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Introduction
This document extends the discussion on the 8Rx UE demodulation and CSI requirements introduced in RAN4 #105 summarized in [7]. 
The agreements reached during the last meeting regarding both 8 RX and CSI requirements are captured on the WFs [1]

The major open topics being:
	· PDSCH requirements
· SDR requirements
· CSI requirements



This paper presents Nokia’s views on the open issues related to the 8Rx UE demodulation and CSI requirements, extending the previous discussion introduced in [2]. We also discuss the critical outcome include two different MCS requirements in case of 2 CWs to model real deployment cases for 8 Rx.

General
Duplex Mode
According to the objectives of Core part of the revised WID [4], both TDD bands (n41, n77/n78 and n79) and n1 for FDD band are described as examples. Hence, it is straightforward for RAN4 to also include FDD in 8Rx UE demodulation requirements. Moreover, the current 4 Rx and 2 Rx specs include requirements for both TDD and FDD. Moving from 4 Rx to 8 Rx does not provide any technical argument to ignore FDD requirements for 8 Rx requirements. 
[bookmark: _Ref127445087]RAN4 to introduce UE demodulation requirements for both TDD and FDD for 8Rx

PDCCH 
By increasing the number of receiving antennas to eight antennas, this WI will clearly impact the SNR performance of PDCCH, even if limited to 1 layer.  Moreover, in [5], a clear performance gain is shown between 2Rx and 4 Rx PDCCH requirements. For convenience, the requirements for 2 Rx and 4 Rx are pasted below: 
[bookmark: _Ref127397167]Table 1: Minimum performance for PDCCH with 2 Rx (Table 5.3.2.2.2-1 in [5])
[image: ]

[bookmark: _Ref127397174]Table 2: Minimum performance for PDCCH with 4 Rx (Table 5.3.2.2.2-1 in [5])
[image: ]
Table 1 and Table 2 show the performance gain/loss of 3,1 dB of PDCCH when the number of antennas increases from 2 to 4 receiving antennas. We expect the same behavior to happen when the number of antennas will be equal to 8, which might touch the side condition of PDCCH (-6 dB). This will be exactly the operating point to be at for the minimum requirements. 
Hence, RAN4 should introduce 8Rx UE demodulations requirements for PDCCH. 
[bookmark: _Ref127445108]RAN4 to introduce 8 Rx UE demodulations requirements for PDCCH.

PDSCH requirements 
Applicable test scenarios 
In RAN4#105, the following has been agreed: 
	Applicable test scenarios
· Focus on PDSCH mapping type A as first priority
· FFS PDSCH mapping type B



The PDSCH mapping type B is a mandatory UE feature as shown below [9] (section 4). The “yes” in the 2nd column indicates that the associated feature is mandatory. 

[image: ]

Furthermore, one of the WI objectives [4] is to enable 8Rx for industrial devices. The industrial use case assumes a very reliable environment with low latency transmissions. This implies short transmissions with short TDRA. This is possible using the PDSCH type B feature. Hence, it is important to also include the PDSCH mapping type B in the 8 Rx UE demodulation requirements.
[bookmark: _Ref127445121]RAN4 to include both PDSCH type A and type B in 8 Rx UE demodulation requirements 
OTA testability 

Currently, only 2 Rx elements can be specified for OTA testing (TS38.508-1). For 8 Rx case, we need to be able to support 2 independent paths/demodulation branches at the same time in radiated test setup. Therefore, it is only possible to perform conductivity conformance testing for this feature; unless modifications are made to the OTA conformance set up.
[bookmark: _Ref127445133]Either OTA testability needs to be enhanced to support 8 Rx for UE demodulation requirements, or testing needs to be constrained to conducted and hybrid modes.
[bookmark: _Ref127445145]RAN4 to test 8RX at least in conducted mode, and RAN4 to discuss the OTA testability for 8 Rx case

Number of layers
In RAN4#105, the following has been agreed: 
	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



In most cases, an 8 Rx capable UE using 2 codewords will receive data using either 5, 6 or 7 layers, in case Rank 8 is not possible. In our view, it is reasonable and important to include at least one rank from {5,6,7} to 8 Rx UE demodulation requirements. 
[bookmark: _Ref127445156]Include at least one rank from {5,6,7} with corresponding applicability rules. 
[bookmark: _Ref127445171]RAN4 to keep Rank 2, Rank4 and Rank8 for the 8 Rx UE demodulation requirements. 

