3GPP TSG RAN WG1#111                                              	                    R1-221296
Toulouse, France, Nov. 14th –18th, 2022

Agenda Item:	9.1.4.2
Source:	Lenovo
[bookmark: OLE_LINK1]Title:	SRI/TPMI enhancement for enabling 8 TX UL transmission 
Document for:	Discussion

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Hlk118125745]One of Rel-18 MIMO evolution WID scopes is to enable 8 Tx UL operation to support 4 and more layers per UE [1]. The following agreements were reached in RAN1#110bis-e [2]:
	Agreement
Support the following cases for codebook design for 8TX precoders
· Full coherent precoders with Ng=1
· [bookmark: _Hlk118120696]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
Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded
Agreement
For SRI and/or transmitter precoder matrix indication for codebook-based uplink transmission by an 8TX UE, study
· Whether/how to indicate one or multiple TPMI/SRI, according to the number of antenna groups, coherence capability, codebooksubset configuration, etc. 
· Whether/how to extend Rel-17 framework, e.g., TPMI/SRI indication in MTRP PUSCH
· Whether/how to separate/joint indication of rank and precoding information.
· Whether/how to indicate n (<=Ng) selected antenna group(s) separately from TPMI/TRI indication
Agreement
In Rel-18, on support of full power operation by a partial/non-coherent 8TX UE configured with codebook-based transmission, 
· Identify and agree on at least one potential PA architecture by RAN1 meeting #111
Agreement
For 8TX UE codebook-based uplink transmission,
· For partially/non-coherent precoding, support NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook 
Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.
Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
1. Support configuration of 1 SRS resource set containing up to X 8-port SRS resource(s), where X = 2   
0. FFS : Other values for X, if needed 
1. FFS : Configuration of at least one SRS resource set, configured with more than one SRS resources where each SRS resource may have the same or different number of SRS ports, e.g., for support full power operation, if supported
1. FFS : Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, for example,   
2. Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
2. Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources   
Working Assumption
For uplink transmission with rank>4, support dual CW transmission.
Agreement
If dual CW is supported for uplink transmission with Rank>4 by an 8TX UE, reuse DL Rel-15 codeword to layer mapping for both codebook-based and non-codebook-based transmission.


In this contribution, we provide our views on the support of UL 8TX operation including the 8Tx codebook design and the TPMI indication mechanism.

Discussion
2.1 Antenna Configuration
2.1.1 Antenna layout
In RAN1#109-e it was agreed to model the antennas to Ng antenna groups, wherein antennas within one antenna group are fully coherent with uniform spacing, and antennas across antenna groups can be non-coherent or coherent dependents on UE device, with antenna spacing across antenna groups is set FFS. One typical example is that each antenna group corresponds to an antenna panel.
One advantage of introducing the notion of antenna groups is the generalizability. Ng=1 corresponds to a fully-coherent system, Ng=8 corresponds to a non-coherent system if antennas across antenna groups are non-coherent. Ng=2 and 4 may correspond to a form of a partially-coherent antennas setup if antennas across antenna groups are non-coherent. We prefer to make the following clarifications:
· Antenna configurations of different antenna groups are identical, with respect to the number of antennas per group, the antenna spacing, antenna type and polarization.
· The antennas within the same antenna group are coherent. 
· The coherence assumption for two antennas across different groups are also the same.
[bookmark: _Hlk110357498][bookmark: _Toc111043361][bookmark: _Toc115251784][bookmark: _Toc115251838][bookmark: _Toc115427436][bookmark: _Toc118388524][bookmark: _Toc118469213]Use antenna grouping to represent different UL Tx coherence assumptions, with the following conditions
· [bookmark: _Toc118469214][bookmark: _Toc111043362][bookmark: _Toc115251785][bookmark: _Toc115251839][bookmark: _Toc115427437][bookmark: _Toc118388525]Antennas within an antenna group are coherent.
· [bookmark: _Toc118469215]Antennas within an antenna group are uniformly spaced.
· [bookmark: _Toc118469216]Antenna configurations of different antenna groups are identical
· [bookmark: _Toc111043364][bookmark: _Toc115251787][bookmark: _Toc115251841][bookmark: _Toc115427439][bookmark: _Toc118388527][bookmark: _Toc118469217]Coherence assumptions of two antennas across two antenna groups are the same
[bookmark: _Toc115251788]Based on the above principle, we provide the dual-polarized antenna structure with antenna numbering for each or the supported antenna layouts as illustrated in Figure 1. We will provide the codebook design based on the illustrated antenna layout.






