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Introduction
[bookmark: _Ref494215420]In this contribution, we will share our views for SRI/TPMI enhancement for enabling 8 TX UL transmission, mainly about codebook design, signalling for 2CW, SRS configuration and SRI/TPMI indication.
Discussion
Codebook design
	Agreement
Support the following cases for codebook design for 8TX precoders
· Full coherent precoders with Ng=1
· FFS: Full coherent precoders with Ng=2, Ng=4
· Partial coherent precoders with Ng=2 and Ng=4
· This does not imply any relation with the number of TPMI indications for 8TX precoder
· Non-coherent precoders

Agreement
For a fully coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed

Agreement
For fully coherent uplink precoding by an 8TX UE, based on NR Rel-15 single panel DL Type I codebook, the following pairs of (N1, N2) values are supported,
· (N1, N2) = (4, 1)
· (N1, N2) = (2, 2)`
A pair of (N1, N2) can be configured with subject to UE capability.

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

Agreement
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded

Agreement
For 8TX UE codebook-based uplink transmission,
· For partially/non-coherent precoding, support NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) as the starting point for design of codebook 

Agreement
For 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
· 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

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.

Agreement
For non-coherent uplink precoding by an 8TX UE, following precoders are supported for 1 layer transmission. 

with the scaling factor of .



In RAN1 #110b~#112 meetings, for a fully-coherent uplink precoding by an 8TX UE, the Rel-15 single panel DL Type I codebook is supported as the starting point for design of the codebook with Ng=1. From the view of the DFT-based codebook design principle for a fully-coherent 8TX UE, there is no motivation to support multiple antenna groups Ng=2 or 4 to avoid UE implementation complexity and spec effort for coherency maintenance among multiple antenna groups. In other words, for a fully-coherent UE, only an antenna group including all the 8 TX is enough. 
For the codebook construction, based on the discussion and simulation results from other companies, we think that the DFT-based codebook of NR Rel-15 single panel DL Type I codebook is enough to cover all possible spatial areas for a fully-coherent UE. It is unnecessary to introduce the mixed codebook structure to avoid more complex codebook design and the performance evaluation for multiple codebook selection options from Alt 1b and Alt 2a. 
Proposal 1: 
· For a fully-coherent uplink precoding by an 8TX UE,
· Only support NR Rel-15 single panel DL Type I codebook.
· Only support Ng=1.
For partially/non-coherent precoding, the NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) are supported as the starting point for design of codebook. In RAN1 #111, multiple precoding structure options were proposed for a partially-coherent 8TX UE, e.g. non-Kronecker-based and Kronecker-based solutions. Each layer only needs to be transmitted from a coherent antenna group and the co-phasing is not needed between two antenna groups. Besides, for rank=2~4, all or a subset of the antenna groups can be used for UL transmission based on the varied channel condition. The ports in an antenna group should be coherent and the ports across multiple antenna groups are non-coherent. As a unified solution for Ng=2， or  or  , can be used for a partially-coherent 8TX UE, where A, A1 and A2 are taken from Rel-15 4TX UL fully-coherent codebook, and the rank = rank(A1)+rank(A2). For partially-coherent precoding, 2 TPMI fields are used to indicate two 4TX precoders. For Ng=4, the codebook structure can be designed via the similar principle with Ng=2, e.g. the codebook can be generated based on current Rel-15 UL 2TX fully-coherent codebook, where each 2TX fully-coherent codebook is indicated by one TPMI field for every antenna group. 
Proposal 2: 
· For a partially-coherent 8TX UE with Ng=2, support the following precoding structure based on Rel-15 UL 4TX fully-coherent codebook
·  or  for rank=1
·  or  for rank=2~4
·   for rank=5~8
where    and  are precoding matrices taken from Rel-15 4TX UL fully-coherent codebook. 
Proposal 3: 
· For a partially-coherent 8TX UE with Ng=4, support the similar principle as Ng=2, i.e. the precoding matrices for 4 antenna groups are taken from Rel-15 2TX UL fully-coherent codebook.
For non-coherent 8TX UE, as a unified solution, the similar principle of codebook design for partially-coherent 8TX UE mentioned above can be used. For Ng=2, the precoding matrices can be taken from Rel-15 4TX UL non-coherent codebook. For Ng=4, the precoding matrices can be taken from Rel-15 2TX UL non-coherent codebook. 
Proposal 4: 
· For a non-coherent 8TX UE, support the same codebook structure as partially-coherent codebook, and the precoding matrices can be taken from Rel-15 4TX UL non-coherent codebook for Ng=2 and from Rel-15 2TX UL non-coherent codebook for Ng=4.

