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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
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#109-e [2]:
	Agreement
Study fully-coherent, partially-coherent and non-coherent UEs for uplink transmission with 8TX UEs.

Agreement
Study full power transmission for 8TX UEs.
· Details are FFS upon completion of codebook design

Agreement
For 8TX UE uplink transmission, study codebook- and non-codebook-based transmission with maximal layer number of both 4 and 8 layers.

Agreement
For 8TX UE, consider the following UE antenna layouts for codebook design,
· For non-coherent UEs, consider linear array (1D/2D) of cross-polarized or single-polarized antenna configuration
· For fully/partial-coherent UEs, consider linear array (1D/2D)
· Where the array is either cross-polarized antenna configuration or single polarized antenna configuration
· Ng>=1 antenna groups can be considered where each group comprises coherent antennas, and across groups, antennas can be non-coherent/coherent depending on device types
· An example of an antenna group is a panel
· Within an antenna group, antenna elements are uniformly spaced. Across different antenna groups, companies to provide details.
Additional information for definition of antenna layout 
· Based on the number of coherent groups, following exemplary cases can be considered where, within each group, antenna elements are spaced by 0.5λ, and then dG-H, dG-V represent the horizontal and vertical spacings between the centers of adjacent antenna groups, respectively 
· Further down-selection can be done in the next meeting, if needed 
· The shown exemplary placing of antenna groups can be used for evaluation purpose, but the codebook design is not restricted to shown cases. 
· Other antenna layouts for other use cases are not precluded.
· To start companies may report their results according to their preferred layout.

	Case
	Ng
	(M, N, P) per group
	Antenna Layout
	Antenna Pattern/Antenna Element Gain

	1
	1
	(2, 2, 2), 
(1, 4, 2)
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Description automatically generated]
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA)

	2
	2
	(1, 2, 2)
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Description automatically generated]
	Isotropic (Indoor/Outdoor FWA & Industrial)
 
8 dBi, 65° HPBW(Outdoor FWA) 

	3
	4
	(1, 1, 2)
	

	Isotropic (Indoor/Outdoor FWA & Industrial)
 
4 dBi, 110° HPBW(Indoor FWA & Industrial



Agreement
For 8TX UE codebook-based uplink transmission, down-select one of
· Alt1-a:
· 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 non-coherent UEs
· Study NR Rel-15 DL Type I codebook as the starting point for design of the codebook for fully/partially-coherent UEs
· 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
· Alt2-b:
· Study NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) in combination with those based on NR Rel-15 DL Type I codebooks as the starting point for design of codebook for fully/partially/non-coherent UEs
· Alt3:
· Study NR Rel-15 DL Type I codebook as the starting point for design of codebook for fully/partially/non-coherent UEs
· Transmission using one or multiple precoders corresponding to one or multiple SRS resources can be studied as part of the above alternatives.


The following agreements were reached in RAN1#109-e [3]:
	Agreement
· 8TX PUSCH is supported in Rel-18

Agreement
For a 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




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
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: _Toc101300301][bookmark: _Toc101300508][bookmark: _Toc115427435]Prioritize full coherence and partial coherent UE capability for 8Tx UL operation 
In RAN1#109-e it was agreed to model the antennas to Ng antenna groups, wherein antennas with in 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]Use antenna grouping to represent different UL Tx coherence assumptions, with the following conditions
· [bookmark: _Toc111043362][bookmark: _Toc115251785][bookmark: _Toc115251839][bookmark: _Toc115427437]Antenna configurations of different antenna groups are identical
· [bookmark: _Toc111043363][bookmark: _Toc115251786][bookmark: _Toc115251840][bookmark: _Toc115427438]Antennas within an antenna group are coherent.
· [bookmark: _Toc111043364][bookmark: _Toc115251787][bookmark: _Toc115251841][bookmark: _Toc115427439]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 illuestrated 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 on two antenna ports across different coherence groups is not clear. Considering Antenna layout 3-a above, antennas across the three antenna groups may be fully-coherent, in which  case all antennas can be considered to belong to one ‘coherence group’, i.e., Nc=1. Alternatively, antennas across any two antenna groups may be non-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, 6) 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]A number of antenna coherence groups Nc is used to characterize the coherence assumption across antenna groups, where   

2.2 Codebook based PUSCH transmission with 8Tx 
In this section we focus on UL precoding matrix design for codebook-based PUSCH transmission, based on the alternatives listed in the chairman notes of RAN1#109-e. Alt1-b and Alt2-a shall be down-selected in this meeting. A summary of the alternative codebook designs are listed in Table 1, as follows
	
	Non-coherent
	Partially coherent
	Fully coherent

	Alt1-b
	UL 2TX/4TX codebook and/or 8x1 antenna selection vector(s)
	UL 2TX/4TX and/or
antenna selection
	DL Type-I codebook

	Alt2-a
	UL 2TX/4TX codebook and/or 8x1 antenna selection vector(s)
	UL 2TX/4TX and/or
antenna selection
	UL 2TX/4TX and/or
antenna selection


