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[bookmark: _Toc116995841]Introduction
This document extends the discussion on the 8Rx UE demodulation and CSI requirements introduced in RAN4 #105 summarized in [1], discussions were continued at RAN4 #106 where the way forward was summarized in [3]. 
The agreements reached during the last meeting regarding both 8 RX and CSI requirements are captured on the WFs [2]
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 PDSCH demodulation, extending the previous discussion introduced in [6]. We also discuss the critical outcome include two different MCS requirements in case of 2 CWs to model real deployment cases for 8 Rx.
This discussion is supported by simulation results provided in [4]

[bookmark: _Toc116995842]Discussion
Within this paper, we discuss the parameters defined for simulation and definition of requirements for PDSCH within RAN4#106, furthermore we make a series of observations and recommendations based on Nokia’s activities thus far. 

[bookmark: _Ref131508022]Table 1 : Common simulation assumptions
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	TDD pattern
	
	7D1S2U
S=6D:4G:4U

	SCS(kHz)/Bandwidth (MHz)
	
	30/40

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Number of HARQ Processes
	
	8

	Maximum HARQ transmissions
	
	4

	Tx EVM (Explicitly modelled in the simulation)
	
	64QAM:6%
256QAM:3%




MIMO Layers & Antenna Configuration
As agreed at RAN4 #106 [3], PDSCH requirements will be defined for rank 2,4 and 8 for PDSCH requirements for 8Rx. This enables requirements to be set for low multiple layer capabilities, the maximum layers (with one codeword), and the maximum layer with two codewords.
In order to enable these rank configurations, the relevant antenna configurations were agreed as 2T8R, 4T8R, and 8T8R as Rank 2,4, and 8 respectively.
Nokia has conducted simulations on these rank parameters, for which details can be found in [4].

Antenna Correlation
As agreed at RAN4 #106 [3], PDSCH requirements will be defined in different correlation correlations and configurations, specifically, ULA Medium B for Rank 2 and ULA Low for Rank 4 and Rank 8.
As per the study activity that Nokia has been conducting on Rank 8 and as the results have been presented in [4] and discussed in section 2.4.2 we have also been using correlation channels to simulate the spatial effects observed in real MIMO channels, which cause different performance on different MIMO layers, as such requiring two MCS to be used in order to optimize performance.
[bookmark: _Toc131770798]For Rank 8 and two MCS, medium correlations coupled with fixed precoding matrix choices enable simulations to exhibit variable layer performance (average per-layer post-EQ SINR).
[bookmark: _Toc131770799]We propose that RAN4 shall use medium B correlation in addition to the agreed ULA Low for Rank 8.

Propagation Conditions
Prior agreements
As agreed at RAN4 #106 [3], PDSCH requirements will be defined in TDLC 300-100 and TDLA 30-10 for Rank 2 and TDLA 30-10 only for Rank 4 and 8.
Therefore, all Rank parameters will be defined in TDLA 30-10, with Rank 2 also defined for TDLC 300-100.
Nokia has conducted simulations on these rank parameters, for which details can be found in [4].


Spatial channel modelling and 2CW
Nokia has been conducting simulations to verify the FFS on Spatial channel modelling to support two separate MCS codewords in case of rank greater than 4, and early results indicate that the previously proposed beamforming model is not required. An easier way based on TDL is further discussed in section 2.4.2.
[bookmark: _Toc131770800]Early Simulation results show that a beamforming model is not required to produce the spatial modelling and modelling effects to introduce average per-layer post-EQ SINR performance differences in rank 8 demodulation.
[bookmark: _Toc131770801]We propose that for simulation of per layer performance for Rank 8 to close FFS on the beamforming model. 
Instead, we should focus on correlation-based antenna and channel effects to simulate per layer performance differences for Rank 8, specifically we proposed RAN4 shall use ULA Medium B on Rank 8 simulations with fixed precoders.

