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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. One from the seven objectives is to study 8 TX UL operation. In this contribution, we discuss the performance evaluations and detailed designs for 8TX UL transmission. 
 
2. 2 CWs for rank > 4 UL transmission
In previous RAN1 meeting, 1 CW and 2 CWs were discussed and following working assumption was made.
Working Assumption
For uplink transmission with rank>4, support dual CW transmission.


We conduct SLS to evaluate the performance differences.  Our SLS follows the agreed evaluation parameters shown in appendix, and outdoor FWA scenario is selected for evaluation. 
In the simulations, 4 cases are evaluated, including 4Tx-rank4, 8Tx-rank4, 8Tx-rank8-2CW and 8Tx-rank8-1CW, where ‘m’Tx-rank‘n’ means ‘m’ Tx antenna is used with max rank limitation of ‘n’. For each case, different assumptions of codebook and resource utilization are used.
Fig. 2-1 (a), (b), (c) show the performance of non-codebook based PUSCH transmission for 95%-ile, average, and 5%-ile packet throughput, respectively. It is obvious that 2 CWs transmission provides significant performance gain over 1 CW transmission in terms of 95%-ile and average packet throughput in low, medium, and high RU cases. For example, for RU=50%, the performance gain of 2 CWs transmission over 1 CW transmission is 24.4% for 95%-ile, 19.3% for average, and 13.2% for 5%-ile packet throughput, respectively.
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(a) 95%-ile packet performance
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(b) Average packet performance
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(c) 5%-ile packet performance
Fig. 2-1: Throughput performance of 8TX UL non-codebook based transmission (1 CW vs. 2 CWs)

Fig. 2-2 (a), (b), (c) show the performance of codebook based PUSCH transmission for 95%-ile, average, and 5%-ile packet throughput, respectively. Compared with non-codebook based PUSCH transmission, the performance gap between 2 CWs and 1 CW transmission with codebook-based PUSCH transmission becomes much smaller. But still 2 CWs transmission has higher throughput performance than 1 CW transmission. Hence, 2 CWs transmission for more than 4-layer PUSCH should be supported. Thus, we propose to confirm the working assumption.
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(a) 95%-ile packet performance
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(b) Average packet performance
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(c) 5%-ile packet performance
Fig. 2-2: Throughput performance of 8TX UL codebook based transmission (1 CW vs. 2 CWs)

Observation 1
· 2 CWs PUSCH transmission improves the throughput performance of 8Tx-rank8 compared with 1 CW PUSCH. 
· [bookmark: _Hlk115378854]For non-codebook based UL transmission, 2 CWs transmission provides performance gain of about 22%~27% for 95%-ile, 18%~21% for average, and 1%~17% for 5%-ile packet throughput, compared with 1 CW transmission.

Proposal 1
· Confirm the working assumption to support dual CW for uplink transmission with rank>4.

In last RAN1 meeting, following agreement was made on UCI multiplexing.
Agreement
To support UCI multiplexing on PUSCH for transmission with rank>4 by an 8TX UE, UCI is always multiplexed only on one of the CWs, down-select from,
· Alt1: First CW
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)



The two alternatives have similar UE complexity on UCI multiplexing. And Alt2 may be better from performance perspective. Thus, Alt2 is preferred.

Proposal 2
· For UCI multiplexing, Alt2 is preferred.
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)

In last RAN1 meeting, a proposal on enabling/disabling second CW was discussed.Proposal 4.5: To support dual CW PUSCH operation by an 8TX UE, the DL principle is reused for disabling transmission of a transport block, where 
· The combination of IMCS = [26] and rvid = 1 indicated for a CW is used as an indication to disable transmission of its corresponding TB,
· The remaining transport block is mapped to the first CW.



First, we’d like to clarify that, when rank larger than 4 is intended for a PUSCH, as for NR PDSCH, two codewords should be transmitted. There is no need to support a PUSCH transmission encoding single CW only with rank>4 as it will cause additional specification impact that hasn’t been supported even in DL, without clear benefit. 
Second, for implicit indication of disabling a TB transmission, it is beneficial for retransmission of one of the two TBs. On the other hand, since this proposal can be also understood as dynamic indication of either rank>4 or rank<=4, it could have impact on RI indication design in DCI. For example, for codebook-based UL transmission, the rank is indicated by TRI/TPMI indication. If above proposal is supported, since the range of the number of actual layers is implicitly indicated (i.e., rank>4 or rank<=4), the DCI indication design on TRI/TPMI could only consider either the case of rank 1~4 or rank 4~8, which could reduce the DCI indication overhead.

