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Introduction
The Rel-18 WID for MIMO Evolution for Downlink and Uplink is approved [1], which includes the following objective:
Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
· Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.

In this contribution, we provide some discussion on the SRI/TPMI enhancements on the 8Tx uplink transmission.

[bookmark: _Ref178064866]Discussion on 8Tx
To support the non-codebook based PUSCH transmission of up to RANK-8, the supported maximum number of SRS resources within a SRS resource set with usage of “non-codebook” need to be extended to 8.
Also another approach can be considered that the 8 single-port SRS resources can be configured into multiple SRS resource sets.
In RAN1#110 meeting, the following agreement has been made on NCB based 8Tx transmission [3]:

Agreement
8TX PUSCH is supported in Rel-18

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.



Current PUSCH transmission has two transmission modes: codebook based and non-codebook based transmission. Both transmission modes are very important and applied for different scenarios. The enhancements on 8Tx SU-MIMO is applicable to both codebook based UL transmission and non-codebook based UL transmission.

Currently only one codeword is supported in spec with a maximum Rank-4 transmission layers. When more than 4 layers is supported, there are two approaches for the 8Tx transmission. One is single CW transmission which enables a transmission from 1 to 8 layers. The other is to support 2 codewords transmission similar to DL, which enables dual codewords transmission for Rank 5-8. Either way is feasible for the uplink. The system performance and efficiency of one codeword transmission may degrade compared to 2 codewords transmission when retransmission is needed especially when the quality among layers differs greatly. 
Proposal 1: Dual codewords can be supported for up to 8 layers of uplink transmission.

Non-codebook based
To support the non-codebook based PUSCH transmission of up to RANK-8, the supported maximum number of SRS resources within a SRS resource set with usage of “non-codebook” need to be extended to 8.
Also another approach can be considered that the 8 single-port SRS resources can be configured into multiple SRS resource sets.
In RAN1#110 meeting, the following agreement has been made on NCB based 8Tx transmission [3]:

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



SRS enhancement is needed for non-codebook based transmission when supporting of up to 8 transmission layers with the following approaches,
1) Allocate 8 SRS resources in a SRS resource set with usage “non-codebook”, which requires the extension of the maximum number of SRS resources in a SRS resource set to 8;
2) Allocate 8 SRS resources in multiple SRS resource sets with the same usage “non-codebook”, which allows multiple SRS resource sets with the same usage “non-codebook” to be configured to the same UE;
For the second approach, only 2 SRS resource sets was considered in last meeting for simplicity.
For non-codebook based PUSCH transmission, the SRS resource set configuration has the following options for the CSI acquisition:
· Option 1: Up to 8 SRS resources can be configured in a SRS resource set, SRI table needs further extension or redesign, and the bitwidth would be up to 8bits, SRI table may need some re-definition to save DCI bits.
· Option 2: Up to 8 SRS resources can be configured in a SRS resource set, SRI is indicated in bitmap of the corresponding SRS resources(up to 8 bits), but no effort on the definition of SRI table.
· Option 3: Up to 8 SRS resources can be configured in at most two SRS resource sets, two SRI fields are needed for the indication according to the current SRI mapping tables. The SRS resource set with a lower ID is the first SRS resource set which is corresponding to the first SRI field, and the SRS resource set of a higher ID is the second SRS resource set which is always corresponding to the second SRI field.
· Option 4: Up to 8 SRS resources can be configured in at most two SRS resource sets, SRI still can be indicated in bitmap of the corresponding SRS resources(up to 8 bits) with e.g. the SRS resources in the first SRS resource set of a lower ID is corresponding to the 4 MSB bits and the SRS resources in the second SRS resource set of a higher ID is corresponding to the 4 LSB bits.
Proposal 2: For SRS configuration for NCB, support Alt.3.
Proposal 3: For non-codebook based PUSCH transmission with 8Tx, SRI indicated in bitmap for both approaches of SRS configurations can be unified, and is preferred for the simplicity without any effort on the design of new SRI tables.

Codebook based
In RAN1#109-e and RAN1#110 meetings, the following agreements have been made on Rel-18 UL 8Tx codebook design[2][3],
	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.



