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Introduction
In RANP#94e meeting, a new WID on the evolution of MIMO for both downlink and uplink was approved [1]. The study of UL transmission enhancements on DMRS, SRS, SRI, and TPMI (including codebook) was captured within RAN1’s working scope.
	· 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.


This contribution provides our views on UL transmission enhancement, including number of layer and codeword, codeword to layer mapping and TPMI enhancement.
Discussion
In RAN1#109e meeting [2], recommended directions on SRI/TPMI enhancements [3] for RAN1#110 were summarized. Among them, 8-layer transmission supporting, 	number of CW and CW to layer mapping were specified as high priority topics:
	2.    PROPOSED TOPICS FOR DISCUSSION IN RAN1 #110
To ensure having a consistent progress for this agenda item, and based on the agreements in RAN1 #109-e, some topics seem to have a higher priority for discussion than others for the next meeting. Here are some suggestions for the course of discussion in the next meeting,

High Priority Topics 
Definition: These are the topics that are essential to be resolved at earliest possible to have progress in future meetings.
· Whether 8-layer transmission to be supported for 8TX UE
· Number of CW, and CW to layer mapping for 8TX UE
· Decision on Codebook type/design for 8TX UE



Number of layer and codeword
In legacy NR UL transmission [4], up to 4 layer and 4 Tx is support. While for UL transmission with 8 Tx in Rel-18, whether or not to support 4 and more layers is with discussion. In RAN1#109e meeting, following agreements on transmission with maximal layer number of both 4 and 8 layers were made [2]: 
	Agreement (RAN1#109e)
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.



[bookmark: _Hlk111036969]Following that, since codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers has been approved, it seems quite straightforward to support up to 8-layer UL transmission for 8Tx UE.
Proposal 1 : Up to 8 layers UL transmission can be supported for 8Tx UE.
For the number of codeword (CW), at most two were supported in legacy NR DL transmission [4]. One CW is used if the number of layers is smaller than 4, and two CWs are used when the number of layers is larger than 4. Therefore, if UL transmission with up to 8 layers is supported, it could be naturally to support at least two CWs accordingly. Besides, simultaneously transmission via multiple panels (STxMP) is also under discussion in parallel, if STxMP is supported, it is also reasonable to support separate CW for different panels to provide optimized performance with flexibility.
Proposal 2 : Two CWs can be supported for in UL 8Tx transmission.

Codeword to layer mapping
With discussion on the number of layer and codeword above, if both up to 8 layers and two CWs are supported for UL enhancement, CW to layer mapping needs to be clarified accordingly. 
Referring to legacy DL CW to layer mapping specified as Table 7.3.1.3-1 in [4], the 1st CW is mapped to the first  layers, and the 2nd CW is mapped to the other layers with  the number of layers. Directly extending it from DL to UL could be a simple way to solve UL CW to layer mapping issue. Considering a scenario of two TRPs and single two-panel UE with two CWs and 5 layers, the extended mapping in UL can be illustrated in Figure 1(a). CW0 is mapped to the first two layers corresponding to panel#1, and CW1 is mapped to the following three layers corresponding to both panel#1 and panel#2. However, the first three layers from panel#1 would more likely to experience similar channel state in certain circumstances, so as to that for the last two layers from panel#2. Thus, it is more reasonable to map CW0 to layers from panel#1 and CW1 to layers from panel#2. Therefore, we propose a panel-specific CW to layer mapping, which is shown in Figure 1(b).


		                          
Figure 1. (a) Extend CW to layer mapping in legacy DL to UL     (b) Panel-specific CW to layer mapping
Proposal 3 : Panel-specific CW to layer mapping can be considered for multi-panel UE UL transmission.
Besides, in multi-TRP and/or multi-panel scenario, variable and complex channel state (like CSI) would lead large performance difference among layers even towards same TRP/panel. For example, considering following case in previous scenario when layer#1 and layer#2 in panel#1 experience similar channel state with layer#5 in panel#2, layer#3 in panel#1 share similar channel state with layer#4 in panel#2, but the two groups of channel state are different. Therefore, panel-specific CW to layer mapping in Figure 1(b) would not be optimal in this case, a channel state based CW to layer mapping as shown in Figure 2 is more reasonable. The channel state can be in the metric of CSI, SINR, RSRP etc.


Figure 2. Channel state based CW to layer mapping
Proposal 4 : Channel state based CW to layer mapping can be considered for 8 Tx UE UL transmission.