Proposal 3
· Support 2-CW PUSCH transmission only, in case of rank>4. 
· If DL principle is reused for disabling UL transmission of a transport block, its impact to RI indication design should be considered.

3. Codebook design
In previous RAN1 meeting, following agreement was made for port indexing.
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



The codebook structure was also discussed. The final determined precoders are of course related to the port indexing. But either alternative can work actually, and the port indexing will not impact the essence of the codebook design. Thus, to simply the discussion, we suggest separating the discussions on port indexing and codebook structure. After codebook structure is determined, based on the port indexing, the precoders can be re-permuted. 

Proposal 4
· Separate the discussions on port indexing and codebook structure.
· The precoders from the determined codebook structure can be re-permuted based on the port indexing.

Below we discuss the codebook structure for 8Tx UL, per coherent type expected in UE implementation. 

Non-coherent precoders
In last RAN1 meeting, for non-coherent codebook, the precoders for rank=1 have been agreed, and all the port selection precoders for rank=1 are supported. For other rank=i,  port selection precoders can be considered for each rank. If all the port selected precoders are supported, the number of precoders is 255 for all ranks in total, as shown in Table 1. Whether full flexibility is needed or not and whether DCI indication overhead is an issue could be further discussed. In our understanding, if nested codebook is not supported and new codebooksubset configuration is introduced for each coherent type of codebook separately, it is acceptable to use 8-bit to indicate rank and TPMI for non-coherent precoders. Afterall, for non-CB-based UL TX, we have agreed to use 8-bit to indicate SRI. On the other hand, if nested codebook is supported and legacy codebooksubset configuration is reused,  DCI indication overhead should be considered and full flexibility is not needed. In this case, from all the port selection precoders for each rank, a subset of precoders can be selected and supported.

Table 1 The number of non-coherent precoders for 8TX
	
	Rank=1
	Rank=2
	Rank=3
	Rank=4
	Rank=5
	Rank=6
	Rank=7
	Rank=8

	Number
	8
	28
	56
	70
	56
	28
	8
	1



Proposal 5
· For non-coherent precoders for a rank i other than 1, support one of following options based on supported codebooksubset configuration method. Option 1 is preferred.
· Option 1: all the port selection precoders are supported (if nested codebook is not supported and new codebooksubset configuration is introduced).
· Option 2: a subset of precoders can be selected and supported from all the port selection precoders (if nested codebook is supported and legacy codebooksubset configuration is reused). 

Partially-coherent precoders with Ng=2
In last RAN1 meeting, following agreements have been made for Ng=2 case.Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=2
· Precoding design is based on Rel-15 UL 4TX codebook,
· Full-coherent precoders are used
· FFS whether partial-coherent precoders are needed
Agreement
For partially coherent uplink precoding by an 8TX UE codebook, Ng=2, 
· Following rank and layer splitting cases are supported
Rank
All layers in one Antenna Group
Layers split across 2 Antenna Groups
1
(1,0), (0,1)
· 
8
· 
(4,4)

· Select from the following cases based on the performance and overall DCI overhead
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
· 
(2,1), (1,2)
4
(4,0), (0,4)
· 
4
· 
(2,2), (3,1), (1,3)
5
· 
(4,1), (1,4), (2,3), (3,2)
6
· 
(4,2), (2,4), (3,3)
7
· 
(4,3), (3,4)
Note: Above is not relevant to how precoders are indicated.





In above agreements, assuming only full-coherent precoders from Rel-15 UL 4TX codebook are used, if all layers are transmitted in one antenna group (e.g., for rank=1~4), the codebook structure is as follows.
, where 1<=rank(P)<=4.
If layers are split across two antenna groups (e.g., for rank=2~8), the codebook structure is as follows.
, where rank(P)=rank() + rank(), rank(P) >=2.

We analyzed the number of precoders for 8TX based on above codebook structure first. Table 2 shows the number of full-coherent precoders and partial-coherent precoders from Rel-15 UL 4TX codebook. For each case of layer and antenna group split for 8TX codebook, the number of 8TX precoders based on full-coherent precoders from Rel-15 UL 4TX codebook is calculated and summarized in Table 3.

