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1 [bookmark: _xl2dgc5pmumw]Introduction
In RAN#94e, a work item for NR MIMO evolution for downlink and uplink [1] was agreed with the following objectives.

2 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
2.1 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.


The following agreements were made on SRI/TPMI enhancement for enabling 8 Tx UL transmission in the meeting RAN1 #112b-e[2]


 Working Assumption
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
Rank
All layers in one Antenna Group
Layers split across 2 Antenna Groups
2
(2,0), (0,2)
· 
2
· 
(1,1)
3
(3,0), (0,3)
· 
3
· 
(1,2), (2,1)
4
(4,0), (0,4)
· 
4
· 
(2,2)
5
· 
(2,3), (3,2)
6
· 
(3,3)
7
· 
(3,4), (4,3)

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, Alt1 is supported where
· Precoding design is based on Rel-15 UL 2TX codebook, 
· Full-coherent precoders are used
· Further study codebook size reduction


 




















Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· The following rank and layer splitting cases are supported,
Rank
All layers in one Antenna Group
Layers split across 4 Antenna Groups
1
(1,0,0,0), (0,1,0,0), (0,0,1,0), (0,0,0,1)
·  
2
(2,0,0,0), (0,2,0,0), (0,0,2,0), (0,0,0,2)
·  
2
· 
Transmission by 2 of the 4 antenna groups:
(1,1,0,0), (1,0,1,0), (1,0,0,1)
(0,1,1,0), (0,1,0,1), (0,0,1,1)
4
·  
(1,1,1,1)
4
· 
Transmission by 2 of the 4 antenna groups:
(2,2,0,0), (2,0,2,0), (2,0,0,2)
(0,2,2,0), (0,2,0,2), (0,0,2,2)
8
·  
(2, 2, 2, 2)
Note: Above is not relevant to how precoders are indicated.

Agreement
For non-coherent uplink precoding with rank≤8 by an 8TX UE, down-select from
· Alt1. – All 255 combinations from 8 non-coherent rank1 precoders are supported
Alt2. – Only a subset of Alt1. is supported, striving for a substantial reduction in the number of precoders

Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=4, 
· In addition to the previously agreed cases, down-select from the rank and layer splitting cases listed below 
Rank
All layers in one Antenna Group
Layers split across 4 Antenna Groups
(All possible permutations)
3
· 
Transmission by 2 of the 4 antenna groups:
(2,1,0,0), (2,0,1,0), (2,0,0,1), (0,2,1,0), (0,2,0,1), (0,0,2,1),
(1,2,0,0), (1,0,2,0), (1,0,0,2), (0,1,2,0), (0,1,0,2), (0,0,1,2)
 
Transmission by 3 of the 4 antenna groups:
(1,1,1,0), (1,1,0,1), (1,0,1,1), (0,1,1,1)
4
· 
Transmission by 3 of the 4 antenna groups:
(2,1,1,0), (0,2,1,1), (1,0,2,1), (1,1,0,2)
(1,2,1,0), (1,1,2,0), (0,1,2,1), (0,1,1,2), (1,0,1,2), (2,0,1,1), (2,1,0,1), (1,2,0,1)
5
·  
Transmission by 3 of the antenna groups:
(2,2,1,0), (2,2,0,1), (2,0,2,1), (0,2,2,1),  
(2,1,2,0), (1,2,2,0), (2,1,0,2), (1,2,0,2), (2,0,1,2), (1,0,2,2), (0,2,1,2), (0,1,2,2)
 
Transmission by 4 of the 4 antenna groups:
(1,1,2,1), (1,1,1,2), (2,1,1,1), (1,2,1,1)
6
·  
Transmission by 3 of the 4 antenna groups:
(2,2,2,0), (2,2,0,2), (2,0,2,2), (0,2,2,2)
 
Transmission by 4 of the 4 antenna groups:
(2,1,2,1), (1,2,1,2), (1,2,2,1), (2,1,1,2), (2,2,1,1), (1,1,2,2
7
· 
Transmission by 4 of the 4 antenna groups:
(2,1,2,2), {(2,2,2,1), (1,2,2,2), (2,2,1,2)












































In this contribution, we propose our views on the issues related to SRI/TPMI enhancements for enabling 8 Tx UL transmission.