Alternatively, for simplicity and flexibility, we propose another dynamic CW to layer mapping scheme. In this scheme, a set of possible mapping combinations represented by  need to be preconfigured by RRC at first, where  and  are the number of layers mapped to CW0 and CW1 respectively, and  counts the total combinations for each specific . For example, Table 1 provides a full possibility of mapping combinations for each layer number, the blue bold ones represent the simple extension scheme mentioned previously in Figure 1(a). Then, UE can be indicated by MAC CE or DCI with additional fields the actual mapping scheme out of M combinations.
Table 1. Configuration of layer mapping pattern
	L (M)
	All possible combinations of (L0, L1)

	2 (M=1)
	(1,1)

	3 (M=2)
	(1,2), (2,1)

	4 (M=3)
	(1,3), (2,2), (3,1)

	5 (M=4)
	(1,4), (2,3), (3,2), (4,1)

	6 (M=5)
	(1,5), (2,4), (3,3), (4,2), (5,1)

	7 (M=6)
	(1,6), (2,5), (3,4), (4,3), (5,2), (6,1)

	8 (M=7)
	(1,7), (2,6), (3,5), (4,4), (5,3), (6,2), (7,1)



Proposal 5 : Dynamic CW to layer mapping indication scheme can be considered 8 Tx UE UL transmission.
TPMI indication enhancement 
In RAN1#109e meeting, it is recommended in [5] that, TPMI/SRI enhancement can be discussed together with codebook- and non-codebook-based codebook design. FL also proposed that it can be TBD based on collecting further inputs from companies. Therefore, in this sub section, we would like to present our views on TPMI enhancement.
	3.4   TPMI/SRI INDICATION
TPMI/SRI indication for codebook-based transmission requires additional details that will become available after completing codebook design. Hence, it has been proposed to visit this discussion after finalizing the design of the 8TX codebook (CATT). As for SRI indication for non-codebook-based transmission, several proposals have been put forward. A first group of companies propose to reuse the recently introduced two SRI fields for uplink multi-TRP PUSCH transmission (vivo, LG, Intel). However, other companies (Samsung, Xiaomi) propose to use a bitmap approach for SRI indication. Further, an extension of existing SRI field is proposed by (CATT). Further discussion on this topic will be beneficial.

FL Proposal 3.4: TBD based on collecting further inputs from companies.




In legacy specifications, the transmission precoder is indicated by TPMI field in UL grant DCI. Referring to the design of DL precoder, two types with CSI codebook type I and type II were specified to cope with different performance requirements. Compared to CSI type I codebook, CSI type II codebook can improve the throughput largely. The reason is that finer precoding indication in type II codebook can generate more accurate precoder, which mapped better to the actual DL channel. Inspired by this benefit of type II codebook over type I in DL, we consider a similar extension of UL precoder to an enhanced UL precoder providing more accuracy on the actual UL channel. The enhanced UL precoder can be indicated by enhanced TPMI indication with finer precoding information, and the whole procedures of this scheme are described as below.
Instead of legacy TPMI indication with up to 6 bits in DCI, gNB/TRP can use a larger payload of TPMI field in UL grant DCI to indicate finer precoding information to UE for final UL precoder generation, which is shown in Figure 3. The enhanced TPMI field could contain multiple candidate basis precoders, amplitude scaling vector and phase coefficient vector. After receiving the enhanced TPMI indication, a linear combination of the candidate basis precoders will be generated by UE to form the final UL precoder for transmission as shown in Figure 4.
Additionally, besides the legacy codebook based UL transmission, where UL precoder is decided by gNB and indicate to UE directly. For scalability, introducing UL precoder decision by UE referring to TPMI indication from gNB as an option can also be considered. 

[image: ]
Figure 3. Enhanced TPMI indication
[image: ]
Figure 4. Linear combination of candidate precoders
In following, we show some simulations on the performance of proposed enhanced TPMI indication scheme. Since there is no UL precoder supporting UL transmission with 8Tx in current specifications, we assume the TRP antenna with , UE antenna with , and cell radius at 500m for simulation. The performance of received SNR on both conventional TPMI scheme and proposed enhanced TPMI scheme are shown in Figure 5. 
It can be observed from Figure 5 that, the enhanced TPMI scheme can achieve average about 1.25 dBm power gain over conventional TPMI scheme.
[image: ]
Figure 5. Performance comparison of enhanced TPMI and conventional TPMI schemes

Observation 1 : Enhanced TPMI scheme can achieve about 1.25 dBm power gain over conventional TPMI scheme for TRP antenna with  and UE antenna with .
For multi TRP scenario, the enhanced TPMI indication and UL precoder determination in previous section for single TRP scenario can be easily extended. In Figure 6, separate enhanced TPMIs corresponding to separate TRP are indicated, consequently, separate UL precoder to separate TRP are generated with linear combination of candidate basis precoders.
[image: ]
Figure 6. TPMI enhancement for multi TRP scenario

Observation 2 : TPMI indication enhancement with finer precoding information can be easily extended to multi TRP scenario. 
Proposal 6 [bookmark: _Hlk68181041]: Enhanced TPMI indication with finer precoding information can be considered for UE UL transmission enhancements.

Conclusions
Finally, allow us to repeat our proposals to draw attention.
Proposal 1 : Up to 8 layers UL transmission can be supported for 8Tx UE.
Proposal 2 : Two CWs can be supported for in UL 8Tx transmission.
Proposal 3 : Panel-specific CW to layer mapping can be considered for multi-panel UE UL transmission.
Proposal 4 : Channel state-based CW to layer mapping can be considered for 8 Tx UE UL transmission.
Proposal 5 : Dynamic CW to layer mapping indication scheme can be considered 8 Tx UE UL transmission.
Proposal 6 : Enhanced TPMI indication with finer precoding information can be considered for UE UL transmission enhancements.
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