Table 2 The number of full-coherent precoders from Rel-15 UL 4TX codebook
	
	Rank=1
	Rank=2
	Rank=3
	Rank=4

	Full-coherent
	16
	8
	4
	2

	Partial-coherent
	8
	8
	2
	2



Table 3 The number of 8TX precoders based on full-coherent precoders from Rel-15 UL 4TX codebook
	
	layer split
	Number of precoders
	DCM view

	Rank=1
	(1,0)
	16
	Support

	
	(0,1)
	16
	Support

	Rank=2
	(2,0)
	8
	Support

	
	(0,2)
	8
	Support

	
	(1,1)
	256
	Support. Precoder selection is needed.

	Rank=3
	(3,0)
	4
	Support

	
	(0,3)
	4
	Support

	
	(2,1)
	128
	Support. Precoder selection is needed.

	
	(1,2)
	128
	Support. Precoder selection is needed.

	Rank=4
	(4,0)
	2
	Support

	
	(0,4)
	2
	Support

	
	(3,1)
	64
	Not support

	
	(1,3)
	64
	Not support

	
	(2,2)
	64
	Support. Precoder selection can be considered.

	Rank=5
	(4,1)
	32
	Not support

	
	(1,4)
	32
	Not support

	
	(3,2)
	32
	Support. Precoder selection can be considered.

	
	(2,3)
	32
	Support. Precoder selection can be considered.

	Rank=6
	(4,2)
	16
	Not support

	
	(2,4)
	16
	Not support

	
	(3,3)
	16
	Support

	Rank=7
	(4,3)
	8
	Support

	
	(3,4)
	8
	Support

	Rank=8
	(4,4)
	4
	Support



[bookmark: _Hlk130375485]For the two cases of ‘all layers in one antenna group’ and ‘layers split across 2 antenna groups’ for a certain rank, we think both cases should be considered and supported because they are suitable for different channel conditions. For example, for a UE, if the channel condition of one antenna group is much better than the other, it is better to transmit from the antenna group with better channel condition instead of using two antenna groups. On the other hand, if the channel condition of two antenna groups is similar, it is better to transmit from the two antenna groups. 

Observation 2
· The two cases of ‘all layers in one antenna group’ and ‘layers split across 2 antenna groups’ for a certain rank are applicable for different channel conditions.

For the case of ‘layers split across 2 antenna groups’ for a certain rank, different layer split cases exist. For example, for rank=4, 2+2 and 3+1 are possible. Based on the analysis above, it is better to use two antenna groups when the channel condition of two antenna groups is similar. Thus, the almost equal layer split is better for such channel condition. The performance gap between 2+2 and 3+1 may be not so significant so that we do not need to support all the layer split cases.

Observation 3
· For the case of ‘layers split across 2 antenna groups’ for a certain rank, the almost equal layer split is better when channel condition of two antenna groups is similar.

Based on the two observations, we propose to support both cases of ‘all layers in one antenna group’ and ‘layers split across 2 antenna groups’, if the two cases exist for a certain rank (e.g., rank=2~4). While for the case of ‘layers split across 2 antenna groups’, only part of the layer split cases is supported. For example, for rank=4, 3+1 is not supported and only 2+2 is supported. For rank=5, 4+1 is not supported and only 3+2 is supported. For rank=6, 4+2 is not supported and only 3+3 is supported. As shown in Table 3, the layer split cases in grey need not to be supported. The supported layer split cases are summarized in Table 4.

Table 4 The supported layer split cases by DCM
	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
	· 
	(2,1), (1,2)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(4,3), (3,4)



[bookmark: _Hlk130222041]In Table 3, for certain cases, the number of precoders is large, e.g., for cases of (1,1), (1,2), (2,1). For those cases, such large number of precoders are not needed. Only part of precoders need to be selected and supported. For example, only part of 4TX precoders are selected to generate a new 8TX precoder. Or from all the generated 8TX precoders, only part of 8TX precoders are selected. Some simple rule can be used for precoder selection. For cases of (2,2), (3,2), and (2,3), further precoder selection can be also considered, to meet the overall DCI indication overhead for all ranks.