	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
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



In this section, two codebook design approaches are analysed. For Rel-15 DL Type I codebook based approach, the oversampling factor and subset selection method are discussed to design fully-coherent codebook. For Rel-15 UL 4Tx/2Tx codebook based approach, a variety of solutions are proposed to design fully-coherent and partially-coherent codebook. Simulation results are provided to compare the performance of the two fully-coherent codebook design approaches. The non-coherent codebook and TPMI design are also discussed in this section.

[bookmark: _GoBack]Fully-coherent codebook
The main difference between Alt1b and Alt2a is the methodology of fully-coherent codebook design. Here we analyse the two approaches for fully-coherent codebook design.
(a) Fully-coherent codebook based on Rel-15 DL Type I codebook.
Codebook design:
In Rel-15 UL 4Tx codebook, the fully-coherent codewords are selected as the subset of the Rel-15 DL Type I 4Tx codebook with reduced oversampling factor. The configuration parameters and number of Rel-15 UL 4Tx fully-coherent codewords are summarized in Table 1.
[bookmark: _Ref111021605]Table 1 Configuration parameters and number of Rel-15 UL 4Tx fully-coherent codewords.
	Number 
of ranks
	Configuration parameters
	Number 
of codewords

	1
	CodebookMode=1, L=1, N1=2, N2=1, O1=2, O2=1
	16

	2
	CodebookMode=1, L=1, N1=2, N2=1, O1=2, O2=1, i1,3=0
	8

	3
	CodebookMode=1-2, L=1, N1=2, N2=1, O1=2, O2=1, i1,1={0,2}, i1,3=0
	4

	4
	CodebookMode=1-2, L=1, N1=2, N2=1, O1=2, O2=1, i1,1=0, i1,3=0
	2



For Rel-18 UL 8Tx fully-coherent codewords, the Rel-15 DL Type I 8Tx codebook can be studied as the starting point. When the number of antenna ports is increased to 8, two antenna layouts are considered, i.e., (N1,N2)=(4,1) and (N1,N2)=(2,2) as illustrated in Fig 1.


[bookmark: _Ref115164089]Fig 1 Antenna layout for 8Tx fully-coherent UE.
Given that with the increase of Tx antennas, the cardinality of Rel-15 DL Type I 8Tx codebook becomes very large. Considering the UE implementation complexity and the signalling of TPMI overhead, the Rel-15 DL Type I 8Tx codebook with reduced oversampling factor can be studied for Rel-18 UL 8Tx fully-coherent codewords. For Rel-15 DL Type I 8Tx codebook, Table 2 lists the number of codewords of different oversampling factors.
[bookmark: _Ref111143206]Table 2 Number of codewords of different oversampling factors.
	Configuration parameters
	Number of codewords