[bookmark: _Ref115159370]Figure 1 8Tx antenna layouts with antenna numbering
Note that while antenna groups characterize the coherence within antenna ports of the same group, the coherence assumption across different coherence groups is not clear. Considering Antenna layout 3-a above, antennas across the four antenna groups may be fully-coherent, in which  case all antennas can be considered to belong to one ‘coherence group’, i.e., Nc=1. Hence, Nc can be defined as the number of antenna groups in which all antennas of the antenna groups are coherent. Alternatively, if  two antenna groups are not coherent, in which case each antenna group belongs to a different coherence group, i.e., Nc=Ng. Using the notion of coherence groups also opens the door to support more flexible assumptions on coherence, e.g., two coherence groups, where the first coherence group corresponding to antennas across nNg=0 and nNg=1 (antennas 0, 1, 4, 5) are fully coherent, and the second coherence group corresponding to antennas across nNg=2 and nNg=3 (antennas 2, 3, 6, 7) are also fully coherent, whereas antennas across the two coherence groups are non-coherent. In our opinion, Ng does not suffice to characterize both the antenna layout and coherence assumption, and hence introducing Nc corresponding to coherence groups is needed. We therefore propose the following
[bookmark: _Hlk115138283][bookmark: _Toc115427440][bookmark: _Toc118388528][bookmark: _Toc118469218][bookmark: _Hlk118118636]A number of antenna coherence groups Nc is used to characterize the coherence assumption across Ng antenna groups, where Nc is the number of antenna groups in which all antennas of the antenna groups are coherent, and   
[bookmark: _Hlk118120745]Moreover, using both parameters Nc and Ng would make it easier to differentiate between fully-coherent scenarios (Nc=1) with different number of panels Ng=1,2,4. Therefore, we support fully-coherent precoders with Ng=2,4.
[bookmark: _Toc118388529][bookmark: _Toc118469219]Support fully-coherent precoders with Ng=1,2,4 

2.1.2 Coherence-based antenna grouping 
In RAN1#110bis-e, it was agreed to down-select from three alternatives for coherence-based antenna grouping under partial-coherent UEs with different numbers of coherence groups, as follows:
For Nc=2: 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
For Nc=4:
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt 3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}

In our opinion, the selection of alternatives should depend on the antenna type. For instance, for cross-polarized antennas, antennas of the first polarization (e.g., horizontally-polarized) take on consecutive antenna port IDs, followed by antennas of the second polarization (e.g., horizontally-polarized). This antenna mapping is analogous with DL CSI-RS port mapping, which allows for adopting a block-diagonal codebook structure in both DL Type-I and Type-II codebooks, where . Moreover, it is intuitive to assume that for a cross-polarized antenna layout, a co-located antenna pair representing the two polarizations would belong to the same antenna group. Given that, our preference for coherence-based antenna grouping for Nc=2 is Alt-2, whereas for Nc=4 our preference is Alt-1. An illustration is provided in Figure 1 for the coherence-based antenna grouping.
[bookmark: _Toc118388530][bookmark: _Toc118469220]For coherence-based antenna grouping under partial-coherent UEs:
· [bookmark: _Toc118388531][bookmark: _Toc118469221]Nc=2: Support Alt-2, i.e.,: two coherent groups of {0,1,4,5} and {2,3,6,7}
· [bookmark: _Toc118388532][bookmark: _Toc118469222]Nc=4: Support Alt-1, i.e.,: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}

2.2  Codebook design
In RAN1#109-e, it was agreed to support full, partial and non-coherence for 8Tx UL study. Since 8Tx UL study is supposed to focus on advanced devices, e.g., CPE, FWA, vehicle, industrial devices, antenna cost may not be as a critical issue as that in handheld devices. Considering that the UL performance including UL Tx power and UL coverage for non-coherent UE with 8Tx is limited, we prefer to first consider the full coherence UE with 8Tx, as well as partial coherence. 
[bookmark: _Toc101302645][bookmark: _Toc101539868][bookmark: _Toc101983700][bookmark: _Toc102029165][bookmark: _Ref110588004][bookmark: _Toc111043360][bookmark: _Toc115251783][bookmark: _Toc115251837][bookmark: _Toc115427435][bookmark: _Toc118388533][bookmark: _Toc118469223][bookmark: _Toc101300301][bookmark: _Toc101300508]Prioritize full coherence and partial coherent capable UE for 8Tx UL operation 