MCS Configuration
Current MCS configuration
As proposed in the WF following RAN4 #106 [3], initially MCS choices are summarized in Table 2. All MCS are quoted from the ‘256 QAM table’ (table 2).
[bookmark: _Ref131426860]Table 2 : Summary of MCS Configurations agreed at RAN4 #106
	Rank
	MCS
	Channel Correlation
	Propagation Condition

	2
	26 
	ULA Low

	TDLA 30-10


	
	23 
	
	

	
	19
	ULA Medium B
	

	
	16
	
	

	
	23
	ULA Low
	TDLC 300-10

	
	19
	ULA Medium B
	

	
	16
	
	

	4
	26
	ULA Low
	TDLA 30-10

	
	17
	
	

	8
	20 (Both CW)
	
	

	
	13 (Both CW)
	
	



Based on simulation results provided in [4], we recommend to define requirements for Rank8 with MCS20, Rank4 and Rank8 with higher MCS20. 
[bookmark: _Toc131770802]RAN4 to define requirements for 8Rx UE demodulation with MCS 20 for Rank8 and MCS26 for Rank2 and Rank4.

[bookmark: _Ref131408194][bookmark: _Ref131488298]Two Different MCS Codeword Discussion for Rank 8
Average post equalization SINR per layer in TDL low
For configurations above Rank 4 TS 38.211 [5] specifies the use of two separate codewords. This is since each MIMO layer will have variable performance in a realistic channel with correlation across the relevant demodulation branches, corresponding to a realistic channel. Nokia demonstrated this effect using a Cluster Delay Line model at RAN4 #106 [5] and it was further agreed this would be FFS for RAN4 #106-bis-e [3].
To reiterate the concerns raised in [5] if a simple TDL model is used with no spatial correlation between layers, then no spatial component is introduced, and each layer exhibits the same average post equalization SINR.
	[image: ]


[bookmark: _Ref131501091][bookmark: _Ref131501082]Figure 1 : Impact of TDL with no spatial correlation on MIMO per layer SNR

[bookmark: _Toc131770803]A TDL model with no correlation will not provide layer-dependent performance, therefore each layer within Rank 8 will have the same performance, as such the maximum achievable MCS for CW 1 and CW 2 will be the same.
Furthermore, the choice of precoding vector per layer does not matter in TDL low environments. Every precoder will exhibit the same performance, hence the common observations that “0” index precoder and random precoding perform the same in TDL low.
Visually this can be thought of as the TDL model creating completely independent realizations of channel coefficients between all TX/RX pairs, where the coefficients have the same mean power. The mean is decided by the frequency selectivity of the tap delay pattern and the same for all coefficients per RE.
The low correlation (identity) matrix then directly forwards waveforms without losses or constructive/destructive interference. Statistically all energy going into the channel arrives at the output and is collected in the RX branches; completely independently of the chosen (commonly power normalized) precoding vectors.
Or said differently, the channel does not possess a spatial property. All precoding directions result in the same receive energy.
[bookmark: _Toc131770804]The choice of precoding vectors in a TDL model with no correlation is of no consequence for observed BLER/TPUT performance.

Average post equalization SINR per layer in deployment and MCS choice per CW
In a real deployment, it is observed that some MIMO layers will perform worse than others, with the maximum achievable per CW/TB performance being dominated by the performance of the worse layers within a CW (i.e., either layers 1-4 or layers 5-8). 
Note: Depending on coding rates, the MCS choice is likely dominated by the worst or second to worst layer, as the coding rate decides how much payload bits the CW can stand to lose from the layers being undecodable.
This can be observed in Figure 2, which shows example per layer (average) performance or rather quality, where the MCS (vertical bar) is chosen to be different across both CW in either a real deployment, or a simulation whereby variable performance per layer can be emulated.

	[image: ]


[bookmark: _Ref131448160]Figure 2 : Variable per layer SNR performance and the impact of 2 different MCS

In Figure 3 we show the concerns raised if the MCS is chosen to be the same across both CW in either a real deployment, or a simulation whereby variable performance per layer can be emulated. As can be seen the overall TPUT in this scenario would be significantly limited.
	[image: ]


[bookmark: _Ref131448155]Figure 3 : Variable per layer SNR performance and the issue when using the same MCS.

