM4 for closed loop 

TM9/10

	Format of reported results 
	1) Crossover SNR between 256QAM and 1024QAM

2) Throughput gain at [30]dB and [35]dB SNR 

	Modulation mapping 
	Gray mapping (described in R1-1705007) 

	Link adaptation scheme 
	AMC (companies to provide details on the selected scheme)

	Channel estimation 
	Realistic 

	Antenna correlation (Tx and Rx) 
	Uncorrelated 


#89

Agreements: Observations based on the results submitted for RAN1#89:

· With increased number of receiving antennas, the crossover SNR is decreased.

· With increased TX/RX EVM, the crossover SNR is increased.
· The gains provided by 1024QAM are higher in scenarios with LOS component.

· The crossover SNR is lower for scenarios with LOS component.

· For 2T2R under TDL-A/B channel, 1024QAM provides performance gain of 3%~10% at 40dB for TX EVM less than or equal to 2%.

· For 2T4R under TDL-A/B channel, 1024QAM provides performance gain of 10%~22% at 35dB for TX EVM less than or equal to 2%.

· For 2T8R under TDL-B/D channel, 1024QAM starts to provide performance gain at 24~28dB for TX EVM less than or equal to 2%.

· For 2T2R under TDL-D/E channel with correlated LOS, 1024QAM provides performance gain of 0-11% at 30dB SNR for TX EVM less than or equal to 2%

· For 2T4R under TDL-D/E channel with correlated LOS, 1024QAM provides performance gains of 11-16% at 30dB SNR for TX EVM less than or equal to 2%

· For 2T2R under TDL-D/E channel with uncorrelated LOS, 1024QAM provides performance gain of 0-19% at 30dB SNR for Tx EVM less than or equal to 2% 

· For 2T4R under TDL-D/E channel with uncorrelated LOS, 1024QAM provides performance gain of 8-22% at 30dB SNR  for Tx EVM less than or equal to 2% 

· For 2T2R and 2T4R TDL-D/E channel with uncorrelated LOS, 1024QAM provides performance gains of 16-22% gain at 35dB SNR

· For 2T8R TDL-D channel, 1024QAM provides performance gains of 12.8%~21% at 35dB SNR for TX EVM less than or equal to 2%

· For 2T2R TDL-A, 1024QAM doesn’t provide performance gains over 256QAM when 2 MIMO layer for Tx/Rx EVMs of {3,1.5}%

· For 2T2R TDL-A, 1024QAM doesn’t provide performance gains over 256QAM when 2 MIMO layer for Tx/Rx EVMs of {3,3}%

· For 2T2R TDL-A, 1024QAM, the peak spectral efficiency of 1024QAM has not been observed for {3,1.5}% Tx/Rx

Conclusions:

· Capture the observations in the TR

· Capture in the TR the evaluation results from contributions for RAN1#88bis and #89. Editor to provide an updated TR before RAN1#90.
· May exclude results that are not aligned with the agreed assumptions.
#90

Agreements:
· Followings are conclusions of TR
· RAN1 has observed different degrees of performance improvement due to support of 1024QAM in some scenarios based on link level evaluations. 

· RAN1 has not conducted system level simulation and thus did not confirm the benefits of 1024QAM on system level.

· RAN1 has concluded that 1024QAM is beneficial to achieve higher peak data rates than 256QAM and recommends to specify 1024QAM at least for some types of UEs (e.g. CPE)

#90b

Agreement: 1024QAM supports peak data rates of at least 120Mbps per layer per 20 MHz CC

Agreements:

· UE capability for support of 1024QAM is reported per band/band combination.

· Introduce new DL UE categories based on a subset of LTE DL Categories 11~20

· FFS on which DL category/categories. 

· Note: other new UE DL category/categories are not precluded. 

· Joint RRC configuration of CQI/MCS table to support 1024QAM is supported for UE.

· Per CC and per CSI subframe set if configured

· FFS: Per codeword in addition

Agreements:

· Adopt the following modulation definition for 1024QAM at least for initial transmissions:
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· FFS: whether same is used for re-transmission

Agreement:

· Introduce at least 2 new entries in CQI table for 1024 QAM

· For introduction of 1024QAM CQI table:

· Remove N entries from the 256QAM table.

· Add N entries for 1024QAM.

· For introduction of 1024QAM MCS table:

· Remove M entries from the 256QAM table while maintaining (close to) uniformly spaced SE, while keeping the lowest MCS

· Add M new entries for 1024QAM, with (close to) uniformly spaced SE

· Including 1 entry to support re-transmission with 1024 QAM

#91

Agreement: All code blocks in any newly defined TBS have the same size and zero filler bits

Agreement: The target peak data rate is 1 Gbps for a UE with 4 layers per component carrier and two component carriers.

· Note: This target is only for determining the maximum TBS size and does not have any implications on the definition of UE categories.

Agreement: The largest TBS size for a single layer and for two layers are chosen to be able to meet the target peak data rate.

· FFS: Whether the maximum code rate of 0.931 has to be revisited

Agreement: The largest TBS for a single layer is 125808 and for two layers is 251640.

Working Assumption: One RRC configuration of CQI/MCS table is used for 1024QAM for both codewords.
Agreement: Introduce two maximum 
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 entries for 1024QAM, with an RRC parameter selecting between both.

Agreement: The same modulation (including constellation mapping) definition is used for initial transmission and retransmissions.

Agreement: Order CQI and MCS indices according to spectral efficiency.
· DMRS overhead reduction
#88b

Agreement:

· Define a new DMRS table or introduce new entries in existing DMRS table

· DCI payload size is the same as legacy

· Additional DMRS overhead reduction scheme for rank 3/4 transmission is FFS

#89

Agreements:

· New entries in DMRS table to support DMRS density reduction

· At least including the following entries in DMRS table at least for two enabled CWs.

· 3 layers, ports 7,8,11 (OCC=4)

· 4 layers, ports 7,8,11,13 (OCC=4)

· FFS: also for one enabled CW case

· This applied to both TM9 and 10

· FFS: new DMRS table or modification based on legacy table

· FFS: introducing n_scid for MU-MIMO

· FFS: Additional DMRS overhead reduction scheme for rank 3/4 transmission 

#90

Agreements:

· Introduce new entries, i.e., 3/4-layer(port 7, 8 and 11 for 3 layers, port 7,8,11 and 13 for 4 layers) OCC=4 for two enable CWs, to existing 4-bit DMRS table

· FFS: Support OCC4 for rank 3 and 4 in one enabled CW case
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