[bookmark: _Ref115159518]2.2.1 Codebook for partial-coherent UE
For partial coherent UE, each PUSCH layer can only be transmitted by antennas from an antenna group due to the random phase noise between different antenna groups with the assumption that antennas across different antenna groups are non-coherent. It was agreed in RAN1#110bis-e that Rel-15 UL 2TX/4TX CB is adopted as a starting point to construct the 8Tx partial coherent codebook. On the one hand, the codebook specified for UL 2TX/4TX are elaborately designed considering the tradeoff between performance and TPMI indication overhead. The UL 2TX/4TX codebook can be simply extended to the 8TX partial coherent UE by assigning the 2TX/4TX codewords to the selected antenna groups, where each antenna group comprises of two or four antennas corresponding to case 2 and case 3 of the antenna configuration section, then the 8Tx codebook can be obtained by selecting one or more UL 2Tx or 4Tx precoding matrices and applying each precoding vector to antennas from a same antenna groups. Some precoding matrices for different ranks are provided.
2.2.1.1 Rank=1
The single PUSCH layer shall be transmitted by antenna port(s) from a single antenna group. So the Rank 1 precoder can be constructed by first selecting an antenna group and applying a rank 1 2Tx-ports(for Ng=4) precoder or a rank 1 4Tx-ports(for Ng=2) precoders to the group.
· For Ng=2
The rank 1 precoders are obtained by selecting a 4Tx rank 1 precoder W4Tx,1 from Table 6.3.1.5-2(for DFT-s-OFDM) or Table 6.3.1.5-2(for CP-OFDM) of TS38.211 and applying the selected W4Tx,1 to the antenna ports from an antenna group. For example, one valid 8Tx precoder can be obtained by applying to antenna ports from the 1st antenna group, i.e., or to the antenna ports form the 2nd antenna group, i.e. .
· For Ng=4
The rank 1 precoders are obtained by apply a rank 1 2Tx UL precoders specified in NR Rel-15 to antennas ports from one antenna group. Based on this principle, we can obtain the following rank 1 8Tx precoders 
· , , , 
· , , , 
· , , , 
· , , , 
· , , , 
· , , , 
2.2.1.2 Rank=2
For rank 2, each PUSCH layer shall be transmitted by antenna ports from an antenna group to fully utilize the UE TX power. 
· For Ng=2
Rank 2 precoders can be obtained by extending Rel-15 rank 2 4Tx precoder to two different antenna groups. For example, the UE can apply the 1st precoding vector to the antenna ports corresponding to the 1st antenna group, and apply the 2nd precoding vector to the antenna ports corresponding to the 2nd antenna group. The other element corresponding to the non-selected antenna group in a layer are set to ‘0’. One 8Tx precoder corresponding to is .
· For Ng=4
The UE can first select two antenna groups for two PUSCH layer transmission and select a Rel-15 rank 2 2Tx precoder for each group. The final 8Tx rank precoders can be obtained by applying the first precoding vector to the first selected antenna group and applying the second precoding vector to the second antenna group.
2.2.1.3 Rank=3
· For Ng=2
Rank 2 precoders can be obtained by extending Rel-15 rank 3 4Tx precoder to two different antenna groups. For example, the UE can apply the 1st precoding vector to the antenna ports corresponding to the 1st antenna group, and apply the 2nd and the 3rd precoding vector to the antenna ports corresponding to the 2nd antenna group. The other element corresponding to the non-selected antenna group in a layer are set to ‘0’. 
· For Ng=4
Since only up to rank 2 can be supported for 2Tx UE in Rel-15, one method for more than rank 2 precoder for 8Tx UE with Ng=4 is to select a rank 1 2Tx precoder for each selected antenna group.
2.2.1.4 Rank=4
· For Ng=2
Rank 2 precoders can be obtained by extending Rel-15 rank 4 4Tx precoder to two different antenna groups. For example, the UE can apply the 1st two precoding vectors to the antenna ports corresponding to the 1st antenna group, and apply the last two precoding vectors to the antenna ports corresponding to the 2nd antenna group. The other element corresponding to the non-selected antenna group in a layer are set to ‘0’. 
· For Ng=4
In this case, each PUSCH layer is transmitted by antenna ports from an antenna group and all the 4 antenna groups shall be used for all 4 PUSCH layer transmission, the final rank 4 8Tx precoder can be obtained by indicating one rank 1 2Tx precoding matrix to each antenna group.