	(N1,N2,O1,O2)
	1
	2
	3
	4
	5
	6
	7
	8
	Total

	(4,1,4,1)
	64
	128
	96
	96
	32
	32
	16
	16
	480

	(4,1,2,1)
	32
	64
	48
	48
	16
	16
	8
	8
	240

	(4,1,1,1)
	16
	32
	24
	24
	8
	8
	4
	4
	120

	(2,2,4,4)
	256
	512
	384
	384
	128
	128
	128
	128
	2048

	(2,2,2,2)
	64
	128
	96
	96
	32
	32
	32
	32
	512

	(2,2,1,1)
	16
	32
	24
	24
	8
	8
	8
	8
	128



Subset selection:
To further reduce the signalling overhead, the subset of Rel-15 DL Type I 8Tx codebook with reduced oversampling factor can be selected based on CSI estimation, SVD algorithm, and etc. For example, in each slot, the global search of codebook is operated to compute the channel capacity of each codeword, and the codeword with the highest channel capacity is selected as the optimal codeword. The selected codewords are counted in a period of time resource, and the probability distribution of each codeword selected as the optimal codeword can thus be summarized. Then the subset can be selected based on the probability distribution. Similar with Rel-15 UL 4Tx codebook, a group of high-probability codewords with the same beam (i1) and co-phasing (i2) can be selected.
Fig 2 and Fig 3 illustrate the LLS results of the probability distribution, and the corresponding EVM is shown in the appendix. Fig 2 (a)-(f) shows the codeword probability distribution of different number of ranks under different channel parameters (as shown in the title of each sub-figure). The horizontal axis denotes the index of codewords while the vertical axis denotes the probability of a codeword selected as the optimal one.
(i) (N1,N2,O1,O2)=(4,1,2,1) configuration
[image: ]     [image: ]
(a)                                            (b)
[image: ]     [image: ]
(c)                                            (d)
[image: ]     [image: ]
(e)                                            (f)
[bookmark: _Ref115165175]Fig 2 LLS results of probability distribution for (N1,N2,O1,O2)=(4,1,2,1).
Based on Fig 2 we can determine the subset of the Rel-15 DL Type I 8Tx codebook with reduced oversampling factor for (N1,N2,O1,O2)=(4,1,2,1). For example, the potential selected number of codewords as well as the corresponding parameters are concluded in Table 3. It should be noted that the cardinality of the selected subset is subject to the signalling overhead. The codebook and TPMI should be jointly designed based on the performance and signalling overhead.
[bookmark: _Ref111023404]Table 3 An example of fully-coherent codebook for (N1,N2,O1,O2)=(4,1,2,1).
	(N1,N2,O1,O2)=(4,1,2,1)

	Layers
	Size
	Selected number
	{i1,1, i1,2, i1,3, i2} index
	Codeword index (starts from 1)

	1
	32
	12
	{i1,1=0,1,7, i1,2=0, i2=0,1,2,3}
	1-8 29-32

	2
	64
	12
	{i1,1=0,1, i1,2=0, i1,3=0,3, i2=0,1}
{i1,1=7, i1,2=0, i1,3=0,1, i2=0,1}
	1-2 7-8 9-10 15-16 57-60

	3
	48
	8
	{i1,1=0, i1,2=0, i1,3=0,2, i2=0,1}
{i1,1=1, i1,2=0, i1,3=2, i2=0,1}
{i1,1=7, i1,2=0, i1,3=0, i2=0,1}
	1-2 5-6 11-12 43-44

	4
	48
	8
	{i1,1=0, i1,2=0, i1,3=0,2, i2=0,1}
{i1,1=1, i1,2=0, i1,3=2, i2=0,1}
{i1,1=7, i1,2=0, i1,3=0, i2=0,1}
	1-2 5-6 11-12 43-44

	5
	16
	4
	{i1,1=0, i1,2=0, i2=0,1}
{i1,1=6,7, i1,2=0, i2=0}
	1-2 13 15

	6
	16
	4
	{i1,1=0, i1,2=0, i2=0,1}
{i1,1=6,7, i1,2=0, i2=0}
	1-2 13 15

	7
	8
	2
	{i1,1=0,2, i1,2=0, i2=0}
	1 5

	8
	8
	2
	{i1,1=0,2, i1,2=0, i2=0}
	1 5



(2) (N1,N2,O1,O2)=(2,2,2,2) configuration
[image: ]     [image: ]
(a)                                            (b)
[image: ]     [image: ]
(c)                                            (d)
[image: ]     [image: ]
(e)                                            (f)
[bookmark: _Ref111023463]Fig 3 LLS results of probability distribution for (N1,N2,O1,O2)=(2,2,2,2).
Based on Fig 3 we can determine the subset of the Rel-15 DL Type I 8Tx codebook with reduced oversampling factor for (N1,N2,O1,O2)=(2,2,2,2). For example, the potential selected number of codewords as well as the corresponding parameters are concluded in Table 4.
[bookmark: _Ref111023453]Table 4 An example of fully-coherent codebook for (N1,N2,O1,O2)=(2,2,2,2).
	(N1,N2,O1,O2)=(2,2,2,2)

	Layers
	Size
	Selected number
	{i1,1, i1,2, i1,3, i2} index
	Codeword index (starts from 1)

	1
	64
	16
	{i1,1=0,1,3, i1,2=0, i2=0,1,2,3}
{i1,1=3, i1,2=3, i2=0,1,2,3}
	1-4 17-20 49-52 61-64

	2
	128
	12
	{i1,1=0,3, i1,2=0, i1,3=0, i2=0,1}
{i1,1=1,2, i1,2=0, i1,3=1, i2=0,1}
{i1,1=3, i1,2=3, i1,3=0,3 i2=0,1}
	1-2 35-36 67-68 97-98 121-122 127-128