Interaction of antenna correlation and precoding vectors
In an effort to find an acceptable way to quickly model differencing average per layer SNR, we have been conducting studies on using a fixed MIMO precoder (PMI) along with TDL channels and spatial correlation.
Previously we argued that a TDL low correlation channel has no spatial component, or “preference”.
However, it was understood from the very early studies of TDL in demodulation performance[7] [8] that TDL model can be enhanced with a simple linear spatial transformation on top of the independently created channel coefficients:
[image: ]
Figure 4 : Space-correlation shaping transformation for TDL models [8]
The medium and high correlation models defined in LTE and NR for use with TDL models, constitute valid space-correlation transformations (i.e., “beamformers”) and impart the channel a spatial preference, especially via the receiver side correlation. We note that the combination of assumed ULA lambda/2 antenna architecture and the now inter RX element correlation/interaction are responsible for the beamforming interpretation of the non-phase shifting correlation definitions.
Now that the channel has a spatial preference, it is straightforward to see how the choice of precoding vectors for layers (especially in their oversampled DFT beamforming vector interpretation) can lead to either “aligned layers/precoder” that transfer most of their energy to the receiver or can lead to “misaligned layers/precoders”.
[bookmark: _Toc131770805]TDL channels with correlation have spatial preferences, that can either be matched or be misaligned with the precoding vector chosen for each layer.
As a quick reminder we restate the precoding vectors for single panel codebooks with 8 tx ports, and index i11=0, i12=0, i2=0 (neither mode, nor subband/wideband matters in this case):
	
	CW1
	CW2

	Layer
Port
	1
	2
	3
	4
	5
	6
	7
	8

	1
	0.1250 + 0.0000i
	0.1250 + 0.0000i
	0.1250 + 0.0000i
	0.1250 + 0.0000i
	0.1250 + 0.0000i
	0.1250 + 0.0000i
	0.1250 + 0.0000i
	0.1250 + 0.0000i

	2
	0.1250 + 0.0000i
	0.1250 + 0.0000i
	0.0000 + 0.1250i
	0.0000 + 0.1250i
	-0.1250 + 0.0000i
	-0.1250 + 0.0000i
	-0.0000 - 0.1250i
	-0.0000 - 0.1250i

	3
	0.1250 + 0.0000i
	0.1250 + 0.0000i
	-0.1250 + 0.0000i
	-0.1250 + 0.0000i
	0.1250 - 0.0000i
	0.1250 - 0.0000i
	-0.1250 + 0.0000i
	-0.1250 + 0.0000i

	4
	0.1250 + 0.0000i
	0.1250 + 0.0000i
	-0.0000 - 0.1250i
	-0.0000 - 0.1250i
	-0.1250 + 0.0000i
	-0.1250 + 0.0000i
	0.0000 + 0.1250i
	0.0000 + 0.1250i

	5
	0.1250 + 0.0000i
	-0.1250 + 0.0000i
	0.1250 + 0.0000i
	-0.1250 + 0.0000i
	0.1250 + 0.0000i
	-0.1250 + 0.0000i
	0.1250 + 0.0000i
	-0.1250 + 0.0000i

	6
	0.1250 + 0.0000i
	-0.1250 + 0.0000i
	0.0000 + 0.1250i
	-0.0000 - 0.1250i
	-0.1250 + 0.0000i
	0.1250 - 0.0000i
	-0.0000 - 0.1250i
	0.0000 + 0.1250i

	7
	0.1250 + 0.0000i
	-0.1250 + 0.0000i
	-0.1250 + 0.0000i
	0.1250 - 0.0000i
	0.1250 - 0.0000i
	-0.1250 + 0.0000i
	-0.1250 + 0.0000i
	0.1250 - 0.0000i

	8
	0.1250 + 0.0000i
	-0.1250 + 0.0000i
	-0.0000 - 0.1250i
	0.0000 + 0.1250i
	-0.1250 + 0.0000i
	0.1250 - 0.0000i
	0.0000 + 0.1250i
	-0.0000 - 0.1250i



The reasoning for defining a singular PMI rather than use of random pre-coder is due to the fact that if a random choice was chosen, the per layer SNR would be randomized in accordance with the random PMI leading to a situation similar to Figure 1, as each PMI could favour different layers in a fixed channel design which ultimately would lead to an average SNR per layer that is the same across all of the layers.
For the above reasoning, we have conducted analysis on the use of PMI index (i_11: 2, i_12: 0, i_2:1), and ULA Medium B, in TDLA 30-10 propagation condition. The precoder was chosen since it should allow for almost all layers to be demodulated; there is only one precoding vector in CW2 seriously misaligned with the spatial correlation preference.
This has enabled the results in Figure 5 to be produced, whereby it is possible to observe that this scenario matches closely the per layer variation of a real output channel which we may expect, as shown in Figure 2.
	




