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Background
Based on WID [1], the objectives of performance part for UE supporting 8RX are listed as follows: 
	· Specify UE demodulation performance and CSI requirements with up to 8 layers to support 8Rx
· Investigate and, if necessary, specify the requirements with up to 8 DL MIMO layers
· Specify the SDR requirements with 8 MIMO layers


This is the first meeting of WI, we provide our general views on how to define demodulation and CSI requirements for 8RX UE.
Discussions
General 
The main difference of 8RX from demodulation processing view is supporting large MIMO layers. I.e. Up to 8 layers. Therefore we suggest to focus on PDSCH, SDR and CSI requirements and not to define PDCCH and PBCH requirements
Proposal 1: RAN 4 to define PDSCH, SDR and CSI requirements and not to define PDCCH, PBCH requirements for 8RX UE.
Duplex mode
According to [1], it is agreed that RF to specify 8RX requirements for TDD bands as first priority and objectives with 1st priority are considered first. We copy the agreements as follows:
	· Example bands:
· TDD bands: n41, n77/ n78
· FDD bands: n7
· Note 1: the total number of example band should be limited to 3. n77/n78 are considered as one band during the study.
· Note 2: other bands to be introduced in the release independent way later on from Rel-18
· Note 3: specifying requirements for TDD bands has first priority
· Specify the UE RF requirements to support 8Rx
· Study and specify the requirements to support SRS antenna switching for t1r8, t2r8, t4r8
· Discussion on t4r8 shall start after at least one PC for 4Tx is completed
· NOTE: Requirements are specified with phase approach. Objectives with 1st priority are considered first.



Based on our understanding, demodulation and CSI part should follow this agreement and focus on TDD as first priority before RAN4 RF finishes the core requirements for FDD example n7. 
Proposal 2: Define the demodulation and CSI requirements for 8RX UE for TDD as first priority before RAN4 RF finishes the core requirements for FDD example band n7.
Operation 
LTE defined both single CC and CA for PDSCH requirements for UE supporting 8RX.  Based on our understanding, it is common understanding that using CA to improve the throughput. However, RF doesn't define any CA requirements for 8RX so far. Therefore we suggest to focus on demodulation and CSI requirements for single CC firstly and tend to CA requirements after RF finish the core part
Proposal 3: RAN4 to focus on demodulation and CSI requirements for single CC before RF finish the core part of CA requirements.
PDSCH requirements
In LTE, RAN4 defined PDSCH requirements including Rank 1, 2 and 8. In order to cover different 8RX UE capabilities supporting different MIMO layers, we suggest to follow the LTE to consider Rank 1,2 and 8 for NR PDSCH requirements and define the capability rules that requirements apply only in case the PDSCH MIMO rank in the test case does not exceed UE PDSCH MIMO layers capability
Proposal 4: Define PDSCH requirements with Rank 1,2 and 8.
For the test setup, we suggest to take that of LTE 8RX test as baseline to save the effort. LTE define the following requirements for Rank<4 for single CC:
	Test case
	Description

	1
	TM2, 2x8, medium correlation B,16QAM 1/2, EVA5, Rank1

	2
	TM3, 2x8, low,16QAM 1/2, EVA70, Rank2


We propose to follow the LTE to define the following cases for NR PDSCH with single CC, rank<4:
Table 2-1: Proposed cases for 8RX PDSCH single CC with rank<4
	Rank
	Duplex mode
	Bandwidth/SCS
	Propagation conditions
	Antenna configurations
	Candidate receiver
	MCS