2.2.1.5 For rank>4
For more than 4 layers PUSCH transmission, two codewords should be transmitted and Rel-15 DL CW to layer mapping scheme can be reused as follows:
· Rank 5 with 2CW: 2+3(the 1st CW0 has 2 layers and the 2nd CW1 has 3 layers)
· Rank 6 with 2CW: 3+3(the 1st CW0 has 3 layers and the 2nd CW1 has 3 layers)
· Rank 7 with 2CW: 3+4(the 1st CW0 has 3 layers and the 2nd CW1 has 4 layers)
· Rank 8 with 2CW: 4+4(the 1st CW0 has 4 layers and the 2nd CW1 has 4 layers)
For both Ng=2 and Ng=4, all the antenna groups shall be used for all the PUSCH layer transmission. For Ng=2, each CW is transmitted by an antenna group and two 4Tx precoders can be indicated for two antenna groups. For example, when a rank 5 PUSCH is scheduled, one rank 2 4Tx precoder and a rank 3 4Tx precoder can be indicated, where the rank 2 4Tx precoder applies to the antenna ports within the 1st antenna group and the rank 3 4Tx precoder applies to the antenna ports within the 2nd antenna group. The CW (or layer) to antenna group mapping can be done with a fixed rule or signaled for more flexibility. 
For Ng=4, assuming that CW0 is transmitted by antenna ports from the 1st and the 2nd antenna group and CW1 is transmitted by antenna ports from the 3rd and the 4th antenna group. Antennas from the 1st and the 2nd antenna group can be taken as a virtual 4Tx partial coherent antenna group 0, and antennas from the 3rd and the 4th antenna group can be taken as a virtual 4Tx partial coherent antenna group 1. Then the gNB can indicate a 4Tx partial/non-coherent precoding matrix to each virtual antenna group for the transmission of each CW.
In summary, 
· for rank 1, the 8Tx codebook can be obtained by indicating a rank 1 2Tx or 4Tx precoding matrix and antenna group, and apply the 2Tx/4Tx precoding matrix to the antennas from the selected antenna group.
· for rank 2, 3, 4 with Ng=2, 8Tx codebook can be obtained by indicating a rank 2, 3, 4  4Tx precoding matrix and assigning the precoding vectors to two antenna groups.
· for rank 2, 3, 4 with Ng=4, 8Tx codebook can be obtained by indicating 2 or 3 or 4 antenna groups and indicating a 2Tx rank 1 precoding matrix for each antenna group.
· for rank>4 with Ng=2, two CWs shall be scheduled and each CW is transmitted by an antenna group by indicating a 4Tx precoding matrix.
· For rank>4 with Ng=4, two CW shall be scheduled and each CW is transmitted by two antenna groups by indicating a 4Tx partial/non-coherent 4Tx precoding matrix
[bookmark: _Toc115251793][bookmark: _Toc115251843][bookmark: _Toc115427443][bookmark: _Toc118388534][bookmark: _Toc118469224]8Tx partial-coherent codebook can be contructed by the following methods: 
· [bookmark: _Toc115251794][bookmark: _Toc115251844][bookmark: _Toc115427444][bookmark: _Toc118388535][bookmark: _Toc118469225]for rank 1, the 8Tx codebook can be obtained by indicating a rank 1 2Tx or 4Tx precoding matrix and antenna group, and apply the 2Tx/4Tx precoding matrix to the antennas from the selected antenna group.
· [bookmark: _Toc115251795][bookmark: _Toc115251845][bookmark: _Toc115427445][bookmark: _Toc118388536][bookmark: _Toc118469226]for rank 2, 3, 4 with Ng=2, 8Tx codebook can be obtained by indicating a rank 2, 3, 4  4Tx precoding matrix and assigning the precoding vectors to two antenna groups.
· [bookmark: _Toc115251796][bookmark: _Toc115251846][bookmark: _Toc115427446][bookmark: _Toc118388537][bookmark: _Toc118469227]for rank 2, 3, 4 with Ng=4, 8Tx codebook can be obtained by indicating 2 or 3 or 4 antenna groups and indicating a 2Tx rank 1 precoding matrix for each antenna group.
· [bookmark: _Toc115251797][bookmark: _Toc115251847][bookmark: _Toc115427447][bookmark: _Toc118388538][bookmark: _Toc118469228]for rank>4 with Ng=2, two CWs shall be scheduled and each CW is transmitted by an antenna group by indicating a 4Tx precoding matrix.
· [bookmark: _Toc115251798][bookmark: _Toc115251848][bookmark: _Toc115427448][bookmark: _Toc118388539][bookmark: _Toc118469229]For rank>4 with Ng=4, two CW shall be scheduled and each CW is transmitted by two antenna groups by indicating a 4Tx partial/non-coherent 4Tx precoding matrix