3 Discussion

In the previous meetings, it was agreed that for non-coherent uplink precoding by an 8Tx UE, a straightforward extension of the codebook of the 4Tx UE was supported. For non-coherent UEs,  &  was agreed. According to the agreements, for , fully-coherent precoders from R15 UL 4Tx codebook should be used to construct the 8Tx codebook. In the previous meeting, some set of combination for layer splitting for layers 2-7 were agreed as working assumption. In this meeting, the proposed candidates for combinations for layer splitting should be agreed.

Proposal 1: Confirm the working assumption for partial coherent uplink precoding by an 8Tx UE,  to support different combinations for layer splitting

As per our understanding, the term “antenna group” refers to all antennas in one antenna panel present in a CPE/FWA device. For example, for  we have 2 antenna groups and for  we have 4 antenna groups. For CPE/FWA devices, higher UL throughput is one of the major requirements and achieving higher throughput is possible by effectively using the spatial diversity provided by the higher number of antennas present in the CPE/FWA devices. In order to do this, we may have to compromise on control signaling overhead. In the previous meeting, some combinations of layer splitting for  were agreed as working assumptions. We feel that, in 8Tx devices, the best rank with respect to an antenna group will be independent from the best rank with respect to a different antenna group. Hence, in order to exploit full spatial diversity, we have to study more combinations for layer splitting at least for . At least the support of a subset of combinations that can allow smaller rank from one antenna group and higher rank from another antenna group such as (1,4), for a 5 layer transmission should be investigated. 

Proposal 2: At least for , additional combinations should be studied for rank > 4.

In the previous meeting, for , it was agreed as an FFS that for rank >4, all the layers for each codeword is mapped to only one antenna group. In case of rank > 4 PUSCH transmission, two codewords can be transmitted in PUSCH. The modulation and coding scheme for each of the codeword will be signaled separately in the DCI. In the case of , we feel that the channel conditions of the first antenna group will be independent of the channel conditions of the second antenna group. If one of the two codewords is transmitted in both the antenna groups, then the MCS for that codeword should be computed based on the average channel condition of both the antenna groups. This will impact the overall performance of the UE. Hence, we feel that for rank > 4, all the layers for each codeword is mapped to only one antenna group.

Proposal 3: At least in the case of layer splitting for  partially coherent uplink precoding, support all the layers of each codeword is mapped to only one antenna group.

In the case of non-coherent uplink precoding, the number of rank-1 precoders are 8 where each rank-1 precoder is a column vector from an identity matrix. In order to support up to 8 layers, the total number of non-coherent precoders that are possible will be  i.e. 255. In the previous meeting, two alternatives were proposed for non-coherent uplink precoding with rank  8 by an 8Tx UE. One alternative is to support all 255 combinations from 8 non-coherent rank 1 precoders and another alternative is to support only a subset of all 255 combinations. As per our understanding, we don’t see any criteria to select a subset among the set of all 255 combinations and down-selecting randomly will impact the system performance. Hence, we feel that all 255 combinations should be supported for non-coherent codebook.

Proposal 4: Support all 255 combinations from 8 non-coherent rank1 precoders for non-coherent uplink precoding with rank  8.

In the case of partially coherent uplink precoding by an 8Tx UE with , it was suggested to down-select from all possible permutations for layer splitting. We feel that down-selecting from all possible permutations will impact the performance of the UE. Hence, we feel that all possible permutations should be supported.

Proposal 5: Support all possible permutations for layer splitting across antenna groups in the case of partially coherent uplink precoding by an 8TX UE when =4.

For , we feel that all the layers corresponding to a codeword should be mapped to a single antenna group. We feel that similar kind of restriction should be imposed in case of  too. Hence, we support at least for , each antenna group should not contain layers corresponding to more than one codeword.

Proposal 6: At least for , each antenna group should not contain layers corresponding to more than one codeword.
4 Summary
The proposals of this contribution are summarized as follows:

Proposal 1: Confirm the working assumption for partial coherent uplink precoding by an 8Tx UE,  to support different combinations for layer splitting.

Proposal 2: For , additional combinations should be studied for rank > 4.

Proposal 3: At least in the case of layer splitting for  partially coherent uplink precoding, support all the layers of each codeword is mapped to only one antenna group.

Proposal 4: Support all 255 combinations from 8 non-coherent rank1 precoders for non-coherent uplink precoding with rank  8.

Proposal 5: Support all possible permutations for layer splitting across antenna groups in the case of partially coherent uplink precoding by an 8TX UE when =4.

Proposal 6: At least for , each antenna group should not contain layers corresponding to more than one codeword.
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