	Rank 1
	TDD
	40MHz/30kHz
	TDLA30-10 ULA medium B
	2x8
	MMSE-IRC
	13

	Rank 2
	TDD
	40MHz/30kHz
	TDLA30-10 Low
	2x8
	MMSE-IRC
	13


Proposal 5: Define PDSCH requirements with rank<4 by using cases listed in Table 2-1
For Rank>4, one objective is to study the feasibility for defining requirements for 8 layers. We provide our simulation results for Rank 8 for MCS from 16 to 27 in Figure 2-1. In the simulation, 8T8R, TDLA30-10 Low, MMSE-IRC receiver and MCS table 1 are used.
[image: ]
Figure 2-1: Simulation results for Rank 8
We can observe that when MCS is higher than 18, maximum throughput can’t be reached even SNR is very high. Therefore it is reasonable to define PDSCH requirements with rank 8 with MCS not higher than 18.
Observation 1: When MCS is higher than 18, maximum throughput can’t be reached even SNR is very high. 
RAN4 used MCS13 for LTE Rank 8 PDSCH requirements, we can reuse it for NR. For other simulation assumptions, we can also reuse from LTE. Hence we suggest to define rank8 requirements by using cases listed in Table 2-2.
Proposal 6: Define case listed in Table 2-2 for Rank=8
Table 2-2: Proposed cases for Rank 8
	Rank
	Duplex mode
	Bandwidth/SCS
	Propagation conditions
	Antenna configurations
	Candidate receiver
	MCS

	8
	TDD
	40MHz/30kHz
	TDLA30-10 ULA Low
	8x8
	MMSE-IRC
	13


SDR requirements
The purpose of SDR test is to verify that the Layer 1 and Layer 2 correctly process in a sustained manner received packets corresponding to the maximum date rate indicated by UE capabilities. However, for Rank8, even no external noise and static channel is assumed, there is still large intra-layer interference. The target SNR for high MCS is very high, which may be bottleneck to achieve the maximum date rate in the test.
DMRS configuration
In the past, RAN 4 usually used 1 number of additional DMRS to define PDSCH and SDR requirements. However, for rank 8, number of DMRS symbol is 4 which causes high overhead. That lead to a problem that maximum date rate declared by tested UE is not achievable even maximum MCS is configured. RAN1 specified the overhead for FR1 to derive maximum date rate is 0.14. However, the actual overhead with additional DMRS configured is 5/14=0.36 (1 symbol for PDCCH and 4 symbols for DMRS), which is quite larger than 0.14, which may cause the problem that no MCS can be found to match the maximum date rate declared by tested UE. 
Observation 2: For rank 8, number of DMRS symbol is 4 which causes high overhead. I.e. 0.36, which is quite larger than 0.14, which is defined as overhead to derive maximum date rate. That will cause the problem that maximum date rate declared by tested UE is not achievable even maximum MCS is configured. 
Additionally, additional DMRS symbol is not helpful considering static channel is assumed. Based on the above analysis, we suggest to not configure additional DMRS symbol for SDR test.
Proposal 8: Not configure additional DMRS for SDR test.
MCS look-up table:
The initial MCS look-up table based on no additional DMRS symbol configured is captured in Table 2-3. Meanwhile, 1 PDCCH symbol is assumed.
Table 2-3: Initial MCS look-up table for Rank 8
	Maximum number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS

	8
	8
	1
	27

	8
	8
	0.8
	23

	8
	8
	0.75
	22

	8
	8
	0.4
	12

	8
	6
	1
	28

	8
	6
	0.8
	25

	8
	6
	0.75
	24

	8
	6
	0.4
	15

	8
	4
	1
	16

	8
	4
	0.8
	16

	8
	4
	0.75
	16

	8
	4
	0.4
	11

	8
	2
	1
	9

	8
	2
	0.8
	9

	8
	2
	0.75
	9

	8
	2
	0.4
	5

	Note 1:	MCS Index for maximum modulation format 2,4 and 6 is based on MCS index Table 1 defined in clause 5.1.3.1 of TS 38.214 [12]
Note 2:	MCS Index for maximum modulation format 8 is based on MCS index Table 2 defined in clause 5.1.3.1 of TS 38.214 [12]


