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1. Introduction
In the RAN1#110 meeting, several agreements regarding for enabling 8Tx UL transmission were agreed as captured in Annex. This contribution discusses and provides our view on the enhancement of SRI/TPMI for 8Tx UL transmission. 

2. Discussions  
The Number of codewords for 8Tx UL Transmission 
In the last meeting, it was agreed to support up to 8 layer for codebook and non-codebook based UL transmission for 8Tx UE based on the UE capability as captured below.Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

The remaining issue is whether single or dual codeword is used for the case of rank>4. If a single codeword is used for the case of more than rank 4, the expected specification impact can be minimized. Meanwhile, if two CWs are used, there are several related issues. One is codeword-to-layer mapping. Regarding this issue, one simple way is to 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. The second issue is DCI format to support 2nd TB. In this issue, field design such as DMRS, MCS, NDI, RV and etc. can be discussed. The third issue can be related to PTRS such as DMRS and PTRS association, # of supported PTRS, etc. As discussed above, implementation of UE supporting two codeword seems more complicated than UE supporting only one codeword. Thus, whether to support single codeword or dual codeword can be determined by UE capability such as X value. Regarding X values, in order to have more flexibility, it is preferred to add another value of 6. Note that this can be a part of UE capability discussion. 
Proposal 1. Whether to support single codeword or dual codeword can be determined by X where X can be 4, 6, 8.  

TPMI enhancement for 8Tx UL transmission 
2.2.1 8Tx codebook design principle
In the last meeting, following agreement for 8Tx UE codebook design was made as captured below. 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.

Agreement @ RAN1#109e
· 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

During the discussion for Rel-15 NR UL codebook design with CP-OFDM, the main design principle for fully coherent TPMI design is reusing DL Type I CSI. So, at least for fully coherent TPMI, it is preferred to reuse NR Rel-15 DL Type I CSI. For partial coherent TPMI, antenna group-wise selection can be considered in addition to the intra-group coherency. In other word, for intra-group coherency of 4Tx partial coherent, 2Tx full coherent TPMIs which is 2Tx UL codebook are assumed. For non-coherent TPMI, antenna turn-off codebook (or antenna selection codebook) can be considered in order to save UE power assumption and to reduce the uplink interference. Therefore, Alt1-b is preferred for the 8Tx UL codebook design. 
 Proposal 2. Support Alt1-b for 8Tx codebook design. 

Regarding codebook subset, in Rel-15 UL codebook design, three codebook subsets (i.e., 'fullyAndPartialAndNonCoherent', or 'partialAndNonCoherent', or 'nonCoherent') for PUSCH transmission can be configured to UE depending on the UE capability. In this sense, fully coherent UE can be configured with all codebook subsets. In our view, it is preferred to apply the same principle to codebook subset for 8 Tx UL transmission. The difference for 8Tx codebook subset compared to legacy UL codebook subset is the partial coherent codebook subset, since there can be two different levels of partial coherency as depicted in the Figure 1. 
In the last meeting, # of supported antenna group for 8Tx PUSCH can be 1, 2 and 4. As shown in the Figure 1, there are 2 Tx antenna coherency and 4 Tx antenna coherency, and each of which may correspond to 4 panel UE (i.e. Ng=4) and 2 panel UE (i.e. Ng=2), 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-fully coherent. Also, it can be further discussed whether to partial coherent level1 includes partial coherent level2. 
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Figure 1 An example of multi-level coherency for 8 Tx antennas
Proposal 3: Support fully-coherent, partial-coherent and non-coherent UEs for 8Tx uplink transmission.
Proposal 4. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 4-group 2Tx coherency
· Level-2: 2-group 4Tx coherency 

2.2.2 8Tx codebook structure 
In RAN1#109e, following antenna layouts are agreed to consider for codebook design.

