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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. Single Code-word vs 2 Code-words
As it is agreed to support maximum 8-layer transmission based on the UE capability in the last RAN meeting, now we must decide the maximum number of code-words (CW) that must be supported in the UL with 8Tx. In the DL, we have 2CW transmission for layers greater than 4. To analyze the benefits of single and dual CWs, we conduct SLS simulations in Full-buffer traffic. In the simulations, we enable dual CWs for rank>4 like 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.
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Fig 1. Single and Dual CW performance comparison.
In the simulation, we do not consider adaptive re-transmissions i.e., MCS is not changed for the re-transmissions of the CW. If we enable adaptive re-transmissions in the simulations, the MCS keeps on changing for re-transmissions as well. With more variations in MCS, the single CW and dual CW may even get closer. Thus, the benefits of dual CW will further be reduced in comparison with single CW transmission. Besides, from the perspective of UE complexity, dual CW transmission is more as it need to support for dual encoder engines. The performance improvement is not significant for the cost of hardware complexity in case of dual CW transmission in UL.
[bookmark: _Hlk115175959][bookmark: _Hlk110370875]Observation 1: Limited performance gain in terms of UL cell average throughput can be observed when comparing single and dual CW transmission schemes for  >4-layers.
Proposal 1: Support single CW over dual CWs for >4-layer transmission as the performance gain of dual CW is limited in UL.

3. Codebook and NCB design enhancements for 8Tx
3.1 CB design for Full coherent UE
3.1.1 Single Panel
As it was concluded during R1-110, Alt-1b and Alt-2a are the main contenders for the codebook design approach in this agenda item. Where:
Alt1-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
·Alt2-a:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook for fully/partially/non-coherent UEs

 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 is capped by DL Type I. We conduct SLS simulations to compare the Legacy 4Tx based 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 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. 
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Fig 2. DL type I vs Legacy based 8Tx CBs

Further, the CBs for 8Tx cannot be tabulated unlike the existing Legacy CBs because of increased size and search space of 8Tx compared to 4Tx. The CBs for 8Tx must be represented using mathematical expression like DL Type I. We can further study on the reduction of overhead of DL Type I CBs to reduce the DCI overhead. On the other hand, Legacy concatenated CBs also has significant overhead as multiple combinations of 4Tx CBs need to be considered to obtain the 8Tx CBs. For example, Rank 5 CBs can be obtained by concatenating rank 4 and rank 1 of 4Tx CBs or by concatenating rank 2 and rank 3 CBs thereby increasing the search space of CBs and increasing the control overhead. Further the standardization efforts are low if DL Type I CBs is down selected as starting point. DL Type I CBs are complete in the sense it includes the co-phasing factors implicitly for dual-polarized antennas and well-studied in DL. 

Observation 2: DL Type I SP CB can be considered for the codebook design as it has better performance compared to the Legacy based CBs for full coherent UEs. 
Proposal 2: Due to superior performance, down select Alt-1b for 8TX codebook design:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs

3.1.2 CBs for Multi-panel 
In the last meeting, it is agreed to support multiple panel (or group) based UL 8Tx transmission. And the possibility on the number of such panels is 1, 2 and 4 as shown in the figure. In this context of multi-panel operation with Ng>1, the maintenance of coherence across the panels would be difficult from a UE hardware perspective. Thus, full coherent CBs should not be prioritized for UE antenna layouts of Ng>1 (2a, 2b, 3a, 3b). Partial and No coherent CBs to be considered for multi-panel (Ng>1) UE antenna layout. It is not practical to consider the antenna groups which are non-uniformly spread across the UE to maintain coherence. 
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Proposal 3: Prioritize Partial and No coherent codebook designs for Multi-panel transmission. Coherency not to be assumed across the panels at least for codebook design.
If in case the coherency is assumed across the panels, then the full coherent UE to have the CB design like the one in single panel. Multiple CB design approaches not to be supported for single panel and multi panel UL transmission unlike DL. We can reuse the DL Single Panel (SP) Type I as the starting point for all UE antenna layout if the coherency is able to be maintained over all the 8Tx ports. Unified approach for all kinds of antenna layout can reduce the standardization efforts. Moreover, the DL Multi-panel CBs only support 4-layer transmission because of the control overhead issues. So, to justify our views on unified CB approach for all UE antennas layout (Ng=1,2,4), we study the performance of DL (SP) Type I over UE antenna layouts 2a and 3a. In either of the cases, we see the DL (SP) Type I can offer good cell average throughputs from the SLS simulations as given below. From the Fig 3, we can observe that DL Type I (SP) can offer good cell average throughputs and it is comparable to that of SVD precoder. The difference gets closer and closer with increase in Rx ports due to strong receiver beamforming.  
Proposal 4: DL (SP) Type I CBs to be considered as starting point for all UE antenna layouts for full coherent transmission.
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Fig 3. DL Type I (SP) vs SVD for Multi-panel (Ng=2)