We can observe that maximum MCS for 64QAM and 256QAM are MCS28 and MCS27 respectively. The simulation results are shown in Figure 2-2. 
We can observe that the SNR@ 85% of maximum TP for 64QAM, MCS28 is 21.5dB which is closed to 24.43dB which is testable SNR based on 6% EVM considering some margin to be added. However, if we use MCS27 instead, the target SNR is 19.5dB, which leaves enough margin. 
We can observe that the SNR@ 85% of maximum TP for 256QAM, MCS27 is 27.5dB which is closed to 30dB which is testable SNR based on 3.5% EVM considering some margin to be added. However, if we use MCS26 instead, the target SNR is 25.5dB, which leaves enough margin. 
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	[image: ]


Figure 2-2: Simulation results for maximum MCS for 256QAM and 64QAM respectively.
Based on the above simulation results, we suggest to replace MCS27 by MCS26 for 256QAM and replace MCS28 by MCS27 for 64QAM.I.e. Use Table 2-4 as final MCS look-up table.
Table 2-4: Finial proposed MCS look-up table for Rank 8
	Maximum number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	MCS

	8
	8
	1
	26

	8
	8
	0.8
	23

	8
	8
	0.75
	22

	8
	8
	0.4
	12

	8
	6
	1
	27

	8
	6
	0.8
	25

	8
	6
	0.75
	24

	8
	6
	0.4
	15

	8
	4
	1
	16

	8
	4
	0.8
	16

	8
	4
	0.75
	16

	8
	4
	0.4
	11

	8
	2
	1
	9

	8
	2
	0.8
	9

	8
	2
	0.75
	9

	8
	2
	0.4
	5

	Note 1:	MCS Index for maximum modulation format 2,4 and 6 is based on MCS index Table 1 defined in clause 5.1.3.1 of TS 38.214 [12]
Note 2:	MCS Index for maximum modulation format 8 is based on MCS index Table 2 defined in clause 5.1.3.1 of TS 38.214 [12]


Proposal 9: Use Table 2-4 as Rank 8 MCS look up table.
Proposal 10: For other test setup, reuse from Rel-15 SDR test.
CSI requirements
There is no difference for CSI processing. Hence we suggest to reduce the test number of CSI as many as possible. We suggest to follow LTE that only defining CQI requirements under static channel model with rank4.
[bookmark: _GoBack]Proposal 11: Follow LTE that only defining CQI requirements under static channel model with rank4.
Conclusion
In this paper, we provide our views on UE demodulation and CSI requirements for 8RX. The proposals and observations are:
Proposal 1: RAN 4 to define PDSCH, SDR and CSI requirements and not to define PDCCH, PBCH requirements for 8RX UE.
Proposal 2: Define the demodulation and CSI requirements for 8RX UE for TDD as first priority before RAN4 RF finishes the core requirements for FDD example band n7.
Proposal 3: RAN4 to focus on demodulation and CSI requirements for single CC before RF finish the core part of CA requirements.
Proposal 4: Define PDSCH requirements with Rank 1,2 and 8.
Proposal 5: Define PDSCH requirements with rank<4 by using cases listed in Table 2-1
Observation 1: When MCS is higher than 18, maximum throughput can’t be reached even SNR is very high. 
Proposal 6: Define case listed in Table 2-2 for Rank=8
Observation 2: For rank 8, number of DMRS symbol is 4 which causes high overhead. I.e. 0.36, which is quite larger than 0.14, which is defined as overhead to derive maximum date rate. That will cause the problem that maximum date rate declared by tested UE is not achievable even maximum MCS is configured. 
Proposal 8: Not configure additional DMRS for SDR test.
Proposal 9: Use Table 2-4 as Rank 8 MCS look up table.
Proposal 10: For other test setup, reuse from Rel-15 SDR test.
Proposal 11: Follow LTE that only defining CQI requirements under static channel model with rank4.
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