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1. Introduction
In the RAN (Plenary) Meeting #94e, a new Work Item (WI) was approved targeting MIMO evolution for Downlink (DL) and Uplink (UL). The 5th objective of the aformentioned WI is:
“Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study”
The lagacy specifications include support of up to 4 UL TX ports, allowing up to 4 trasnmission layers with Codebook and Non-Codebook based schemes.
· The codebook transmission scheme entails providing the UE with a specific Transmit Precoder Matrix Indicator (TPMI) chosen from a predefined codebook, based on non-precoded SRS transmission.
· The non-codebook scheme, on the other hand, relies on channel reciprocity, to deduce general precoding weights. Those weights are in turn used to precode SRS. Up to 4 SRS resources in one SRS Resource Set are configured, with only one port per SRS resource. The Network (NW) indicates to UE which precoding weights to use, in addition to the trasnsmission rank, through SRS Resource Indicators (SRI).

In this document, we discuss enhancememnts to TPMI and SRI targeting both codebook and non-codebook transmission to enable up to 8 TX UL operation .

2. Dual Code-word for >4-layer
Working Assumption
· For uplink transmission with rank>4, support dual CW transmission.
In the last meeting, we have the majority support for dual-codeword on rank>4 transmission. In the simulations, we enable dual CWs for rank>4 and codeword to layer mapping is carried according to the DL procedure. We try to compare the throughput results of dual CW with single CW based transmission (1CW for rank up to 8). The evaluations are conducted according to the agreed Evaluation methodology for the AI 9.1.4.2 in UMa (outdoor) and UMi (indoor) scenarios (as in Appendix). For the evaluations, UE antenna layout 1a is considered with single panel 2x2 which is dual polarized. Reduced DL Type I CBs with oversampling factor 2 is considered for transmission in the simulation. In the Figure 1, single CW is considered as baseline for evaluation and cell Avg. throughput gains are presented in terms of percentages. From the simulations, we observe that the difference between single and dual CW transmission in terms of cell Avg. throughput is not so significant it is hardly upto 4% in some cases. Though our preference is to support single CW transmission, because of its implementation flexibility, we confirm the working assumption on support for dual CW in case of rank>4 to make progress in the WI.
Proposal 1: Confirm the working assumption on dual codeword support for rank>4 in UL.
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Fig 1. Single and Dual CW performance comparison.

3. Codebook and NCB design enhancements for 8Tx
Agreement: RAN1 further studies Alt1b and Alt2a for down-selection of one of the two in RAN1 meeting #110b-e.
	•	Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives

Alt-1b and Alt-2a are the main contenders for the codebook design approach in this agenda item. The two approaches mainly differ in case of Full coherent UEs. In Alt-1b, DL Type I based codebooks is considered as starting point for Full coherent UEs whereas in Alt-2a, Legacy UL 2Tx/4Tx based CBs are considered for Full coherent UEs. On the other hand, both the alternatives have the same approach of Legacy based CBs for Partial and No coherent UEs. We all know that Legacy 4Tx CBs of full coherent UE can be deduced from DL Type I CBs of 4Tx by fixing the oversampling and co-phasing factors. Thus, the performance of Legacy CBs (4Tx) is capped by DL Type I (4Tx). We further see similar behavior with 8Tx CBs (through simulations) as we add a cophasing factor in concatenating the Legacy 2Tx/4Tx codebooks whereas the DL Type I inherently has to co-phasing and oversampling factors.
We conduct SLS simulations to compare the Legacy 4Tx concatenated 8Tx CBs with DL Type I 8Tx CBs with oversampling factor 2. In the below results, DL Type I is considered as Baseline for evaluation and the gains (or loss) of Legacy based CBs is presented in terms of percentage. We see that the DL Type I CBs has better performance compared to Legacy based CBs justifying the principle that DL Type I is superset of Legacy CBs. Thus, DL Type I has advantages over Legacy concatenated CBs and need to be down selected for full coherent UEs. For the simulations, we consider UE antenna layout of 2x2 with dual polarization and other simulation parameters as mentioned in Appendix. 
To check the performance of CBs in the presence of different phase offsets across the Tx antenna ports, we conduct evaluations in SLS. Identically distributed random phase offsets are observed across the transmission ports. These phase offsets are observed due to the Timing misalignment error occurred differently on different Tx ports. As it changes due to temperature variations, the offset we assume are kept constant across the simulation time. To analyze the performance of CBs, the phase offsets are modelled as U [-X, X] where X can be varied over multiple phase angles. In our simulations, we consider X=90, 180 degrees. From the evaluations as shown in below figures, we observe no difference in the trends of SE performance. Each channel coefficient is modelled with 12 clusters and each cluster with 20 rays. In such scenario with random channel coefficients across Tx ports, we cannot expect the linear ramp in the phase of the received signal from the multiple transmission ports even with phase calibration. Thus, the timing alignment error which induce an additional phase offset does not have any additional impact on the system as observed in the SLS simulations.
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Fig 2a. In the absence of Phase offsets 							Fig 2b. In the presence of Phase offset U [-180,180 deg]