Proposal 6
· For partially-coherent precoders with Ng=2,
· For rank=2, 3, 4, both cases of ‘all layers in one antenna group’ and ‘layers split across 2 antenna groups’ are supported. 
· For rank=4, 5, 6, for the case of ‘layers split across 2 antenna groups’, the almost equal layer split cases are supported.
· For rank=4, the layer split cases of (4,0), (0,4) and (2,2) are supported.
· For rank=5, the layer split cases of (3,2) and (2,3) are supported.
· For rank=6, the layer split case of (3,3) is supported.
· To reduce the number of precoders for a certain layer split case for a certain rank,
· support precoder selection for layer split cases of (1,1), (1,2), (2,1).
· study precoder selection for layer split cases of (2,2), (3,2), and (2,3).
· (Above proposals are also shown in Table 3 and Table 4.)

Based on above analysis, the new 8TX precoders based on full-coherent precoders are sufficient, and there is no clear motivation or benefit to further consider partial-coherent precoders from Rel-15 4TX UL codebook. Thus, the codebook structure discussed above should be applied to generate new 8TX precoders.

Proposal 7
· For partially-coherent precoders with Ng=2, partial-coherent precoders from Rel-15 UL 4TX codebook are not used.
· For partially-coherent precoders with Ng=2, following codebook structure is supported,
· For rank<=4,  
· For rank>1, , where rank=rank() + rank()


Partially-coherent precoders with Ng=4
In last RAN1 meeting, following agreements have been made for Ng=4 case.
Agreement
For partially coherent uplink precoding by an 8TX UE codebook,
· When Ng=4, down-select from,
· Alt1:
· Precoding design is based on Rel-15 UL 2TX codebook,
· Full-coherent precoders are used
· Alt2:
· Precoding design is based on Rel-15 UL 4TX codebook,
· Partial-coherent precoders are used




From the two alternatives, we think Alt1 is simpler and aligned with 4 antenna groups well. In Alt1, based on Rel-15 UL 2TX codebook, up to four 2TX precoders can be selected and used for the four antenna groups. It is easy to map one 2TX precoder to one antenna group. In Alt2, if one 4TX precoder is selected, we should further discuss which two out of the four antenna groups are selected for the 4TX precoder. Similarly, if two 4TX precoders are selected, the mapping with four antenna groups should be further discussed. The codebook structure and discussion in Alt2 will be more complex than Alt1. Thus, Alt1 is preferred.

Proposal 8
· For partially-coherent precoders with Ng=4, support Alt1.
· Alt1: Precoding design is based on Rel-15 UL 2TX codebook. 
· Full-coherent precoders are used.

When Ng=4, for rank=1, one 2TX precoder A can be selected, as shown below. And A should be a fully-coherent precoder from Rel-15 2TX UL precoders.
or  or  or .
For rank=2, similar as Ng=2 case, one or two 2TX precoders can be selected. For two 2TX precoders, two antenna groups from the four antenna groups can be used. For one 2TX precoder, only one from the four antenna groups is used for transmission, like the codebook structure above for rank=1.
For 2<rank<=6, two or three or four 2TX precoders can be selected to use corresponding antenna groups for transmission. Considering the different options of selected number of 2TX precoders, and different options of used antenna groups for transmission, the number of new precoders could be large.
For 6<rank<=8, four 2TX precoders , , and can be selected to use four antenna groups. Hence, the codebook structure is as follows. Similarly as Ng=2 case, , , and  can be fully-coherent precoders from Rel-15 2TX UL precoders.

Above codebook structure can be a starting point. If all the combinations considering number of selected precoders and selected antenna groups are included, the number of final precoders will become very large. Table 5 summarizes the rank and layer splitting cases. Similar as Ng=2, whether all the cases are supported for a certain rank and whether further precoder selection is needed for a certain case of a rank should be discussed. Since different layer splitting cases are applicable for different channel conditions for the four antenna groups, we prefer to support all the layer splitting cases and the permutations. In Rel-15 UL 2TX codebook, the number of full-coherent precoders is 4 for rank=1 and 2 for rank=2. If all the precoders can be used for generating 8TX precoders, the number of 8TX precoders is much larger than Ng=2 cases. Thus, further precoder selection for each case is needed, e.g., only part of fully-coherent 2TX precoders are selected to generate a new 8TX precoder.