	3
	96
	8
	{i1,1=0,1,2,3, i1,2=0, i1,3=0, i2=0,1}
	1-2 25-26 49-50 73-74

	4
	96
	8
	{i1,1=0,1,2,3, i1,2=0, i1,3=0, i2=0,1}
	1-2 25-26 49-50 73-74

	5
	32
	4
	{i1,1=0,1,2,3, i1,2=0, i2=0}
	1 9 17 25

	6
	32
	4
	{i1,1=0,1,2,3, i1,2=0, i2=0}
	1 9 17 25

	7
	32
	2
	{i1,1=0, i1,2=0, i2=0}
{i1,1=2, i1,2=2, i2=0}
	1 21

	8
	32
	2
	{i1,1=0, i1,2=0, i2=0}
{i1,1=2, i1,2=2, i2=0}
	1 21



Simulation results:
The performance evaluation for Rel-15 DL Type I 8Tx codebook with different configuration parameters is illustrated in Fig 4 (Rank=1) and Fig 5 (Rank=2), and the corresponding EVM is shown in the appendix. Fig 4 and Fig 5 also shows the simulation result of Rel-15 UL 4Tx codebook based approach which is analysed in the next sub-section.
[image: ]
[bookmark: _Ref115114493]Fig 4 Performance of Rank=1.
[image: ]
[bookmark: _Ref115114494]Fig 5 Performance of Rank=2.
From these figures we can obtain the following observation. For the (N1,N2)=(4,1) antenna layout, the (O1,O2)=(2,1) oversampling factor shows acceptable performance degradation compared with (O1,O2)=(4,1) oversampling factor, however, there is severe performance loss between (O1,O2)=(1,1) oversampling factor and (O1,O2)=(4,1) oversampling factor for both rank=1 and rank=2. The subset of (O1,O2)=(2,1) oversampling factor shows negligible performance loss compared with (O1,O2)=(2,1) oversampling factor. For the (N1,N2)=(2,2) antenna layout, the codebooks with different oversampling factors have almost the same performance. What’s more, the (N1,N2)=(2,2) antenna layout achieves performance gains over the (N1,N2)=(4,1) antenna layout.
Observation 1: For the antenna layout (N1,N2)=(4,1), the (O1,O2)=(2,1) oversampling factor exhibits acceptable performance loss compared with (O1,O2)=(4,1) oversampling factor, and outperforms the (O1,O2)=(1,1) oversampling factor. What’s more, the subset of (O1,O2)=(2,1) oversampling factor shows negligible performance loss compared with (O1,O2)=(2,1) oversampling factor.
Observation 2: For the antenna layout (N1,N2)=(2,2), the codebooks with different oversampling factors have almost the same performance. And the (N1,N2)=(2,2) antenna layout outperforms (N1,N2)=(4,1) antenna layout.
Proposal 4: To make a trade-off between performance and signalling overhead, the subset of the Rel-15 DL Type I 8Tx codebook with reduced oversampling factors (N1,N2,O1,O2)=(4,1,2,1) and (2,2,2,2) can be used for Rel-18 UL 8Tx fully-coherent codebook.
Proposal 5: The subset selection can be based on CSI estimation, SVD algorithm, and etc. A group of high-probability codewords with the same beam (i1) and co-phasing (i2) can be selected.
(b) Fully-coherent codebook based on Rel-15 UL 4Tx/2Tx codebook.





Another Rel-18 UL 8Tx codebook design principle is based on Rel-15 UL 4Tx/2Tx codebook. For fully-coherent codebook, two and four Rel-15 UL 4Tx fully-coherent codewords  can be concatenated for  and, respectively, where  denotes the number of ranks. For , the Rel-18 UL 8Tx fully-coherent codewords can be concatenated as

	 	





where  is selected from Table 6.3.1.5-3/5/6/7 in TS 38.211, and  denotes the co-phasing factor (i.e.,  and ). For , the Rel-18 UL 8Tx fully-coherent codewords can be concatenated based on the following four methods.
(1) Method 1

	 	






where  is the arbitrary  layers of , e.g., the first  layers, and  and  represent the floor function and ceiling function, respectively.
(2) Method 2

	 	
(3) Method 3

	 	
(4) Method 4

	 	




and the  can be designed as the arbitrary  layers of , e.g., the first  layers.
Proposal 6: Concatenating two or four Rel-15 UL 4Tx fully-coherent codewords with a co-phasing factor  (e.g., +1, -1,+j, -j) can be adopted for Rel-18 UL 8Tx fully-coherent codebook. For different number of ranks L, when , the codewords is designed as . When , the codewords can be designed as, e.g., , , , or arbitrary L layers of .