2.2.2  Codebook for fully-coherent UE
For full-coherent UEs, two alternatives were proposed for codebook design. With Alt2-a, multiple set of precoding matrices will be specified corresponding to different ranks for full coherent UE as that for 4Tx UE in Rel-15, which may lead to heavy standardization effort to evaluate all the possible precoding matrices. Alt1-b assumes DL Type-I codebook (based on DFT spatial transformation) is supported since the same antenna layouts are used for both Rel-15 DL Type-I CSI codebook and Rel-18 full coherent array with 8 antenna ports. 
Dual-state codebook structure W=W1W2 is adopted for DL Type-I codebook, where ,  is composed to L oversampled 2D DFT beams, and  performs beam selection and QPSK co-phasing between two polarizations. W corresponding to all rank 1 to rank 8 for 8 CSI-RS ports are provided by indicating one or more beam indexes in horizontal and vertical direction, and a co-phasing factor between two polarization in Rel-15 DL Type-I CSI codebook, and orthogonal cover codes across different beams. This can be enhanced for UL 8Tx full coherent codebook. One advantage of such parameterized codebook is that the TPMI overhead and the performance can be adjusted by configuring different oversample factor in horizontal and/or vertical. On the other hand, a proper codebook can be constructed for each antenna layout by configure corresponding antenna parameters M and N. Therefore, we support to design codebook for full coherent 8Tx UE based on Rel-15 DL type-I codebook.
[bookmark: _Hlk110357293][bookmark: _Toc111043365][bookmark: _Toc115251792][bookmark: _Toc115251842][bookmark: _Toc115427442][bookmark: _Toc118388540][bookmark: _Toc118469230]Adopt Alt1-b for 8Tx fully-coherent codebook design.
2.2.2.1 DFT based codebook for fully-coherent UE
[bookmark: OLE_LINK2]In Rel-15, DL Type-I CSI codebook for both (M,N,P)=(2,2,2) and (M,N,P)=(4,1,2) are specified, which can be used for 8Tx full-coherent codebook design. For example, 8Tx full coherent codebook can be obtained by fixing L=1 in W1 and introducing more oversampling factors. Some precoding matrix examples are provided as follows: 
· For rank 1: 
·  is a oversampled 2D DFT vector with length-MN.
· , 
·   is the co-phasing coefficient between two polarizations.
· .
· For rank 2: 
· ,
· 
· For (M, N)=(2,2),
·  
· For (M, N)=(4,1),
·  
· For ran 3/4:
·  
· 
· 
·  ,
· For (M, N) = (2,2),
·  
· For (M, N) = (4,1),
·  
· For ran 5/6:
·  
· 
·  
· ,
·  , 
· For (M, N) = (2,2)
·  , 
· For (M, N) = (4,1), 
· , 
· For ran 7/8: 
· 
· 
· ,
· , 
· ,
· For (M, N) = (2,2),
· 
· ,,.
· For (M, N) = (4,1),
· 
· ,,.
The R15 DL Type 1 codebook has two modes: mode 1 and mode 2. To simplify the design for UL full coherent 8TX codebook, we propose to start with mode 1 as a baseline. In Rel-15 DL, all the parameters for each W are reported by the UE to the gNB in one or more CSI reports with different CSI formats and/or different report periods. For example, (m, n) may be reported with larger period since they corresponding to long term channel characteristic and l can be reported with short period.
For UL operation, all the parameters including m,n,( ) and l may need to be indicated for the UE in the UL grant for a PUSCH. How to indicate those parameters with lower DCI indication overhead can be further studied.
[bookmark: _Toc115251799][bookmark: _Toc115251849][bookmark: _Toc115427449][bookmark: _Toc118388541][bookmark: _Toc118469231]Study mechanism to indicate paramters for a UE to obtain a full coherent precoding matrix. Use mode 1 of Rel-15 DL Type 1 codebook as a baseline.
Clearly, each of the alternatives of the 8Tx UL codebooks provided above would lead to different signaling overhead for TPMI, which may exceed the number of bits for precoding information in PUSCH-scheduling DCI Formats, i.e., DCI Format 0_1/0_2. Based on that, the signaling overhead of TPMI should be a main performance metric of this study/work item. Means of signaling the TPMI are FFS.
[bookmark: _Toc101302649][bookmark: _Toc101539872][bookmark: _Toc101983705][bookmark: _Toc102029170][bookmark: _Toc111043367][bookmark: _Toc115251800][bookmark: _Toc115251850][bookmark: _Toc115427450][bookmark: _Toc118388542][bookmark: _Toc118469232]TPMI signaling overhead is considered as a performance metric when studying different alternatives for 8Tx UL codebook design 

