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1 Introduction
In RAN4#105 meeting, RAN4 discussed UE 8Rx demodulation and CSI reporting requirements, and the agreements were captured in [1]. In this contribution, we provide some preliminary simulation results and discuss some outstanding issues for defining requirements. 
2 Discussion
[bookmark: _Hlk92380727]2.1	PDCCH requirements
	Whether to define demodulation requirements for PDCCH 
· FFS whether PDCCH requirements shall be specified for 8Rx
· PDSCH shall be prioritized over PDCCH for initial simulation work. 


The transmission for PDCCH is always one layer. RAN4 already defined 2Rx and 4Rx PDCCH requirements. Compared to 2Rx and 4Rx, we do not think there is big difference for 8Rx UE implementation to receive PDCCH. Therefore, we propose not to define PDCCH requirements for 8Rx UE.
Proposal 1: Do not define PDCCH requirements for 8Rx UE.

2.2	PDSCH requirements
According to the agreements, the symbol#2, 3, 10, 11 are used for DMRS symbols when the rank is larger than 4.
	DMRS configuration
· For rank>4: DMRS Type 1 with 2+2 with symbol# 2,3,10,11 
· For rank<=4: DMRS Type 1 with 1+1 with symbol# 2,10 


There are three possible time locations for TRS, which are symbol#{4, 8}, symbol#{5, 9} and symbol#{6, 10}. When the number of layer larger than 4, the TRS shall be allocated in symbol#{4, 8} or symbol#{5, 9} to avoid the collision between DMRS and TRS. 
Observation 1: For the scenario of rank larger than 4, the DMRS symbols will collide with TRS symbols when TRS located in symbol#{6, 10}.
Proposal 2: Configure TRS symbols in symbol#{5, 9} when the number of rank larger is than 4.

According to [1], there are many configurations for PDSCH requirements to be discussed and determined.
	MIMO layers
· Focus on Rank 2, 4, 8 as first priority for the feasibility study and initial simulation alignment purpose. 
· Other options not precluded 
· FFS PDSCH requirements definition coverage on number of MIMO layers  

Antenna configuration 
· Option 1
· Rank 1,2: 2T8R
· Rank 3,4: 4T8R
· Rank 5,6,7,8: 8T8R
· Other options not precluded


There are many combinations of different MIMO layers and antenna configuration. We prefer to keep the test cases as little as possible. Therefore, we propose defining PDSCH requirements with 2T8R (2layers), 4T8R (4layers) and 8T8R (8layers).
Proposal 3: Define PDSCH requirements with 2T8R (2layers), 4T8R (4layers) and 8T8R (8layers).

	Whether to define dedicated test cases for vehicle devices
· Option 1: Yes, define 8 Rx requirements with two layers, low MCS, channel model with substantial Doppler spread for vehicular use case. 
· Option 2: No

Correlation matrix
· Option 1: Only ULA low,
· Option 2:ULA Low and ULA medium
· Option 3:ULA Low and ULA medium B


According to WID [2], the requirements for 8Rx UE are defined for CPE/FWA/vehicle/industrial devices. Therefore, we are OK to discuss PDSCH requirements for vehicular use case. We propose to use MCS16, 2T8R (2layers), TDLC30-100 to define PDSCH requirements for vehicular use case. Also, considering CPE/FWA/vehicle/industrial devices, the MIMO correlation matrix could be low. Therefore, we propose to define PDSCH requirements with MIMO correlation ULA low.
Proposal 4: Use MCS16, 2T8R (2layers), TDLC30-100 to define PDSCH requirements for vehicular use case.
Proposal 5: Define PDSCH requirements with MIMO correlation ULA low.