When the number of ranks is, the codeword number of different schemes is shown in Table 5.

[bookmark: _Ref115115538]Table 5 Codeword number of different schemes for.
	Rank number
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 4

	5
	4*4*C2 3*4=192
	4*8*4=128
	2*16*4=128
	2*2*C5 8*4=896

	6
	4*4*4=64
	4*4*4=64
	2*8*4=64
	2*2*C6 8*4=448

	7
	2*2*C3 4*4=64
	2*4*4=32
	2*4*4=32
	2*2*C7 8*4=128

	8
	2*2*4=16
	2*2*4=16
	2*2*4=16
	2*2*C8 8*4=16

	Total number of codewords
	336
	240
	240
	1488






In simulation, the scheme 3, i.e.,  is selected as the Rel-15 UL 4Tx based codebook. On one hand, scheme 3 has the lowest signalling overhead. On the other hand, the codewords with  can be designed based on codewords with . From Fig 4 and Fig 5 we can obtain that the Rel-15 DL Type I based codebook has significant performance gains over the Rel-15 UL 4Tx based codebook. In addition, the Rel-15 UL 4Tx full-coherent codewords are selected from Rel-15 DL Type I 4Tx codewords with reduced oversampling factors. The co-phasing is already included in Rel-15 DL Type I codebook to denote the physical features of antennas with different polarizations. For UL 8Tx full-coherent codewords, when using Rel-15 UL 4Tx based codebook, the physical features of the additionally introduced co-phasing (to guarantee orthogonality between layers) should be clarified clearly. As a result, we support Alt1b for Rel-18 UL 8Tx codebook, i.e., 
· 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.
Observation 3: Rel-15 DL Type I based codebook has significant performance gains over the Rel-15 UL 4Tx based codebook.
Observation 4: For Rel-15 UL 4Tx/2Tx based codebook, the physical features of the additionally introduced co-phasing (to guarantee orthogonality between layers) should be clarified clearly.
Proposal 7: Support Alt1b for Rel-18 UL 8Tx codebook.
· 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.
What’s more, to further reduce the computational complexity of the hardware implementation, when the configuration parameter is (N1,N2,O1,O2)=(4,1,2,1), the codewords with QPSK constellation entries can be selected with high priority. When the configuration parameter is (N1,N2,O1,O2)=(2,2,2,2), all the codewords consist of QPSK constellation entries. In this case, the complicated complex-number multiplication operations of precoding matrix can be reduced to complex-number addition operations.
Proposal 8: The codewords with QPSK constellation entries can be selected from Rel-15 DL Type I (N1,N2,O1,O2)=(4,1,2,1) codebook with high priority to reduce the computational complexity of the hardware implementation by replacing the complex-number multiplication operations with the addition operations.

Partially-coherent codebook
For partially-coherent codebook, the first issue that should be discussed is the number of antenna port groups and the antenna port partition scheme. Consider the following two typical antenna configurations as illustrated in Fig 6.
· Two antenna port groups: e.g., port group {0,1,4,5} and {2,3,6,7}.
· Four antenna port groups: e.g., port group {0,4}, {1,5}, {2,6}, and {3,7}.
Different from fully-coherent codebook, Rel-15 UL 2Tx/4Tx codebook has been agreed to construct the Rel-18 UL 8Tx partially-coherent codebook.