MCS
In layer mapping scheme, up to 4 layers are mapped to one codeword according to TS38.211 [6] (Table 7.3.1.3-1. C). Hence, the UE demodulation will handle 2 codewords in case of number of layers higher than four. This will necessitate the definition of two MCS for each requirement for number of layers greater than 4. 
[bookmark: _Ref118734108]The UE demodulation will be required to handle 2 codewords in case for number of layers higher than four.

In Figure 1 and Figure 2 below, assuming 8 layers and an MCS of 4 (MCS table 4), we show a comparison of the performance of the two codewords based on two different channel models.
[image: ] 
[bookmark: _Ref127160282]Figure 1: Simulation results for 8 layers using TDL model
[image: ]
[bookmark: _Ref127160296]Figure 2: Simulation results for 8 layers using CDL model

In Figure 1, the SNR/BLER of the two codewords is almost the same between the two CWs. This is to be expected, since the used TDL channel does not have a spatial directivity component. As such the DFT based precoding vectors used for each layer, all have on average the same post EQ quality. Hence, when using a TDL channel model no performance gain/loss can be observed from using the same MCS for both CWs.
However, in Figure 2 at least a difference of 14 dB between the 2 codewords is shown. This behavior comes from the spatial directivity component of the chosen CDL channel model. Here differing precoding vectors result in differing post EQ SNR for each layer, depending on the spatial alignment of the precoder with the channel. As such there are now better layers (1-4) which can support a higher MCS, and worse layers (5-8) which require a lower MCS to not be in outage. 
An example of instantaneous post EQ values for each layer is provided below: 
	CW id
	Cw1
	Cw2

	Layer
	Layer 1
	Layer 2
	Layer 3
	Layer 4
	Layer 5
	Layer 6
	Layer 7
	Layer 8

	SNR (dB)
	18,37
	20,41
	18,64
	23,80
	15,59
	17,31
	8,24
	7,87



This means that the simplified TDL model is not relevant and doesn’t represent the real deployment scenario. Therefore, we highly recommend defining the 8 Rx UE demodulation requirements based on the two different MCS in case of number of layers greater than 4. Further study is needed to define the used channel model (either differing from TDL or adding spatial component to TDL, e.g., using power scaling as in [8] (section B.4), as well as the MCS.

[bookmark: _Ref118734129][bookmark: _Ref127445200]RAN4 to define two different MCS for each requirement for rank higher than 4. MCS values and channel model to be defined accordingly. 

Testing 8 Rx feature with a spatially selective channel models will be more accurate. One idea would be to apply a power modelling to the existing TDL model. This gives the TDL channel spatial component which ends on having some layers (precoding vectors) better than others. 
[bookmark: _Ref127445209]RAN4 to discuss the spatial channel models to be used for 8 Rx requirements with number of layers >4 to ensure accurate requirements.

Furthermore, our simulation results in [10], show that Rank 8 with two matching high MCS and high modulation may not be testable in channels in both TDD and FDD. The graphs show that the SNR related to 70% and 30% throughput with Rank 8 MCS 13 TDLA30-10 exceeds 35 dB. It is up to RAN4 to discuss the testable SNR range in conducted testing. 
[bookmark: _Ref127526207]Discuss if modulation order 6 is testable in 8 Rx conducted set up.
Note that we will be bringing simulations with several MCS with modulation order 6 with different coding rates during the meeting. 
Tx Antenna configuration
To reduce the test effort and ensure the testability for each number of layers, we propose to agree the following for the Tx configuration: 
· Rank 1,2: 2T8R
· Rank 3, Rank 4: 4T8R
· Rank 6, Rank8: 8T8R
[bookmark: _Ref127445226]RAN4 to specify 8 Rx requirements considering 2 Tx antennas for Rank 2. 4 Tx for Rank 4, and 8 Tx antennas for Rank 6 and Rank 8. 