[bookmark: _Ref131506423]Figure 5 : Output scaled SNR per Layer from i_2 =1, i_11 =2, ULA Medium B simulation
Leading us to the following observation and proposal:
[bookmark: _Toc131770806]ULA Medium B enables PDSCH simulations with rank greater than 4 to exhibit variable performance per codeword
[bookmark: _Toc131770807]We propose that RAN4 shall define performance for Rank 8 in ULA Medium B.

Differing CW BLER, MCS choice, and finding of one SNR test point
As the performance per layer (and per codeword) is variable in the ULA Medium B channel with this PMI configuration, it enables two MCS to be defined to enable maximum available TPUT/BLER for a given channel SNR. 
In the following we present the per CW BLER results for the configuration of (all non-mentioned parameters as per baseline):
· Channel model: TDLA30-10.
· Correlation model: ULA Medium B
· Precoder: 
· CodebookType = 'Type1SinglePanel'
· N1 = 4, N2 = 1
· O1 = 4, O2 = 1
· [CodebookMode and wideband/subband are irrelevant for performance]
· i11=2, i12=0, i2=1 (i12 is fixed 0 in ULA with this configuration. All indices counting from “0)
· CW1: MCS = {[2,] 4, 5} (64QAM table)
· CW2: MCS = 0 (64QAM table).
Leading us to the following results:
	i11=2, i12=0, i2=1; medium correlation B

	[image: ]
	[image: ]


[bookmark: _Ref131770792]Figure 6 : BLER and TPUT performance of 2 separate MCS codewords, with selected precoder.

From Figure 6 many observations can be made.
First, the combination of TDL medium correlation B and PMI i11=2, i12=0, i2=1, leads to a propagation environment that has good quality layers for CW1 and worse (but still decodable) layers for CW2, which reflects practical deployment.
Second, the BLER/TPUT curve of CW1 shifts horizontally with chosen MCS, as would be expected. However, there is not choice that perfectly matches the curves of CW1 and CW2. 
Hence the RAN4 demod procedure of setting one SNR point for 70% TPUT needs some minor adaptation. We now have two different 100% TPUTs (for CW1 and CW2). The overall 100% should be the sum of both CWs, as before. Then a MCS for CW1 should be chosen that is reaching 70% CW1 TPUT before CW2 is reaching (e.g., MCS1=4 an MCS2=0). SNR point is then defined as the CW1+2 70% TPUT point.

	i11=0, i12=0, i2=0; medium correlation A, TDLC300-100

	[image: ]


[bookmark: _Ref131598301]Figure 7 : BLER performance of 2 separate MCS codewords, with baseline “0” precoding index.
As cross-verification we see form Figure 7 that some PMI choices are very badly suited to TDL medium spatial correlation matrices. With the baseline “all 0” precoding index, CW2 is interference dominated and cannot be decoded at any SNR level.

[bookmark: _Toc131770808]Using Medium B correlation channel and PMI i11=2, i12=0, i2=1 is exhibiting realistic performance to define two separate MCS for Rank 8.
[bookmark: _Toc131770809]We propose that RAN4 shall define a requirement with two different MCS for CW 1 and CW 2 for Rank 8. We propose the configuration as follows:
- Channel model: TDLA30-10.
- Correlation model: ULA Medium B.
- Precoder: Type1SinglePanel; N1 = 4, N2 = 1, O1 = 4, O2 = 1; i11=2, i12=0, i2=1.
- MCS: CW1: MCS = 4 (64QAM table); CW2: MCS = 0 (64QAM table).

To summarize the discussion on two MCS the updated MCS, Correlation and Propagations can be observed in Table 3.
[bookmark: _Ref131508025]Table 3 : Updated MCS, Correlation and Propagation Conditions for simulation
	Rank
	MCS
	Channel Correlation
	Propagation Condition

	2
	26 (256 QAM table)
	ULA Low

	TDLA 30-10


	
	23 
	
	

	
	19
	ULA Medium B
	

	
	16
	
	

	
	23
	ULA Low
	TDLC 300-10

	
	19
	ULA Medium B
	

	
	16
	
	

	4
	26
	ULA Low
	TDLA 30-10

	
	17
	
	

	8
	20 (Both CW)
	
	

	
	13 (Both CW)
	
	

	
	4 (CW 1), 0 (CW 2)
	ULA Medium B
	




Mapping Type
As agreed at RAN4 #106 [3], initial focus would be on PDSCH mapping type A, FFS on type B. We expect that due to the moderate doppler applied in the propagation conditions for this WI, we will not exhibit any difference between type A and type B.
This is supported by the simulation results provided in [4].
[bookmark: _Toc131770810]There is no significant difference in performance results from mapping type A and type B for the scenarios presented with RAN4.
[bookmark: _Toc131770811]For all propagation scenarios simulated, the same requirements shall be used for PUSCH Mapping Type A and Type B.