2.2.3 Codebook for non-coherent UE
For non-coherent UE, all the 8 antennas are non-coherent, and only a single antenna can be used for a PUSCH layer transmission. Therefore, 8×1 antenna selection vector(s) based codebook is enough for non-coherent UE as that for 2TX/4TX specified in NR Rel-16. Each PUSCH layer is transmitted by one antenna port. Bitmap based TPMI indication for non-coherent 8Tx UE can be considered. Then the antenna ports used for each PUSCH layer transmission can be directly indicated by the TPMI field without specifying a long TPMI indication table.
[bookmark: _Toc115427441][bookmark: _Toc118388543][bookmark: _Toc118469233]Introduce bitmap based TPMI indication for non-coherent 8Tx UE.

2.3 Codeword to layer mapping
In RAN1#110bis-e, supporting two-codeword transmission for Rank > 4 was set as a working assumption, and whether the working assumption is confirmed shall be concluded in RAN1#111. Moreover, if two-codeword transmission for Rank>4 is to be supported, it was agreed to reuse the DL codeword-to-layer mapping rule for UL transmission, i.e., the mapping of PUSCH layers 1,…, R >4 follows that of PDSCH layers for the same R value. Our preference is to confirm the working assumption to support two-codeword UL transmission for Rank >4
[bookmark: _Toc111043368][bookmark: _Toc115251801][bookmark: _Toc115251851][bookmark: _Toc115427451][bookmark: _Toc118388544][bookmark: _Toc118469234]Confirm the working assumption to support dual codeword transmission for Rank >4.
In Rel-17, UCI including HARQ-ACK and CSI can be multiplexed in the single CW of a PUSCH. When two CWs are scheduled for a PUSCH transmission with more than 4 layers, one issue is how to multiplex the UCI in one or two of the two scheduled CWs. For example, all the UCI can be multiplexed in one of the scheduled 2CW or can be multiplexed in both CWs (the detailed multiplexing rule is FFS). 
[bookmark: _Toc111043370][bookmark: _Toc115251803][bookmark: _Toc115251853][bookmark: _Toc115427453][bookmark: _Toc118388545][bookmark: _Toc118469235]Study UCI multiplexing in PUSCH scheduled with 2 codewords.

2.4 Non-codebook based PUSCH transmission with 8Tx
Since the antenna ports for PUSCH transmission is tightly coupled to the SRS antenna ports, to support 8Tx UL operation, extension for the Rel-15 SRS configuration is needed. In RAN1#110bis-e, it was agreed to support one SRS resource set with up to 8 single-port SRS resources. Different from codebook based PUSCH transmission, each SRS resource corresponds to a rank 1 precoding vector for the UE and one or more SRS resources can be indicated for the UE to obtain the precoding matrix for the scheduled PUSCH transmission. For 8Tx UE configured with 8 SRS resources for non-codebook, the gNB should indicated R out of 8 SRS resource for the UE by the SRI field in the scheduling DCI. For the UE support up to rank 8 transmission, 255 SRI combinations should be captured in TS38.212 as that for 4Tx UE in Rel-15, which leads heavy specification effort. Bitmap based SRI indication for 8Tx non-codebook based PUSCH transmission can be considered. Each bit in the 8-bit bitmap corresponds to a SRS resource and indicates whether the corresponding SRS resource is selected for the PUSCH transmission.
[bookmark: _Toc115251807][bookmark: _Toc115251857][bookmark: _Toc115427457][bookmark: _Toc118388546][bookmark: _Toc118469236]Introduce bitmap based SRI indication for non-codebook based 8Tx PUSCH transmission.