Table 5 Rank and layer splitting cases for partial-coherent codebook with Ng=4
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups
	Layers split across 3 Antenna Groups
	Layers split across 4 Antenna Groups

	1
	(1,0,0,0) and its permutations (4 permutations)
	-
	-
	-

	2
	(2,0,0,0) and its permutations (4 permutations)
	(1,1,0,0) and its permutations (6 permutations)
	-
	-

	3
	
	(2,1,0,0) and its permutations (12 permutations) 
	(1,1,1,0) and its permutations (4 permutations)
	

	4
	
	(2,2,0,0) and its permutations (6 permutations) 
	(2,1,1,0) and its permutations (12 permutations) 
	(1,1,1,1)

	5
	
	
	(2,2,1,0) and its permutations (12 permutations) 
	(2,1,1,1) and its permutations (4 permutations) 

	6
	
	
	(2,2,2,0) and its permutations (4 permutations) 
	(2,2,1,1) and its permutations (6 permutations) 

	7
	
	
	
	(2,2,2,1) and its permutations (4 permutations) 

	8
	
	
	
	(2,2,2,2)



Proposal 9
· For partially-coherent precoders with Ng=4, following codebook structure is the starting point.
· For rank=1, or  or  or 
· For rank=2, one or two 2TX precoders can be selected to use one or two antenna groups for transmission.
· For 2<rank<=6, two or three or four 2TX precoders can be selected to use corresponding antenna groups for transmission.
· For 6<rank<=8, 
· , , , and  are full-coherent precoders from Rel-15 2TX UL precoders.

Proposal 10
· For partially-coherent precoders with Ng=4, 
· Support all the layer splitting cases across 4 antenna groups for each rank.
· Support to study precoder selection for each layer split case for each rank.

Fully-coherent precoders
For fully-coherent precoders, two types of antenna layout (N1,N2)=(4,1) and (N1,N2)=(2,2) are supported. Following agreements have been made on oversampling values.
Agreement
Fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook
· Precoding matrices generated according to (O1, O2) = (1, 1) is supported
· Further study additional support of precoding matrices generated according to (O1, O2) where O1>1 or O2>1
· Subject to UE capability
· FFS: Different O1, O2 values for different ranks
Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook (CodebookMode=1), 
1. Study whether/how to support (O1, O2) = (2,1), (2,2)
4. whether for all rank, or rank 1-2, or rank 3-8
4. applicability of different (O1, O2) values per agreed (N1, N2)
4. companies are encouraged to submit simulation results



Our company contribution [2] has shown that the performance degradation brought by smaller oversampling factors is marginal. Thus, it is not preferred to support other larger oversampling values. Moreover, using different oversampling values for different ranks is an optimization without clear benefit and need not be considered currently.
Another function supported in NR Rel-15 DL is the codebook mode. Two codebook modes are specified for DL. It is sufficient to support one codebook mode only for UL, e.g., codebook mode 1. 

Proposal 11
· For fully-coherent precoders, not support additional oversampling values other than (O1, O2) = (1, 1). 
· For fully-coherent precoders, support one codebook mode only, e.g., codebook mode 1.

4. TPMI/RI indication in DCI
Before determining DCI design, one important issue we need to discuss first is how to configure a codebook subset for an 8TX UE. If legacy mechanism is reused, for a fully coherent UE, it can be configured with 'fullyAndPartialAndNonCoherent' codebook subset; for a partially coherent UE, it can be configured with 'partialAndNonCoherent' codebook subset. In that case, a unified TPMI/RI indication method for fully-/partially-/non-coherent precoders should be supported so that UE can have a consistent understanding of the DCI field. With such nested codebook, the DCI indication overhead could be very large. On the other hand, if a certain type of UE can be configured with a certain type of precoders only, e.g., a fully coherent UE can be configured with fully-coherent precoders only at a time, or a partially coherent UE can be configured with partially-coherent precoders only at a time, separate indication method may be considered for fully-coherent and partially-coherent precoders, and UE can have different interpretations of the DCI fields. Compared with nested codebook, the DCI indication overhead becomes smaller.
[bookmark: _Hlk125898971]If we follow legacy mechanism on codebook subset configuration, for fully-coherent or non-coherent precoders, since it is straightforward that a new TPMI index is needed for each new 8TX precoder in a new precoding matrix table, such method can be also used for partially-coherent precoders, even though for partially-coherent precoders, multiple TPMI indexes indications from existing UL 2TX/4TX codebook tables are also possible. Anyway, to ensure a unified TPMI/RI indication method for UEs with different coherent assumptions, a single TPMI index indication for each new 8TX precoder from new precoding matrix tables for different layers is a cleaner solution. For RI indication, similar as legacy, joint indication of layer and TPMI index can be the used, which has less DCI indication overhead compared with separate indication of layer and TPMI index. Table 6 shows an example of DCI indication for precoding information and number of layers, with legacy codebook subset configuration. On the other hand, if new codebook subset configuration mechanism is applied, the indications for non-coherent, partially-coherent, and fully-coherent precoders can be separate. Table 7 provides an example of separate indication tables assuming joint indication of rank and TPMI.
Based on above analysis, we prefer to introduce new codebook subset configuration method to reduce the DCI indication overhead, as well as the specification effort.