[bookmark: _Hlk118299426]Observation 1: The phase offsets across the Tx ports do not have any impact on the performance of the CBs. DL Type I CB always dominate in the performance when compared with the Legacy concatenated CBs.
Proposal 2: Down select Alt-1b because of its superior performance over Alt-2a CBs. 
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Fig 3. Phase variation over the signal from Tx ports.
The phase variations on the received signals from the Tx ports are expected to be in linear ramp in single cluster with single ray model. But it is too idealistic to assume linear ramp phase over the signal from Tx ports in the channel with too many clusters. In case of multiple clustered channel model, the phase of the channel across Tx ports is randomly distributed and the additional phase offset will not play a significant role in the cell average SE performance as observed from our simulations. As the DL Type-I CB is robust enough in the presence of clustered channel model, the additional phase offset of 180 degrees has no significant impact on the performance.






3.1.2 CBs for Multi-panel 
Agreement
Support the following cases for codebook design for 8TX precoders
· Full coherent precoders with Ng=1
· FFS: Full coherent precoders with Ng=2, Ng=4
· Partial coherent precoders with Ng=2 and Ng=4
· This does not imply any relation with the number of TPMI indications for 8TX precoder
· Non-coherent precoders

In the last meeting, it is agreed to consider multiple panel (or group) based UL 8Tx transmission mainly for Partial coherent UE. It is prioritized to design the CBs for Ng=2 and Ng=4. Full coherent CBs are prioritized in case of single panel UE. We further would like to avoid the full coherent transmission in other than single panels. As it is hard to maintain coherence across the panels, full coherent CBs find no relevance in case of multi panel UE. 
Proposal 3: Deprioritize Ng=2 and Ng=4 for Full coherent UE. Ng=1 Single Panel should be considered for Full coherent CB design.
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Partial and No coherent CBs to be considered for multi-panel (Ng>1) UE antenna layout. When the UE cannot maintain phase coherence across all 8 TX ports, UL transmission on TX antennas will have to reflect this limitation in CBs. We need to design the CBs for those UEs which are partially or even non coherent. The antennas which are coherent should be considered as one group and the codebook weights corresponding cross-panels are considered as zeroes.  Both the alternatives Alt-1b and Alt-2a have Legacy 2Tx/4Tx based approach for Partial/No coherent UEs. In case of partial coherence, there could be number of possibilities on how many coherence groups can be formed from the 8Tx antennas. For the ease of codebook design, we prefer to start the CB design with couple of possibilities with more practical usage. The codebook design for partially coherent UE with two groups (with four coherent antennas in one group) and four groups (with two coherent antennas in one group) as agreed in last meeting. 
In this paper, we consider the case with two groups of coherent antennas where in each group with 4 antennas are coherent and across the groups, coherency is not expected. In this scenario, the CBs of UL 8Tx can be prepared concatenating the Legacy 4Tx CBs. We present rank-wise approach for CB selection using the Legacy 4Tx CBs. For each rank, there are multiple approaches to select the precoder by using Legacy UL 4Tx CBs. In each case, if the rank<5 then we can use either of the panels to transmit all the layers or use both the panels. We can concatenate multiple lower rank precoders or use a single 4Tx precoder corresponding to rank of the channel matrix over both or single panels respectively. 