According to above proposals for PDSCH requirements, we provide simulation results in Table 1.
Table 1. Simulation results for 8Rx UE
	Bandwidth (MHz) / Subcarrier spacing (kHz)

	Modulation format and code rate
	Rank
	Propagation condition
	Correlation matrix and antenna configuration
	Reference value

	
	
	
	
	
	Fraction of maximum throughput (%)
	SNR (dB)

	40 / 30
	16QAM, 0.48 (MCS13)
	2
	TDLC30-100
	2x8, ULA Low
	70
	2.5

	40 / 30
	16QAM, 0.48 (MCS13)
	4
	TDLA30-10
	4x8, ULA Low
	70
	6.5

	40 / 30
	16QAM, 0.48 (MCS13)
	8
	TDLA30-10
	8x8, ULA Low
	70
	14.7



2.3	SDR requirements
Below, we excerpt the steps to derive MCS upper bounds for SDR requirements proposed in [3]. 
	· Step 1: Calculate maximum TBS value depending on UE capability and CBW/SCS combination for each CC j from selected CA combination






where Rmax = 948/1024,  is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3] and  is the overhead factor equal to [0.14] for FR1 and [0.18] for FR2.
· Step 2: Find upper bound MCS
· 
Step 2-1: Generate list of possible MCS indexes taking into account maximum modulation format capability for each CC j (i.e. list of MCS with modulation format not exceeding maximum one from UE capability): 
· 
Step 2-2: For each MCS index from MCS list  calculate TBS value, using equation from TS 38.214 [3] and SDR test parameters (CBW, SCS, MCS table etc.)


· Step 2-3: Find maximum TBS from Step 2-2 which does not exceed TBS from Step 1


· Step 2-4: Find upper bound MCS corresponding to upper bound TBS from Step 2-3




Based on above steps, we derive MCS upper bounds for two different DMRS configurations in Table 2. One is with additional DMRS and another one is without additional DMRS (proposed in [4]). The MCS used for SDR requirements are defined as the minimum between upper bound MCS and practical MCS, which can be derived based simulation results for the agreed assumptions.



Table 2. Upper bound MCS for 8 Rx SDR requirements
	Maximum number of PDSCH MIMO layers
	Maximum modulation format
	Scaling factor
	upper bound MCS (without additional DMRS)
	upper bound MCS 
(with additional DMRS)
	practical MCS
	requirement MCS 

	8
	8
	1
	27
	27
	TBD
	TBD

	8
	8
	0.8
	23
	27
	
	TBD

	8
	8
	0.75
	22
	27
	
	TBD

	8
	8
	0.4
	12
	16
	
	TBD

	8
	6
	1
	28
	28
	TBD
	TBD

	8
	6
	0.8
	25
	28
	
	TBD

	8
	6
	0.75
	24
	28
	
	TBD

	8
	6
	0.4
	15
	18
	
	TBD

	8
	4
	1
	16
	16
	TBD
	TBD

	8
	4
	0.8
	16
	16
	
	TBD

	8
	4
	0.75
	16
	16
	
	TBD

	8
	4
	0.4
	11
	13
	
	TBD

	8
	2
	1
	9
	9
	TBD
	TBD

	8
	2
	0.8
	9
	9
	
	TBD

	8
	2
	0.75
	9
	9
	
	TBD

	8
	2
	0.4
	5
	6
	
	TBD

	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]



Even though the practical MCS in SDR tests are obtained through simulation based on static channel condition, we think the channel estimation performance for the case with additional DMRS is better than the case without DMRS. Therefore, we propose to define SDR requirements for 8Rx UE under assumption of additional DMRS, which is the same configuration as legacy SDR requirements.
Proposal 6: Define 8Rx SDR requirements under assumption of additional DMRS.
3 Conclusion
In this contribution, we provide our views on 8Rx UE requirements. The proposals are summarized as below:
Proposal 1: Do not define PDCCH requirements for 8Rx UE.
Observation 1: For the scenario of rank larger than 4, the DMRS symbols will collide with TRS symbols when TRS located in symbol#{6, 10}.
Proposal 2: Configure TRS symbols in symbol#{5, 9} when the number of rank larger is than 4.
Proposal 3: Define PDSCH requirements with 2T8R (2layers), 4T8R (4layers) and 8T8R (8layers).
Proposal 4: Use MCS16, 2T8R (2layers), TDLC30-100 to define PDSCH requirements for vehicular use case.
Proposal 5: Define PDSCH requirements with MIMO correlation ULA low
Proposal 6: Define 8Rx SDR requirements under assumption of additional DMRS.
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