Table 6 An example of DCI indication for precoding information and number of layers with legacy codebook subset configuration
[image: ]

Table 7 An example of DCI indication for precoding information and number of layers with new codebook subset configuration
[image: ]
Observation 4
· If new codebooksubset configuration method is introduced, DCI indication overhead can be reduced, and separate DCI indication method for RI and TPMI indications can be considered for 'fullyCoherent', or 'partialCoherent' or ‘nonCoherent’ codebook subset.


Proposal 12
· Support to discuss codebooksubset configuration mechanism before TPMI/RI indication method. Option 2 is preferred.
· Option 1: codebooksubset configuration follows legacy mechanism, e.g., fully-coherent UEs can be configured with 'fullyAndPartialAndNonCoherent', 'partialAndNonCoherent' or ‘nonCoherent’ codebook subset; partial-coherent UE can be configured with 'partialAndNonCoherent' or ‘nonCoherent’ codebook subset.
· Option 2: new codebooksubset configuration, e.g., fully-coherent UEs can be configured with 'fullyCoherent', or 'partialCoherent' or ‘nonCoherent’ codebook subset; partial-coherent UE can be configured with 'partialCoherent' or ‘nonCoherent’ codebook subset.

Regarding the TPMI/RI indication method, following agreement was made in previous RAN1 meeting.Agreement
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
1. Separate indication of TRI and TPMI
1. Joint indication of TRI and TPMI



If new codebooksubset configuration method is supported, for different coherent configurations, as discussed above, separate DCI indication method can be considered.
For configurations of 'fullyCoherent', or ‘nonCoherent’, the new 8TX precoders can be defined in specification directly, thus, it is straightforward to apply joint indication of TRI and 8TX TPMI for from 1-layer transmission to 8-layer transmission, similar as legacy indication for ‘precoding information and number of layers’.
For configuration of 'partialCoherent', how to support Ng=2 and Ng=4 cases could be discussed separately. Generally speaking, there are two main design directions. First is to apply the same indication method as 'fullyCoherent' and ‘nonCoherent’, i.e., joint indication of TRI and 8TX TPMI for from 1-layer transmission to 8-layer transmission, similar as legacy indication for ‘precoding information and number of layers’. Second is to apply a different indication method from 'fullyCoherent', or ‘nonCoherent’, where multiple fields are used to indicate multiple antenna groups, respectively. In this case, additional indication on layer-split case or whether a field for an antenna group exists or not, may be needed. There could be multiple detailed designs on how to indicate multiple fields in DCI. In addition, as discussed in Proposal 3, if DL principle is reused for disabling UL transmission of a transport block, the dynamic indication between rank 1~4 and rank 5~8 has been supported and its impact on TRI/TPMI should be considered.

Proposal 13
· For codebooksubset configurations of 'fullyCoherent', or ‘nonCoherent’, support joint indication of TRI and 8TX TPMI for from 1-layer transmission to 8-layer transmission, similar as legacy indication for ‘precoding information and number of layers’.
· For codebooksubset configurations of 'partialCoherent' with Ng=2 or Ng=4, study following two options,
· Option 1: the same indication method as 'fullyCoherent' and ‘nonCoherent’, i.e., joint indication of TRI and 8TX TPMI for from 1-layer transmission to 8-layer transmission, similar as legacy indication for ‘precoding information and number of layers’
· Option 2: different indication method from 'fullyCoherent' or ‘nonCoherent’, e.g., multiple fields are used to indicate multiple antenna groups, with additional indication on layer-split case or whether a field for an antenna group exists or not.

5. SRS configuration
Following agreement was made in last RAN1 meeting.
Agreement
For NCB-based 8TX PUSCH transmission with , where  is the number of configured single-port SRS resources in a resource set,
· All SRS port combinations are supported
· For SRI indication, down-select from,
· Option 1: Use an  bit length bitmap 
· Option 2: Use a legacy-based solution
· Consideration of Lmax for SRI indication
For , Rel-15 SRI indication is reused



For non-codebook based UL transmission, up to 8 single-port SRS resources can be configured. For the two SRI indication methods, Option 1 is simpler from specification text perspective but different from legacy. Both options can achieve the same effectiveness. Thus, either Option is okay to us, and Option 1 is slightly preferred.