2.5 SRS resource configuration for codebook-based PUSCH transmission
In RAN1#110bis-e, the following was agreed
	Agreement
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
1. Support configuration of 1 SRS resource set containing up to X 8-port SRS resource(s), where X = 2   
3. FFS : Other values for X, if needed 
1. FFS : Configuration of at least one SRS resource set, configured with more than one SRS resources where each SRS resource may have the same or different number of SRS ports, e.g., for support full power operation, if supported
1. FFS : Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, for example,   
5. Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
5. Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources  



In this section, we provide our views on the FFS parts of this agreement. In our opinion, the number of SRS resources per SRS resource sets should be analogous to the number of antenna groups Ng, i.e., for a UE with Ng=1, one SRS resource with 8 ports is configured, whereas for Ng=2 with partial coherent capability, two SRS resources with at least 4 SRS ports each is configured, and for Ng=4 with partial coherent capability, four SRS resources with at least 2 SRS ports each is configured. More generally, for an antenna configuration with Ng=8/M antenna groups, an SRS resource set with at least 8/M of M-port SRS resources is configured. When M>1, the SRS ports of each SRS resource are associated with the antenna ports within a same antenna group, and the SRS ports of different SRS resources within a same set are associated with antenna ports within different antenna groups.
[bookmark: _Toc118388547][bookmark: _Toc118469237]For an antenna configuration with Ng=8/M antenna groups, an SRS resource set with at least 8/M of M-port SRS resources is configured. 
[bookmark: _Hlk118129432]Moreover, it is preferred that SRS resources configured within a same SRS resource set have the same number of SRS ports for simplicity. Since all the 8 antenna ports are sounded by several SRS resources, multiple SRS resources should be indicated by the SRI field for codebook PUSCH scheduling. The SRI indication mechanism adopted for non-codebook based PUSCH scheduling can be reused. For CB based PUSCH, SRI field codepoint is mapped to multiple SRS resources when all the 8 antenna ports are sounded by more than 1 SRS resources.
[bookmark: _Toc118388548][bookmark: _Toc118469238]SRS resources configured within a same SRS resource set have the same number of SRS ports. 
[bookmark: _Toc118469239]For CB PUSCH scheduling, each SRI field codepoint is mapped to multiple SRS resources which are used for all 8 antenna ports sounding.

2.6  Frequency selective UL precoding
One other alternative is to support a frequency-selective codebook design, i.e., multiple precoding matrices are supported across the BWP. Such design is similar to that of  higher resolution DL codebook compared with the Rel. 15 TPMI, e.g., via designs similar to that of DL Type-I or Rel. 15 Type-II port-selection codebooks with sub-band format. Alternatively, a dual-stage codebook design can be adopted, similar to Rel. 16/17 Type-II port-selection codebooks, where a frequency-domain transformation matrix is applied to the codebook to reduce the number of precoding matrix coefficients per Tx port. Further details are FFS.
Compared with 4Tx UL operation, 8 transmit antenna ports can provide additional gains including diversity gain and antenna array gain. Frequency selective based pre-coding for codebook based PUSCH is not supported for 4Tx UE because of the TPMI indication overhead.  However, if dual-stage codebook is adopted for 8Tx UE, frequency selective based precoding can be supported with a reasonable TPMI overhead.
We provide some preliminary evaluation on the frequency selective precoding for 8Tx UE as illustrated in Figure 3. 
 
[bookmark: _Ref101340534]Figure 3 Performance comparison of wideband precoding and sub-band precoding for 8Tx UE with Rank 1
It can be seen that the performance gain of frequency selective precoding at lower and medium SINR range is significant. For example, 42% throughput gain can be obtained at SNR=14dB. Although the maximum rank is limited to 1 in our simulation, it can be predictable that frequency selective gain can also be obtained for higher rank scenario. Given these results, the performance benefits, signaling overhead and specification impact of supporting frequency-selective precoding for 8Tx UE should be further studied.
[bookmark: _Toc101300304][bookmark: _Toc101300511][bookmark: _Toc101302650][bookmark: _Toc101539873][bookmark: _Toc101983706][bookmark: _Toc102029171][bookmark: _Toc111043366][bookmark: _Toc115251808][bookmark: _Toc115251858][bookmark: _Toc115427458][bookmark: _Toc118388549][bookmark: _Toc118469240]Study the performance benefits, signaling overhead and specification impact of supporting frequency-selective precoding for 8Tx UE 