   
For linear antenna array and planner antenna array, DFT vector can be typically used for spatial domain basis vector. So, for 2D antenna layout such as 1-a, 2-a and 3-a, 2D DFT can be considered at least for fully coherent TPMI. Then, the codebook structure can be expressed as
                                          (1)
where  is co-phase term for different polarization and 

Also, in RAN1#110, it was agreed to consider oversampling factors of (O1, O2) = (1,1), (2,1), (2,2) for evaluation purpose. For 1D antenna layout such as 1-b and 3-b, 1D DFT can be used. Then, vector  with oversampling factor =1 and 2 can be
and
, respectively.
The larger oversampling factor can help for accurate UL beamforming, but it requires larger DCI payload. So, it is important to determine proper oversampling factor. For example, oversampling factor can be determined by 1 unless significant performance gain is provided.  
 For 2-a and 2-b, inter-group co-phase may be needed similar to Type I multi-panel CSI. Then, the codebook structure can be  where  is inter-group co-phase. If ={1, j, -1, -j}is assumed, vector  can be 
.

It can be observed that the codebook structure can be varied according to the antenna layout which is based on the UE implementation. In order to cover various UE antenna implantations, two options can be considered. One option is to define a common UL codebook for all antenna layout. In this option, union or intersection of codebooks corresponding to possible antenna layouts can be considered. The other option is to define multiple UL codebook types. In this option, UE reports its Tx antenna capability to gNB and gNB will configure the proper UL codebook based on the UE capability.  

Proposal 5. For 8Tx UL codebook construction, consider the following two options
· Option 1. Common UL codebook for all potential antenna layouts
· Option 2. Multiple UL codebooks 
2.2.3 Codebook for CP-OFDM
As mentioned in subsection 2.2.1, similar principle for Rel-15 UL codebook can be applied. 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
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



For fully coherent TPMI design, DL Type I CSI is reused as discussed in subsection 2.2.2. In summary, final rank 1 8Tx codebook for CP-OFDM can be listed in Table 4. In the table, length-4 1D DFT vector with oversampling of 1 is assumed as an example. 

Proposal 6. Consider Table 4 for rank 1 8Tx 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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2.2.4 Codebook for DFT-s-OFDM
In NR, DFT-s-OFDM is utilized for uplink transmission as it is robust for PAPR, and only rank 1 transmission is allowed. Similarly, 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 7. Consider Table 5 for rank 1 8Tx 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 the last meeting, following agreement regarding SRS configuration for non-codebook UL transmission was made.Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 

  In Alt1, the potential specification impact is to define more SRS resources and corresponding SRI indication. It is 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. So, bit-map indication can be considered instead of combinatorial number indication. Note that in case of 4 Tx, the maximum combinatorial number can be 15 and its corresponding bit width is 4 bits. 
Alt2 can be considered as reusing Rel-17 S-DCI based M-TRP PUSCH mechanism. In Rel-17, two SRI fields are introduced where each field corresponds to different SRS resource set and can schedule up to 4 layers. The potential specification 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. Also, in M-TRP PUSCH Tx, it considers two sets of parameters for power control, SRS set indicator, PTRS, etc. Thus, it needs to study how to configure such parameter sets for 8Tx non-codebook based UL transmission. 
Alt3 supports both Alt1 and Alt2. In our view, it is not preferred to support both alternatives which provide the same functionality. Based on the above discussion, Alt2 is slightly preferred as it may have less specification impact. 
Proposal 8. Consider Alt2 for SRS configuration of 8Tx non-codebook based UL transmission. 