[bookmark: _Ref111036393]Fig 6 Examples of antenna layout for 8Tx partially-coherent UE.
Proposal 9: The antenna ports can be divided into two or four antenna port groups for 8Tx partially-coherent UE. For two antenna port groups, the antenna ports can be divided into {0,1,4,5} and {2,3,6,7}. For four antenna port groups, the antenna ports can be divided into {0,4}, {1,5}, {2,6}, and {3,7}.
For two antenna port groups, based on two same/different Rel-15 UL 4Tx fully-coherent codewords, the UL 8Tx partially-coherent codewords can be concatenated as

	 	




where  denotes the arbitrary  layers of , e.g., the first  layers.
For four antenna port groups, based on four same/different Rel-15 UL 2Tx fully-coherent codewords, the UL 8Tx partially-coherent codewords can be concatenated as

	 	
When different antenna port partition schemes are used, each row of Rel-15 UL 4Tx/2Tx codewords should be set as the corresponding antenna ports.
Proposal 10: For partially-coherent codewords, four or two same/different Rel-15 UL 4Tx fully-coherent codewords are concatenated for two or four antenna port groups, respectively, i.e.,  or  for two antenna port groups, and  for four antenna port groups.
Proposal 11: Each row of Rel-15 UL 4Tx/2Tx codewords should be set as the corresponding antenna ports when different antenna port partition schemes are used.

Non-coherent codebook



The 8x1 antenna selection vectors/matrixes can be used to design Rel-18 UL 8Tx non-coherent codebook. When the number of ranks is L, all  antenna selection vectors/matrixes can be considered. However, when the number of ranks is larger than , the subset can be used to reduce the signalling overhead. The value of  can be left for further study, e.g., L=2.
Proposal 12: Antenna selection vectors/matrixes can be used for the Rel-18 UL 8Tx non-coherent codebook. Considering the signalling overhead, all antenna selection vectors/matrixes can be used for rank≤X while the subset can be selected for rank>X. The value of X can be left for further study, e.g., L=2.

TPMI design
The TPMI design is depended on the size of the codebook. In Rel-15 UL 4Tx codebook, the number of codewords is 62 and the TPMI is 6 bits. In Rel-18 UL 8Tx codebook, when the precoding matrix is indicated jointly by TPMI and RI, considering the signalling overhead, the bit width of TPMI can be set at most 2 bits more than that of the Rel-15 UL 4Tx codebook, i.e., 6, 7, or 8 bits. Table 6 shows a feasible TPMI design example with 8 bits TPMI. Furthermore, if the size of Rel-18 UL 8Tx codebook is much larger than 4Tx counterpart, the design of mapping table is intractable. In this case, the precoding matrix can also be indicated separately by TPMI and RI.
[bookmark: _Ref111043201]Table 6 Number of codewords and TPMI design.
	Number of ranks
	1
	2
	3
	4
	5
	6
	7
	8

	Fully-coherent codewords
	32
	32
	16
	16
	8
	8
	4
	4

	Partially-coherent codewords
	32
	32
	16
	16
	8
	8
	4
	4

	Non-coherent codewords
	8
	2
	1
	1
	1
	1
	1
	1

	Total number of codewords for each rank
	72
	66
	33
	33
	17
	17
	9
	9

	Total number of codewords
	256
	TPMI
	8 bits



Proposal 13: Considering the signaling overhead, the bit width of TPMI for Rel-18 UL 8Tx codebook can be set as 6, 7, or at most 8 bits.
Proposal 14: The precoding matrix can be indicated jointly or separately by TPMI and RI.

Conclusion
In this discussion, we provide our views on the SRI/TPMI enhancements on the 8Tx uplink transmission, our proposals are as follows:
Proposal 1: Dual codewords can be supported for up to 8 layers of uplink transmission.
Proposal 2: For SRS configuration for NCB, support Alt.3.
Proposal 3: For non-codebook based PUSCH transmission with 8Tx, SRI indicated in bitmap for both approaches of SRS configurations can be unified, and is preferred for the simplicity without any effort on the design of new SRI tables.

Observation 1: For the antenna layout (N1,N2)=(4,1), the (O1,O2)=(2,1) oversampling factor exhibits acceptable performance loss compared with (O1,O2)=(4,1) oversampling factor, and outperforms the (O1,O2)=(1,1) oversampling factor. What’s more, the subset of (O1,O2)=(2,1) oversampling factor shows negligible performance loss compared with (O1,O2)=(2,1) oversampling factor.
Observation 2: For the antenna layout (N1, N2)=(2,2), the codebooks with different oversampling factors have almost the same performance. And the (N1,N2)=(2,2) antenna layout outperforms (N1,N2)=(4,1) antenna layout.
Observation 3: Rel-15 DL Type I based codebook has significant performance gains over the Rel-15 UL 4Tx based codebook.
Observation 4: For Rel-15 UL 4Tx/2Tx based codebook, the physical features of the additionally introduced co-phasing (to guarantee orthogonality between layers) should be clarified clearly.