Test metric
This WI aims to achieve high throughput. Therefore, the most meaningful KPI to be required/tested for PDSCH is SNR at 70% TPUT, already used for 2 Rx and 4Rx. However, to ensure the testability at high layers, it is reasonable to also include the SNR at 30% throughput. 
Therefore, the following is proposed:
[bookmark: _Ref127445239]Use as evaluation metrics the SNR at which the PDSCH achieves 70% and 30% of throughput to test 8 Rx PDSCH performance.


SDR requirements
MIMO layers and Modulation order 
Based on simulations [10], 8 layers can only be testable with modulation order lower than 4. Moreover, using 1024 QAM, the SNR at 70% exceeds 30 dB. 
[bookmark: _Ref127445254] Define 8 layers requirements using a modulation order lower than 6. 
[bookmark: _Ref127445264]Only define 1024QAM requirements with number of layers <=4.
DMRS configuration
For SDR requirements, define the same DMRS configuration used for PDSCH requirements. 
[bookmark: _Ref127445276]define the same DMRS configuration used for PDSCH requirement for the SDR requirements.

CSI requirements with 8Rx
In the existing specs, the CSI requirements are defined for 1 Rx, 2 RX and 4Rx for both PMI and Rank reporting. Hence, we propose to include the PMI and Rank reporting in the 8 Rx performance requirements to cover the implementation impact by having 8 layers codebooks.
[bookmark: _Ref127445285]RAN4 to extend the PMI and Rank reporting requirements for 8 Rx. 


[bookmark: _Hlk31794208]Conclusion
In this contribution, we have given our view on 8Rx UE demodulation/CSI performance requirements. The proposals are summarized as follows: 
Proposal 1:RAN4 to introduce UE demodulation requirements for both TDD and FDD for 8Rx
Proposal 2:RAN4 to introduce 8 Rx UE demodulations requirements for PDCCH.
Proposal 3:RAN4 to include both PDSCH type A and type B in 8 Rx UE demodulation requirements
Observation 1:Either OTA testability needs to be enhanced to support 8 Rx for UE demodulation requirements, or testing needs to be constrained to conducted and hybrid modes.
Proposal 4:RAN4 to test 8RX at least in conducted mode, and RAN4 to discuss the OTA testability for 8 Rx case
Proposal 5:Include at least one rank from {5,6,7} with corresponding applicability rules.
Proposal 6:RAN4 to keep Rank 2, Rank4 and Rank8 for the 8 Rx UE demodulation requirements.
Observation 2:The UE demodulation will be required to handle 2 codewords in case for number of layers higher than four.
Proposal 7:RAN4 to define two different MCS for each requirement for rank higher than 4. MCS values and channel model to be defined accordingly.
Proposal 8:RAN4 to discuss the spatial channel models to be used for 8 Rx requirements with number of layers >4 to ensure accurate requirements.
Proposal 9:Discuss if modulation order 6 is testable in 8 Rx conducted
Proposal 10:RAN4 to specify 8 Rx requirements considering 2 Tx antennas for Rank 2. 4 Tx for Rank 4, and 8 Tx antennas for Rank 6 and Rank 8.
Proposal 11:Use as evaluation metrics the SNR at which the PDSCH achieves 70% and 30% of throughput to test 8 Rx PDSCH performance.
Proposal 12:Define 8 layers requirements using a modulation order lower than 6.
Proposal 13:Only define 1024QAM requirements with number of layers <=4.
Proposal 14:define the same DMRS configuration used for PDSCH requirement for the SDR requirements.
Proposal 15:RAN4 to extend the PMI and Rank reporting requirements for 8 Rx.
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