NZP CSI-RS overlapping with PDSCH for CSI-RS ports larger than 4
The following issue was raised at RAN4 #106 [3],
	Issue 2-11: Whether consider scenarios with configuration of NZP CSI-RS overlapping with PDSCH for CSI-RS ports larger than 4Tx
· Option 1: Yes, also define ‘Minimum requirements for PDSCH Mapping Type A and CSI-RS overlapped with PDSCH’ for 8Rx UE similar as 5.2.2.1.2, 5.2.3.1.2 in 38.101-4.
· Option 2: No




It is our understanding that NZP CSI-RS overlapping with the PDSCH in certain repeating slots, is standard deployment. As such we see it useful to define requirements for such a scenario to bound the minimum performance of the 8RX receiver in such puncturing cases.
[bookmark: _Toc131770812]RAN4 shall define ‘Minimum requirements for PDSCH Mapping Type A and CSI-RS overlapped with PDSCH’ for 8Rx UE with 8 port CSI-RS (row 6).


[bookmark: _Toc116995848]Conclusion
In this paper, we have assessed the current direction of the 8Rx WI, specifically PDSCH UE Demodulation performance. We have provided recommendations where agreements need to be made and requirements defined. Furthermore, we have provided updated results and analysis based on prior agreements at RAN4 #106 in order to specify the performance of PDSCH demodulation.

Specifically, in the paper, the following Observations and Proposals were made:
Observation 1: For Rank 8 and two MCS, medium correlations coupled with fixed precoding matrix choices enable simulations to exhibit variable layer performance (average per-layer post-EQ SINR).
Proposal 1: We propose that RAN4 shall use medium B correlation in addition to the agreed ULA Low for Rank 8.
Observation 2: Early Simulation results show that a beamforming model is not required to produce the spatial modelling and modelling effects to introduce average per-layer post-EQ SINR performance differences in rank 8 demodulation.
Proposal 2: We propose that for simulation of per layer performance for Rank 8 to close FFS on the beamforming model.  Instead, we should focus on correlation-based antenna and channel effects to simulate per layer performance differences for Rank 8, specifically we proposed RAN4 shall use ULA Medium B on Rank 8 simulations with fixed precoders.
Proposal 3: RAN4 to define requirements for 8Rx UE demodulation with MCS 20 for Rank8 and MCS26 for Rank2 and Rank4.
Observation 3: A TDL model with no correlation will not provide layer-dependent performance, therefore each layer within Rank 8 will have the same performance, as such the maximum achievable MCS for CW 1 and CW 2 will be the same.
Observation 4: The choice of precoding vectors in a TDL model with no correlation is of no consequence for observed BLER/TPUT performance.
Observation 5: TDL channels with correlation have spatial preferences, that can either be matched or be misaligned with the precoding vector chosen for each layer.
Observation 6: ULA Medium B enables PDSCH simulations with rank greater than 4 to exhibit variable performance per codeword
Proposal 4: We propose that RAN4 shall define performance for Rank 8 in ULA Medium B.
Observation 7: Using Medium B correlation channel and PMI i11=2, i12=0, i2=1 is exhibiting realistic performance to define two separate MCS for Rank 8.
Proposal 5: We propose that RAN4 shall define a requirement with two different MCS for CW 1 and CW 2 for Rank 8. We propose the configuration as follows: - Channel model: TDLA30-10. - Correlation model: ULA Medium B. - Precoder: Type1SinglePanel; N1 = 4, N2 = 1, O1 = 4, O2 = 1; i11=2, i12=0, i2=1. - MCS: CW1: MCS = 4 (64QAM table); CW2: MCS = 0 (64QAM table).
Observation 8: There is no significant difference in performance results from mapping type A and type B for the scenarios presented with RAN4.
Proposal 6: For all propagation scenarios simulated, the same requirements shall be used for PUSCH Mapping Type A and Type B.
Proposal 7: RAN4 shall define ‘Minimum requirements for PDSCH Mapping Type A and CSI-RS overlapped with PDSCH’ for 8Rx UE with 8 port CSI-RS (row 6).
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