Proposal 4: To make a trade-off between performance and signalling overhead, the subset of the Rel-15 DL Type I 8Tx codebook with reduced oversampling factors (N1,N2,O1,O2)=(4,1,2,1) and (2,2,2,2) can be used for Rel-18 UL 8Tx fully-coherent codebook.
Proposal 5: The subset selection can be based on CSI estimation, SVD algorithm, and etc. A group of high-probability codewords with the same beam (i1) and co-phasing (i2) can be selected.
Proposal 6: Concatenating two or four Rel-15 UL 4Tx fully-coherent codewords with a co-phasing factor  (e.g., +1, -1, +j, -j) can be adopted for Rel-18 UL 8Tx fully-coherent codebook. For different number of ranks L, for, the codewords is designed as . For, the codewords can be designed as, e.g., , , , or arbitrary L layers of .
Proposal 7: Support Alt1b for Rel-18 UL 8Tx codebook.
· 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.
Proposal 8: The codewords with QPSK constellation entries can be selected from Rel-15 DL Type I (N1,N2,O1,O2)=(4,1,2,1) codebook with high priority to reduce the computational complexity of the hardware implementation by replacing the complex-number multiplication operations with the addition operations.

Proposal 9: The antenna ports can be divided into two or four antenna port groups for 8Tx partially-coherent UE. For two antenna port groups, the antenna ports can be divided into {0,1,4,5} and {2,3,6,7}. For four antenna port groups, the antenna ports can be divided into {0,4}, {1,5}, {2,6}, and {3,7}.
Proposal 10: For partially-coherent codewords, four or two same/different Rel-15 UL 4Tx fully-coherent codewords are concatenated for two or four antenna port groups, respectively, i.e.,  or  for two antenna port groups, and  for four antenna port groups.
Proposal 11: Each row of Rel-15 UL 4Tx/2Tx codewords should be set as the corresponding antenna ports when different antenna port partition schemes are used.
Proposal 12: Antenna selection vectors/matrixes can be used for the Rel-18 UL 8Tx non-coherent codebook. Considering the signalling overhead, all antenna selection vectors/matrixes can be used for rank≤X while the subset can be selected for rank>X. The value of X can be left for further study, e.g., L=2.
Proposal 13: Considering the signaling overhead, the bit width of TPMI for Rel-18 UL 8Tx codebook can be set as 6, 7, or at most 8 bits.
Proposal 14: The precoding matrix can be indicated jointly or separately by TPMI and RI.
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Appendix
[bookmark: _Ref115113488]Table 7 EVM for codebook probability distribution.
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 KHz

	System bandwidth
	20 MHz

	Scheduled PRBs
	50 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
	(2,2,2,1,1,2,2) with (dH, dV) = (0.5, 0.5)λ

	UE TX antenna configuration (N1,N2,Ng,O1,O2)
	(4,1,1,2,1) and (2,2,1,2,2) with 0.5λ

	UE speed
	3 km/h, 30 km/h

	Number of Layers
	Fixed, 1-8 layers

	Modulation
	QPSK

	CodeRate
	1/2

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-A (30ns), CDL-B (100ns), CDL-C (300ns)

	Receiver
	MMSE



Table 8 EVM for performance evalution.
	Parameter
	Value

	Carrier Frequency
	3.5 GHz

	Waveform
	CP-OFDM

	SCS
	30 KHz

	System bandwidth
	20 MHz

	Scheduled PRBs
	50 PRBs

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝)
	(2,2,2,1,1,2,2) with (dH, dV) = (0.5, 0.5)λ

	UE TX antenna configuration (N1,N2,Ng,O1,O2)
	(4,1,1,2,1) and (2,2,1,2,2) with 0.5λ

	UE speed
	3 km/h

	Number of Layers
	Fixed, 1 and 2 layers

	Modulation
	QPSK

	CodeRate
	1/2

	DMRS configuration
	Type 1; 1 front loaded + 1 additional symbol

	Channel estimation
	Real

	Channel Model
	CDL-C (300ns)

	Receiver
	MMSE
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