Proposal 14
· For NCB-based 8TX PUSCH transmission, for SRI indication, Option 1 is slightly preferred. 
· Option 1: Use an  bit length bitmap 

6.  Conclusion
In this contribution, we discussed the performance evaluations of 8TX UL transmission, and potential enhancements to support 8TX UL transmission. We have following observations and proposals.

Observation 1
· 2 CWs PUSCH transmission improves the throughput performance of 8Tx-rank8 compared with 1 CW PUSCH. 
· For non-codebook based UL transmission, 2 CWs transmission provides performance gain of about 22%~27% for 95%-ile, 18%~21% for average, and 1%~17% for 5%-ile packet throughput, compared with 1 CW transmission.

Observation 2
· The two cases of ‘all layers in one antenna group’ and ‘layers split across 2 antenna groups’ for a certain rank are applicable for different channel conditions.

Observation 3
· For the case of ‘layers split across 2 antenna groups’ for a certain rank, the almost equal layer split is better when channel condition of two antenna groups is similar.

Observation 4
· If new codebooksubset configuration method is introduced, DCI indication overhead can be reduced, and separate DCI indication method for RI and TPMI indications can be considered for 'fullyCoherent', or 'partialCoherent' or ‘nonCoherent’ codebook subset.


Proposal 1
· Confirm the working assumption to support dual CW for uplink transmission with rank>4.

Proposal 2
· For UCI multiplexing, Alt2 is preferred.
· Alt2: The CW with the highest MCS (if MCSs are the same, UCI is multiplex on the first CW)

Proposal 3
· Support 2-CW PUSCH transmission only, in case of rank>4. 
· If DL principle is reused for disabling UL transmission of a transport block, its impact to RI indication design should be considered.

Proposal 4
· Separate the discussions on port indexing and codebook structure.
· The precoders from the determined codebook structure can be re-permuted based on the port indexing.

Proposal 5
· For non-coherent precoders for a rank i other than 1, support one of following options based on supported codebooksubset configuration method. Option 1 is preferred.
· Option 1: all the port selection precoders are supported (if nested codebook is not supported and new codebooksubset configuration is introduced).
· Option 2: a subset of precoders can be selected and supported from all the port selection precoders (if nested codebook is supported and legacy codebooksubset configuration is reused). 

Proposal 6
· For partially-coherent precoders with Ng=2,
· For rank=2, 3, 4, both cases of ‘all layers in one antenna group’ and ‘layers split across 2 antenna groups’ are supported. 
· For rank=4, 5, 6, for the case of ‘layers split across 2 antenna groups’, the almost equal layer split cases are supported.
· For rank=4, the layer split cases of (4,0), (0,4) and (2,2) are supported.
· For rank=5, the layer split cases of (3,2) and (2,3) are supported.
· For rank=6, the layer split case of (3,3) is supported.
· To reduce the number of precoders for a certain layer split case for a certain rank,
· support precoder selection for layer split cases of (1,1), (1,2), (2,1).
· study precoder selection for layer split cases of (2,2), (3,2), and (2,3).
· (Above proposals are also shown in Table 3 and Table 4.)

Proposal 7
· For partially-coherent precoders with Ng=2, partial-coherent precoders from Rel-15 UL 4TX codebook are not used.
· For partially-coherent precoders with Ng=2, following codebook structure is supported,
· For rank<=4,  
· For rank>1, , where rank=rank() + rank()

Proposal 8
· For partially-coherent precoders with Ng=4, support Alt1.
· Alt1: Precoding design is based on Rel-15 UL 2TX codebook. 
· Full-coherent precoders are used.

Proposal 9
· For partially-coherent precoders with Ng=4, following codebook structure is the starting point.
· For rank=1, or  or  or 
· For rank=2, one or two 2TX precoders can be selected to use one or two antenna groups for transmission.
· For 2<rank<=6, two or three or four 2TX precoders can be selected to use corresponding antenna groups for transmission.
· For 6<rank<=8, 
· , , , and  are full-coherent precoders from Rel-15 2TX UL precoders.

Proposal 10
· For partially-coherent precoders with Ng=4, 
· Support all the layer splitting cases across 4 antenna groups for each rank.
· Support to study precoder selection for each layer split case for each rank.