Overhead reduction 
In the last meeting, it was agreed to study on low overhead solution for 8Tx UL transmission as captured below.Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms


In Rel-15 UL, TRI and TPMI are jointly encoded in one field in order to reduce the payload. Meanwhile, in DL, RI and PMI fields are separately encoded in CSI reporting carried by PUCCH or PUSCH. In the perspective of overhead reduction, joint encoding of TRI and TPMI has benefit compared to the separate field design. Thus, legacy joint encoding can be a baseline. 
In order for overhead reduction, following alternatives can be further considered.
· Alt1. Legacy TRI and TPMI indication, i.e. joint encoding in one field. 
· Alt2. Codebook sub sampling
· Alt3. Hierarchical indication (e.g., MAC-CE + DCI)
In Alt2, pre-define codebook sub-sampling pattern (e.g., even or odd pattern) can be used. Then, according to the sub-sampling pattern, total DCI payload can be determined. In this alternative, how to efficiently design the sub sampling pattern can be further discussed. 
[bookmark: _GoBack]In Alt3, multiple group of codebook subset can be fixed or pre-configured by RRC. MAC-CE can be used to indicate which group will be used for actual PUSCH transmission. Then, TRI/TPMI field is used to indicate precoding matrix within the group indicated by MAC-CE. This alternative also can be applied for non-codebook based UL. 
Proposal 9. Consider following alternatives for overhead reduction for 8Tx codebook based UL transmission. 
· Alt1. Legacy TRI and TPMI indication, i.e. joint encoding in one field. 
· Alt2. Codebook sub sampling
· Alt3. Hierarchical indication (e.g., MAC-CE + DCI)

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. Whether to support single codeword or dual codeword can be determined by X where X can be 4, 6, 8.  
Proposal 2. Support Alt1-b for 8Tx codebook design.
Proposal 3: Support fully-coherent, partial-coherent and non-coherent UEs for 8Tx uplink transmission.
Proposal 4. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 4-group 2Tx coherency
· Level-2: 2-group 4Tx coherency 
Proposal 5. For 8Tx UL codebook construction, consider the following two options
· Option 1. Common UL codebook for all potential antenna layouts
· Option 2. Multiple UL codebooks 
Proposal 6. Consider Table 4 for rank 1 8Tx codebook for CP-OFDM. 
Proposal 7. Consider Table 5 for rank 1 8Tx codebook for DFT-s-OFDM. 
Proposal 8. Consider Alt2 for SRS configuration of 8Tx non-codebook based UL transmission. 
Proposal 9. Consider following alternatives for overhead reduction for 8Tx codebook based UL transmission. 
· Alt1. Legacy TRI and TPMI indication, i.e. joint encoding in one field. 
· Alt2. Codebook sub sampling
· Alt3. Hierarchical indication (e.g., MAC-CE + DCI)



Annex
1) Agreement in RAN1#110
Agreement
8TX PUSCH is supported in Rel-18

Agreement
For 8TX PUSCH, at least support 
· Ng=1, 2, 4
Note: The above does not restrict the Ng for the non-coherent case

Agreement
For evaluation purpose of codebook alternatives when a precoder based on Rel-15 DL Type I is used, following oversampling ratios are assumed
· (O1, O2) = (1,1), (2,1), (2,2)
· Note: Other values may be used and reported by companies
· Note: When deciding the supported O1, O2 combination, the signalling overhead, performance, UE complexity, etc should be considered

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.

Agreement
Support up to X layers for codebook and non-codebook UL transmission for 8TX UE where X=4, 8 is determined based on separate UE capability
· For uplink transmission with rank<=4, single CW is supported
· For uplink transmission with rank>4, whether single or dual CW is used will be decided in RAN1 meeting #110b-e
The above applies only with regards to the work scope of this agenda item.

Agreement
For SRS configuration for non-codebook UL transmission for an 8TX UE, down-select from
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· Alt2: Up to two SRS resource sets, each configured with up to 4 single-port SRS resources
· Alt3: Support both alternatives. 

Agreement
Study low overhead solutions for SRI and/or transmitter precoder matrix indication for codebook-based, and SRI indication for non-codebook-based UL transmission by an 8TX UE, 
· FFS using single or separate (exiting or new) fields for the indication, other solutions are not precluded.
· Note: Low overhead schemes for study include those using Rel-15 SRI/TPMI indication mechanisms
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