3.2 CB design for Partially coherent UE
When the UE cannot maintain phase coherence across all 8 TX ports, UL transmission on TX antennas will have to reflect this limitation. 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. However, 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) must be prioritized. Partially coherent UEs with two group and four group coherent antennas is shown in Fig 4.
Proposal 5: Prioritize the CB design for partially coherent UE with two and four coherent antenna groups.
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4a. UE with two groups of coherent antennas			4b. UE with four groups of coherent antennas
Fig. 4. Partially coherent antennas with two groups and four groups.

Consider the case with two groups of coherent antennas as in 4a where in each group with 4 antennas are coherent and across the groups, coherency cannot be expected. In this scenario, the CBs of UL 8Tx can be prepared concatenating the Legacy 4Tx CBs. In case of rank<=4, the transmission can be from either of the groups and the CB weights in the precoder matrix corresponding to the antenna pair of different groups will be zeros as given below Fig 5.
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Fig 5. Possible CB design for Partial coherent UE

Second approach is to distribute the layers across the groups as presented in Fig 6. In this approach, we consider two single independent single layer CBs from Legacy 4Tx to form 8Tx precoder. However, in the first approach shown in Fig 5, we prepare the 8Tx - layer 2 precoder from 4Tx two-layer CBs. By considering all such scenarios, the possible search space for the CBs increases significantly which will impact the feedback overhead. Similar approach can be carried out for four group antennas with Legacy 2Tx CBs. In any case the overhead is significant, 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. 
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Fig 6. Possible CB design for Partial coherent UE

Proposal 6: Study feedback overhead reduction methods for Partial coherent UEs where the CB design is based on concatenation of the Legacy 4Tx/2Tx CBs.

3.3 NCB based transmission
The number of supported SRS resources need to be increased to support for 8-layer transmission over 8TX. The number of SRS resource combinations that can be signalled by SRI also need to be increased. Coherence among the antennas is not under the scope of NCB transmission as the precoder in NCB based transmission is UE initiated one. Each single port NCB-based SRS resource must be transmitted in a different OFDM symbol.  Thus, with the increase in number of Tx ports, SRS resources overhead also grows. To support the Non codebook-based transmission over 8TX, SRS resources to be increased as each SRS resource is mapped to one port. Enhancing SRS resource configuration for 8Tx support can be done using single resource set with 8 single port resources and other way is to have resource sets where each resource set have 4 single port resources. Either of the approaches can be adopted but the RB locations of each SRS resource to be maintained same which is in line with Legacy.

4. Conclusion

Observation 1: Limited performance gain in terms of UL cell average throughput can be observed when comparing single and dual CW transmission schemes for  >4-layers.
Observation 2: DL Type I SP CB can be considered for the codebook design as it has better performance compared to the Legacy based CBs for full coherent UEs. 
Proposal 1: Support single CW over dual CWs for >4-layer transmission as the performance gain of dual CW is limited in UL.
Proposal 2: Due to superior performance, down select Alt-1b for 8TX codebook design:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of the codebook for partially/non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully-coherent UEs
Proposal 3: Prioritize Partial and No coherent codebook designs for Multi-panel transmission. Coherency not to be assumed across the panels at least for codebook design.
Proposal 4: DL (SP) Type I CBs to be considered as starting point for all UE antenna layouts for full coherent transmission.
Proposal 5: Prioritize the CB design for partially coherent UE with two and four coherent antenna groups.
Proposal 6: Study feedback overhead reduction methods for Partial coherent UEs where the CB design is based on concatenation of the Legacy 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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