Proposal 11
· For fully-coherent precoders, not support additional oversampling values other than (O1, O2) = (1, 1). 
· For fully-coherent precoders, support one codebook mode only, e.g., codebook mode 1.

Proposal 12
· Support to discuss codebooksubset configuration mechanism before TPMI/RI indication method. Option 2 is preferred.
· Option 1: codebooksubset configuration follows legacy mechanism, e.g., fully-coherent UEs can be configured with 'fullyAndPartialAndNonCoherent', 'partialAndNonCoherent' or ‘nonCoherent’ codebook subset; partial-coherent UE can be configured with 'partialAndNonCoherent' or ‘nonCoherent’ codebook subset.
· Option 2: new codebooksubset configuration, e.g., fully-coherent UEs can be configured with 'fullyCoherent', or 'partialCoherent' or ‘nonCoherent’ codebook subset; partial-coherent UE can be configured with 'partialCoherent' or ‘nonCoherent’ codebook subset.

Proposal 13
· For codebooksubset configurations of 'fullyCoherent', or ‘nonCoherent’, support joint indication of TRI and 8TX TPMI for from 1-layer transmission to 8-layer transmission, similar as legacy indication for ‘precoding information and number of layers’.
· For codebooksubset configurations of 'partialCoherent' with Ng=2 or Ng=4, study following two options,
· Option 1: the same indication method as 'fullyCoherent' and ‘nonCoherent’, i.e., joint indication of TRI and 8TX TPMI for from 1-layer transmission to 8-layer transmission, similar as legacy indication for ‘precoding information and number of layers’
· Option 2: different indication method from 'fullyCoherent' or ‘nonCoherent’, e.g., multiple fields are used to indicate multiple antenna groups, with additional indication on layer-split case or whether a field for an antenna group exists or not.

Proposal 14
· For NCB-based 8TX PUSCH transmission, for SRI indication, Option 1 is slightly preferred. 
· Option 1: Use an  bit length bitmap 
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Appendix
Table A-1: Simulation parameters
	Parameter
	Value

	Frequency range
	3.5 GHz

	Multiple access
	OFDMA 

	Numerology
	14 OFDM symbol slot
SCS , 30 KHz  

	Scenario
	Outdoor FWA (38.901): UMa (ISD = 500 m), 100% Outdoor, 3Km/h

	
	Indoor FWA (38.901): UMi (ISD = 200 m), 100% Indoor, 3Km/h

	
	Industrial (38.901): Indoor Office (Inh ), 3Km/h

	Channel model
	38.901

	System bandwidth
	20 MHz, 100 MHz 

	gNB RX antenna setup and port layouts
(𝑀,𝑁,𝑃,𝑀𝑔,𝑁𝑔,𝑀𝑝,𝑁𝑝) 
	Outdoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Indoor FWA : 
(8,8,2,1,1,4,8) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
(4,4,2,1,1,4,4) with (𝑑H, 𝑑V) = (0.5, 0.8)𝜆
 
Industrial:
(2,2,2,1,1,2,2) with (dH , dV ) = (0.5, 0.5)λ
 

	gNB antenna radiation pattern parameters
	Outdoor/Indoor FWA : 
38.901 Table 7.3-1, 8 dBi , 65° HPBW
 
Industrial:
IMT.2412 Table 10,5 dBi , 90° HPBW
 

	gNB receiver noise figure
	5dB 

	gNB receiver
	MMSE-IRC

	gNB scheduler
	Single user with proportional fair

	Modulation
	-    Up to 64 QAM  
-    Up to 256QAM  

	MIMO scheme
	SU-MIMO with rank adaptation

	UE speed
	3 Km/h

	UE TX antenna configuration
	(1, 4, 2)

	Traffic model
	-    FTP model 1: Packet size 500KB, RU= 50% and suggested low/high RU of values of 20% and 70%
-   Full buffer (optional) 

	Suggested benchmarking
	R15 UL 4-Tx codebook , 
Eigen-based, companies report PRG assumption 

	Precoder granularity
	Wideband 

	Power control
	Open loop, 
-    alpha = 0.8
-    P0 = -50, -80 dBm  
to be selected according to the deployment scenario 

	UE power rating
	23 dBm (UE, 38.101)
32 dBm (FWA, 38.101)

	Metric
	UL mean-user throughput, 5%-ile and 95%-ile UPT
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