Conclusion
Proposal 1	Use antenna grouping to represent different UL Tx coherence assumptions, with the following conditions
· Antennas within an antenna group are coherent.
· Antennas within an antenna group are uniformly spaced.
· Antenna configurations of different antenna groups are identical
· Coherence assumptions of two antennas across two antenna groups are the same
Proposal 2	A number of antenna coherence groups Nc is used to characterize the coherence assumption across Ng antenna groups, where Nc is the number of antenna groups in which all antennas of the antenna groups are coherent, and  Nc≤Ng
Proposal 3	Support fully-coherent precoders with Ng=1,2,4
Proposal 4	For coherence-based antenna grouping under partial-coherent UEs:
· Nc=2: Support Alt-2, i.e.,: two coherent groups of {0,1,4,5} and {2,3,6,7}
· Nc=4: Support Alt-1, i.e.,: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}
Proposal 5	Prioritize full coherence and partial coherent capable UE for 8Tx UL operation
Proposal 6	8Tx partial-coherent codebook can be contructed by the following methods:
· 	for rank 1, the 8Tx codebook can be obtained by indicating a rank 1 2Tx or 4Tx precoding matrix and antenna group, and apply the 2Tx/4Tx precoding matrix to the antennas from the selected antenna group.
· 	for rank 2, 3, 4 with Ng=2, 8Tx codebook can be obtained by indicating a rank 2, 3, 4  4Tx precoding matrix and assigning the precoding vectors to two antenna groups.
· 	for rank 2, 3, 4 with Ng=4, 8Tx codebook can be obtained by indicating 2 or 3 or 4 antenna groups and indicating a 2Tx rank 1 precoding matrix for each antenna group.
· 	for rank>4 with Ng=2, two CWs shall be scheduled and each CW is transmitted by an antenna group by indicating a 4Tx precoding matrix.
· 	For rank>4 with Ng=4, two CW shall be scheduled and each CW is transmitted by two antenna groups by indicating a 4Tx partial/non-coherent 4Tx precoding matrix
Proposal 7	Adopt Alt1-b for 8Tx fully-coherent codebook design.
Proposal 8	Study mechanism to indicate paramters for a UE to obtain a full coherent precoding matrix. Use mode 1 of Rel-15 DL Type 1 codebook as a baseline.
Proposal 9	TPMI signaling overhead is considered as a performance metric when studying different alternatives for 8Tx UL codebook design
Proposal 10	Introduce bitmap based TPMI indication for non-coherent 8Tx UE.
Proposal 11	Confirm the working assumption to support dual codeword transmission for Rank >4.
Proposal 12	Study UCI multiplexing in PUSCH scheduled with 2 codewords.
Proposal 13	Introduce bitmap based SRI indication for non-codebook based 8Tx PUSCH transmission.
Proposal 14	For an antenna configuration with Ng=8/M antenna groups, an SRS resource set with at least 8/M of M-port SRS resources is configured.
Proposal 15	SRS resources configured within a same SRS resource set have the same number of SRS ports.
Proposal 16	For CB PUSCH scheduling, each SRI field codepoint is mapped to multiple SRS resources which are used for all 8 antenna ports sounding.
Proposal 17	Study the performance benefits, signaling overhead and specification impact of supporting frequency-selective precoding for 8Tx UE
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Appendix

	Parameters
	Values

	frequency
	4GHz

	Subcarrier spacing
	30kHz

	Channel model for link-level simulation
	CDL-C

	Delay Spread
	300ns

	UE velocity
	3 km/h

	Occupied channel bandwidth
	48 PRB

	Configuration of UE antennas 
	8T8R with (M, N, P) = (4,1,2), (dH, dV) = (0.5, 0.5) λ

	Configuration of gNB antennas 
	8T8R with (M, N, P) = (4,1,2), (dH, dV) = (0.5, 0.5) λ

	Bandwidth
	20MHz

	Channel estimation
	MMSE

	
	

	Precoding granularity 
	Sub-band, 4RB per RBG, WB for Figure 2.


[bookmark: _Ref118467965]Table 1.  Simulation assumption
Throughput of CB based PUSCH

CB wideband	SNR=-4dB	SNR=4dB	SNR=14dB	SNR=24dB	2637.49	3999.6	7547.57	16581.66	CB 4RBs/subband	SNR=-4dB	SNR=4dB	SNR=14dB	SNR=24dB	3286.56	5490.31	10903.11	17438.29	

Mbps



throughput comparision of CB based PUSCH

CB wideband	SNR=-4dB	SNR=4dB	SNR=14dB	SNR=24dB	1	1	1	1	CB 4RBs/subband	SNR=-4dB	SNR=4dB	SNR=14dB	SNR=24dB	1.2461	1.3727	1.4446000000000001	1.0516000000000001	
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