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1. Introduction
In the WID [1], following objective on SRI/TPMI enhancement for enabling 8Tx UL transmission is captured as:1. 
2. 
3. 
4. 
5. 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 discusses and provides our view on the enhancement of SRI/TPMI for 8Tx UL transmission. 

2. Discussions  
In NR, the maximum supported Tx port for uplink transmission is 4. As many operators concerned during Rel-18 MIMO scoping discussion in RAN plenary, major bottle-neck of commercialized NR network is UL performance. In order to obtain higher UL throughput, 8Tx UL transmission can be a useful tool for non-handheld devices. For example, during the study of evaluation methodology of new V2X use cases [2], many antenna configurations including 8Tx UL transmission were considered. Also, in [3], evaluations of radiation pattern for vehicle according to the several antenna locations (e.g., car front bumper, front rooftop, middle rooftop, rear rooftop and car rear bumper) were presented. Hence, in order to effectively support such vehicle scenarios, 8 Tx UL transmission should be supported in Rel-18 MIMO. 
Proposal 1. Support both codebook and non-codebook based 8Tx UL transmission in Rel-18 MIMO. 

For the 8 Tx UL transmission, at least following issues need to be resolved during the work item phase. 
· How many layers are supported for 8 Tx UL transmission, 
· Whether and how to support full power UL transmission, 
· How to enhance SRI and/or TPMI. 
Regarding issue on the max number of layers to be supported for 8 Tx UL transmission, it is important to increase system throughput performance. Also, in [4], it is observed that in the rank distribution for 8Tx UL transmission under Dense urban scenario, distribution of >4 layers shows higher probability than that of <=4 layers transmission. Therefore, supporting up to 8 layer is preferable. One related issues can be codeword-to-layer mapping. Regarding this issue, our view is simply follow the DL principle, i.e., the layer split for > 4 layer transmission can be first  layers map to codeword 0 and remaining layers map to codeword 1. 
Proposal 2. Support up to 8 layers for 8Tx UL transmission in Rel-18 MIMO, and reuse the same codeword-to-layer mapping used in DL transmission. 

In Rel-16 NR MIMO, full power UL transmission for codebook based UL Tx was introduced to increase the UL coverage. For supporting full power UL Tx, two full power modes are supported. Full power mode 1 allows new codebook subset which includes full coherent TPMI for non- and partial-coherent UE. In full power mode 2, UE reports full power capable TPMI groups and/or supported SRS configuration with different number of antenna ports per SRS resource, and then UE can transmit with full power when reported SRS resource and/or full power TPMI is indicated. In case of 8Tx UL transmission, coverage issue is also important. So, it is desirable to support full power UL transmission for 8 Tx UL as well. The details of full power UL Tx can be discussed after finishing 8 Tx UL codebook design.  

Proposal 3. Support full power 8Tx UL Transmission, and the details can be further discussed after finishing 8 Tx UL codebook design. 

The issues on TPMI and SRI enhancement will be discussed in the following sub sections. 

TPMI enhancement for 8Tx UL transmission 
For TPMI enhancement, we need to re-define partial coherent first, since there can be two different level of partial coherency as depicted in the Figure 1. 

Figure 1 An example of multi-level coherency for 8 Tx antennas
In the plot, there are two different level of coherency. One is 2 Tx antenna coherency and the other is 4 Tx antenna coherency, and each may correspond to 4 panel UE and 2 panel UE, respectively. Of course, it may be different depending on the UE implementation. However, for the ease of codebook design, we assume the partial coherency depicted in the figure 1. Then, for level-1 coherency, coherency of PUSCH/SRS ports can be {1000, 1004}, {1001, 1005}, {1002, 1006} and{1003, 1007}. Also, for level-2 coherency, coherency of PUSCH/SRS ports can be {1000, 1001, 1004, 1005} and {1002, 1003, 1006, 1007}. As a result, the codebook subset for 8Tx can be non-coherent, non-partial coherent level1, non-partial coherent level2 and non-partial-full coherent.

Proposal 4. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 4-pair 2-Tx coherency
· Level-2: 2-pair 4-Tx coherency 
2.2.1 CP-OFDM
In this sub section, we discuss the 8 Tx UL codebook design for CP-OFDM. For rank 1 non-coherent TPMIs, antenna turn-off codebook can be considered as shown in Table 1. Here, the scaling factor of  is assumed to take into account for antenna turn-off effect which can save UE power consumption and reduce some uplink interference. Due to the limit of bit width for TPMI indication, further down selection can be considered if needed. 
Table 1. 8Tx non-coherent TPMIs with CP-OFDM
	
	
	
	
	
	
	
	



For partial coherent TPMIs, as mentioned above, we need to consider two level of partial coherency, so that two different types of TPMIs should be considered accordingly. For the level-1 partial coherency, we can apply 2Tx full coherent TPMIs, e.g., for each corresponding two coherent ports as shown in Table 2. 
Table 2. 8Tx level-1 partial-coherent TPMIs with CP-OFDM
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



For the level-2 partial coherency, we can apply 4Tx full coherent TPMIs for each corresponding four coherent ports as shown in Table 3. 
Table 3. 8Tx level-2 partial-coherent TPMIs with CP-OFDM
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



During the discussion for Rel-15 NR UL codebook design with CP-OFDM, the main principle for fully coherent TPMI design is reusing DL Type I CSI. Therefore, the same principle can be utilized for 8Tx fully coherent TPMIs. In the DL Type I 8 Tx codebook, it is assumed oversampling factor of 4. So, if we apply the same oversampling factor of 4, the number of TPMI can be 4*4*4 (DFT length of 4 * oversampling factor of 4 * Q-PSK co-phase) = 64 which is too large number for rank1 8Tx full coherent TPMIs. So, considering oversampling factor of 1 seems reasonable. Then, fully coherent TPMI () based on the DL 8Tx codebook without no oversampling can be expressed as 

 where .
In summary, final rank 1 8Tx codebook for CP-OFDM can be listed in Table 4. 