[bookmark: _Ref110354640][bookmark: _Ref110354635]Table 1. Codebook design alternatives based on coherence assumption
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]Introduce bitmap based TPMI indication for non-coherent 8Tx 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 a common understand that Rel-15 UL 2TX/4TX CB and antenna selection bases scheme shall be adopted 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. On the other hand, 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, the detailed design is provided in section 2.1.1.
The key difference between Alt1-b and Alt2-a is how to design the codebook for full coherent UE. 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]Adopt Alt1-b for 8Tx codebook design.
Codebook design
[bookmark: _Ref115159518]Codebook for partial-coherent UE
In this section, we provide some examples to construct the codebook for partial coherent UE by adopting UL 2Tx/4Tx codebook.
For partial-coherent UE, each PUSCH layer shall be transmitted in an antenna group. Each antenna group comprises of two or four antennas corresponding to case 2 and case 3, 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.
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 
· , , , 
· , , , 
· , , , 
· , , , 
· , , , 
· , , , 
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.
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.
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.
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]8Tx partial-coherent codebook can be contructed by the following methods: 
· [bookmark: _Toc115251794][bookmark: _Toc115251844][bookmark: _Toc115427444]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]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]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]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]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

Codebook for full-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]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]TPMI signaling overhead is considered as a performance metric when studying different alternatives for 8Tx UL codebook design 

2.3 Codeword to layer mapping
Note that in case Rank > 4 is supported, two codeword should be introduced as DL and a new codeword-to-layer mapping rule for UL transmission needs to be agreed, i.e., the mapping of layers 1,…, R to the two codewords. The DL CW to layer mapping scheme can be considered as baseline. For R≤4, codeword-to-layer mapping should not be discussed for 8Tx UL operation. 
[bookmark: _Toc111043368][bookmark: _Toc115251801][bookmark: _Toc115251851][bookmark: _Toc115427451]More than 4 layers PUSCH transmission should be supported for 8TX PUSCH transmission with 2 codewords.
[bookmark: _Toc111043369][bookmark: _Toc115251802][bookmark: _Toc115251852][bookmark: _Toc115427452]Study codeword-to-layer mapping for 8TX UL PUSCH transmission with more than 4 layers scheduling. 
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]Study UCI multiplexing in PUSCH scheduled with 2 codewords.
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. For example, SRS resource with 8 SRS ports should be supported for codebook based PUSCH transmission. For non-codebook based PUSCH, up to 8 single port SRS resources should be supported in a SRS resource set.
[bookmark: _Toc101300506][bookmark: _Toc101302642][bookmark: _Toc101539865][bookmark: _Toc101983697][bookmark: _Toc102029162][bookmark: _Toc111043372][bookmark: _Toc115251804][bookmark: _Toc115251854][bookmark: _Toc101300300][bookmark: _Toc115427454]To support 8Tx UL transmission, on the SRS configuration, 
· [bookmark: _Toc101302643][bookmark: _Toc101539866][bookmark: _Toc101983698][bookmark: _Toc102029163][bookmark: _Toc111043373][bookmark: _Toc115251805][bookmark: _Toc115251855][bookmark: _Toc101300507][bookmark: _Toc115427455]One or two SRS resources with 8 SRS ports can be configured in the SRS resource set for CB when codebook based UL transmission is configured, and
· [bookmark: _Toc101302644][bookmark: _Toc101539867][bookmark: _Toc101983699][bookmark: _Toc102029164][bookmark: _Toc111043374][bookmark: _Toc115251806][bookmark: _Toc115251856][bookmark: _Toc115427456]Up to 8 SRS resources with single port can be configured in the SRS resource set for nCB when non-codebook based UL transmission is configured.
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]Introduce bitmap based SRI indication for non-codebook based 8Tx PUSCH transmission.

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 2 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.
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Conclusion
Proposal 1	Prioritize full coherence and partial coherent UE capability for 8Tx UL operation
Proposal 2	Use antenna grouping to represent different UL Tx coherence assumptions, with the following conditions
· Antenna configurations of different antenna groups are identical
· Antennas within an antenna group are coherent.
· Coherence assumptions of two antennas across two antenna groups are the same
Proposal 3	A number of antenna coherence groups Nc is used to characterize the coherence assumption across antenna groups, where  Nc≤Ng
Proposal 4	Introduce bitmap based TPMI indication for non-coherent 8Tx UE.
Proposal 5	Adopt Alt1-b for 8Tx codebook design.
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	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 8	TPMI signaling overhead is considered as a performance metric when studying different alternatives for 8Tx UL codebook design
Proposal 9	More than 4 layers PUSCH transmission should be supported for 8TX PUSCH transmission with 2 codewords.
Proposal 10	Study codeword-to-layer mapping for 8TX UL PUSCH transmission with more than 4 layers scheduling.
Proposal 11	Study UCI multiplexing in PUSCH scheduled with 2 codewords.
Proposal 12	To support 8Tx UL transmission, on the SRS configuration,
· One or two SRS resources with 8 SRS ports can be configured in the SRS resource set for CB when codebook based UL transmission is configured, and
· Up to 8 SRS resources with single port can be configured in the SRS resource set for nCB when non-codebook based UL transmission is configured.
Proposal 13	Introduce bitmap based SRI indication for non-codebook based 8Tx PUSCH transmission.
Proposal 14	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
	TDL-C

	Delay Spread
	300ns

	UE velocity
	30 km/h

	Occupied channel bandwidth
	272 PRB

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

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

	Bandwidth
	100MHz

	Channel estimation
	MMSE

	Rank, precoders and MCS
	Fixed rank-1, TPMI and MCS are adaptive.
Rel-15 Type-I single-panel codebook for 8 CSI-RS ports with the parameter  (N1,N2)= (2,2) and (O1, O2)=(4,4) is used as the UL codebook for 8Tx

	Precoding granularity 
	Sub-band, 4RB per RBG


Table 2.  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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