Fig 5. Possible CB design for Partial coherent UE
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In case of rank>4, multiple 4Tx Legacy precoders should be appended to generate a single 8Tx precoder as shown in the above figure where element ’s from one precoder and element ’s from another precoder of Legacy 4Tx. Each 8Tx precoder can be generated from concatenating Legacy precoders in multiple combinations as shown in the above figure. Consider an example of rank 5 precoder which can be generated using the combinations of 1. Rank 4 + Rank 1 precoders, 2. Rank 3 + Rank 2 precoders. Thus, the overhead is significant as given in Table I for Ng=2, and we need to see the performance benefits of supporting significant control overhead. Thus, the CB design of Partial coherent UE needs further study for 8Tx that can have low feedback overhead. One possible way is to consider only coherent CBs within the coherent group. As it is practical to assume full coherence within panel (or group), we can use only 4Tx/2Tx full coherent CBs and avoid partial coherence or no coherent CBs thereby reducing the feedback overhead.
Table I: Total possible codebooks with two coherent groups (Ng=2).
	Rank Value
	Total CB Search space
(No of CBs)

	Rank 1
	56

	Rank 2
	828

	Rank 3
	1246

	Rank 4
	886

	Rank 5
	588

	Rank 6
	269

	Rank 7
	70

	Rank 8
	25




[bookmark: _Hlk118299340]Proposal 4: Study on the CB design for Partial coherent UEs on how to concatenate the Legacy 4Tx/2Tx CBs with low feedback overhead.
Proposal 5: Consider 4Tx/2Tx Legacy full coherent CBs only in generating partial coherent CBs of 8Tx to reduce the feedback overhead by avoiding partial/no coherent 4Tx/2Tx CBs.


4. Conclusion
Observation 1: The phase offsets across the Tx ports do not have any impact on the performance of the CBs. DL Type I CB always dominate in the performance when compared with the Legacy concatenated CBs.

Proposal 1: Confirm the working assumption on dual codeword support for rank>4 in UL.
Proposal 2: Down select Alt-1b because of its superior performance over Alt-2a CBs. 
Proposal 3: Deprioritize Ng=2 and Ng=4 for Full coherent UE. Ng=1 should only be considered for Full coherent CB design.
Proposal 4: Study on the CB design for Partial coherent UEs on how to concatenate the Legacy 4Tx/2Tx CBs with low feedback overhead.
Proposal 5: Consider 4Tx/2Tx Legacy full coherent CBs only in generating partial coherent CBs of 8Tx to reduce the feedback overhead by avoiding partial/no coherent 4Tx/2Tx CBs. 
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Appendix
	
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h  
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h  

	Parameter  
	Value  
	Value  

	Channel model  
	38.901  
	38.901  

	System bandwidth  
	20 MHz
	20 MHz

	gNB RX antenna setup and port layouts     
	Outdoor FWA :   (8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆  
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆     
	Indoor FWA :   (8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆  
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆  

	Antenna radiation pattern parameters  
	38.901  
	38.901  

	gNB receiver noise figure  
	5dB   
	5dB   

	gNB receiver  
	MMSE-IRC  
	MMSE-IRC  

	gNB scheduler  
	Single user with proportional fair  
	Single user with proportional fair  

	Modulation  
	-    Up to 256QAM    
	-     Up to 256QAM    

	MIMO scheme  
	SU-MIMO with rank adaptation  
	SU-MIMO with rank adaptation  

	UE speed  
	3 Km/hr
	3 Km/hr

	UE TX antenna configuration  
	To be defined according to outcome of Proposal 2.1  
	To be defined according to outcome of Proposal 2.1  

	CBs  
	Legacy Concatenated, DL Type I

	Legacy Concatenated, DL Type I


	Precoder granularity  
	Wideband  
	Wideband  

	Power control  
	Open loop, -    alpha = 0.8-    P0= -50 dBm 
	Open loop, -    alpha = 0.8-    P0= -80 dBm 

	UE power rating  
	32 dBm 
	23 dBm 

	Metric  
	UL mean-user throughput
	UL mean-user throughput
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