Proposal 5. Adopt Table 4 for rank 1 8 Tx codebook for CP-OFDM. 
Table 4. Rank 1 8Tx TPMIs for CP-OFDM
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)
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2.2.2 DFT-s-OFDM
In NR, DFT-s-OFDM is normally utilized for UL fallback operation. So, only rank 1 transmission is allowed. In this sense, for 8 Tx UL transmission with DFT-s-OFDM, the maximum number of layers can be 1. For the TPMI design, we can simply follow the design principle discussed for CP-OFDM. Thus, for rank 1 non-coherent and level-1 partial coherent TPMIs, TPMIs in Table 1 and 2, respectively, can be applied. For level-2 partial coherent codebook, 4Tx fully coherent TPMIs for DFT-s-OFDM can be applied for the coherent 4 ports as shown in TPMI 24-55 in the Table 5. Note that 4Tx UL full coherent TPMIs for DFT-s-OFDM is based on the LTE 4Tx UL codebook which is adopted from the LTE DL 4Tx House-holder codebook. So, for 8Tx fully coherent TPMIs for DFT-s-OFDM, NR 8Tx DL codebook can be reused similar to the CP-OFDM. Then, the final 8 Tx TPMIs for DFTs-OFDM is listed in the Table 5.   

Proposal 6. Adopt Table 5 for rank 1 8 Tx codebook for DFT-s-OFDM. 
Table 5. Rank l 1 8Tx TPMIs with DFT-s-OFDM
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)
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SRI enhancement for 8Tx UL transmission
In non-codebook based UL transmission, multiple one-port SRS resources are configured to UE, and UE transmits beamformed SRS resources to gNB based on the configuration. Then, gNB indicates SRI to UE based on determined/calculated transmit rank and SRS resource combination. If the number of supported UL Tx ports is increased by 8, the SRI and/or number of SRS resources should be enhanced to effectively operate non-codebook based UL transmission with increased combinatorial number of SRS resources.
To this end, following alternatives can be considered. 
· Alt1. Increase number of one-port SRS resource from 4 to 8
· Alt2. Allow max 2 SRS ports per SRS resource
· Alt3. Reuse Rel-17 S-DCI based M-TRP PUSCH mechanism
In Alt1, the potential specification impact is to define more SRS resources and corresponding SRI indication. It is very straight forward approach and very flexible method to indicate up to 8 layer for non-codebook based UL transmission. The maximum number of combinatorial number can be 255. Then, the bit-width can be bits. Note that in case of 4 Tx, the maximum combinatorial number can be 15 and its corresponding bit width is 4 bits. 
  In Alt2, the max number of ports per SRS resource can be 2. Then, in order to support 8 layer transmission, it is not required to increase the number of SRS resources. However, less flexibility of indication and some restriction of UL beam generation is expected. 
Alt 3 reuses Rel-17 S-DCI based M-TRP PUSCH mechanism. In Rel-17 S-DCI, two SRI fields are introduced where each field corresponds to different SRS resource set and can schedule up to 4 layers. Therefore, if we reuse this mechanism, up to 8 layer scheduling can be possible. The potential spec. impact of this alternative can be how to map multiple SRS resources in a single SRS resource set to two SRS resource sets used for M-TRP PUSCH transmission.
Based on above discussion, we suggest following proposal. 

Proposal 7. Consider following alternatives for enabling 8Tx non-codebook based UL Transmission. 
· Alt1. Increase # of SRS resource from 4 to 8.
· Alt2. Allow max 2 SRS ports per SRS resource
· Alt3. Reuse Rel-17 S-DCI based M-TRP PUSCH mechanism

3. Conclusion
In this contribution, we discussed enhancements on SRI/TPMI for enabling 8Tx UL transmission in Rel-18 MIMO. Based on the above discussion, we have following proposals:
Proposal 1. Support both codebook and non-codebook based 8Tx UL transmission in Rel-18 MIMO. 
Proposal 2. Support up to 8 layers for 8Tx UL transmission in Rel-18 MIMO, and reuse the same codeword-to-layer mapping used in DL transmission. 
Proposal 3. Support full power 8Tx UL Transmission, and the details can be further discussed after finishing 8 Tx UL codebook design. 
Proposal 4. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 4-pair 2-Tx coherency
· Level-2: 2-pair 4-Tx coherency 
Proposal 5. Adopt Table 4 for rank 1 8 Tx codebook for CP-OFDM. 
Proposal 6. Adopt Table 5 for rank 1 8 Tx codebook for DFT-s-OFDM. 
Proposal 7. Consider following alternatives for enabling 8Tx non-codebook based UL Transmission. 
· Alt1. Increase # of SRS resource from 4 to 8.
· Alt2. Allow max 2 SRS ports per SRS resource
· Alt3. Reuse Rel-17 S-DCI based M-TRP PUSCH mechanism
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