Signalling for 2CW
	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
If dual CW is supported for uplink transmission with Rank>4 by an 8TX UE, reuse DL Rel-15 codeword to layer mapping for both codebook-based and non-codebook-based transmission.

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, 
· specify MCS, NDI, RV indication for the second CW
· specify PUSCH Scrambling for the second CW
· specify UCI multiplexing on PUSCH for dual CW transmission
· study whether/how Enabling/Disabling the second CW
FFS: Optimization of DCI to indicate the above
Note: Strive to reuse Rel-15 NR DL schemes where possible.

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select at least one of the following options in RAN1#112,
· Option1: UCI is always multiplexed on one of the CWs
· Option2: UCI is multiplexed on both CWs
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs
· Option4: UCI is multiplexed only when single CW is enabled
· Option5: UCI is repeated across the two CWs
· Other options are not precluded

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, for MCS indication, support
· Alt.2: A second MCS field (5 bits) is indicated for the second codeword

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, a second set of NDI (1 bit) and RV (2 bits) fields are indicated. 
· FFS: Details on how to signal

Agreement
To support dual CW PUSCH transmission for rank>4 by an 8TX UE, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}, 

where , and  are defined similar to the legacy single CW PUSCH transmission.

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)



In RAN1#111~112 meetings, dual CW for PUSCH with rank>4 by an 8TX UE is supported. When dual CW is indicated for PUSCH with rank>4, the DL Rel-15 CW to layer mapping for both codebook-based and non-codebook-based transmission is reused. Similar signalling design as DL is agreed, e.g. two MCS fields, two NDI fields, two RV fields for two CWs with rank>4, same scrambling mechanism as DL PDSCH.  
For CW enabling/disabling for PDSCH, the higher layer parameter maxNrofCodeWordsScheduledByDCI in PDSCH-config indicates that dual CW transmission is enabled. Similarly, an RRC parameter can be configured in PUSCH-config to indicate the maximal number of CW scheduled by DCI. Whether one or two transport blocks are scheduled depends on the indicated value of IMCS and rvid for the corresponding transport block by DCI. If both transport blocks are scheduled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is scheduled, then the enabled transport block is always mapped to the first CW. Similar to CW enabling/disabling for PDSCH, the special values of MCS field and RV field can be used to enable/disable the corresponding transport block. For Type 2 CG PUSCH, two MCS fields are included in activation DCI for dual CW. For Type 1 CG PUSCH, two mcsAndTBS parameters are configured in rrc-ConfiguredUplinkGrant for dual CW.
For CBG based PUSCH transmission, the principle for DL CBGBI field design can be reused. When dual CW transmission is enabled, the first part of CBGTI field bits is used to indicate the CBGs of the first transport block, while the second part of CBGTI field bits is used to indicate the CBGs of the second transport block, where the CBGTI field bits have an in-order one-to-one mapping with CBGs of two transport blocks. For initial transmission of a transport block as indicated by the NDI field of the scheduling DCI, the UE may assume that all the code block groups of the transport block are present. For a retransmission of a transport block as indicated by the NDI field of the scheduling DCI, the CBGTI field of the scheduling DCI indicates which CBGs of the transport block are present in the transmission. A bit value of '0' in the CBGTI field indicates that the corresponding CBG is not transmitted and '1' indicates that it is transmitted.
For PUSCH transmission with rank>4 by an 8TX UE, for UCI multiplexing on PUSCH, we slightly prefer that UCI is always multiplexed on the first CW to simplify the spec design.
Proposal 5: 
· For enabling/disabling CW, 
· An RRC parameter is configured in PUSCH-config to indicate the maximal number of CWs scheduled by DCI.
· The special values of MCS field and RV field can be used to enable/disable the corresponding transport block.
Proposal 6: 
· For CBG based dual CW transmission for PUSCH, the design principle in DL DCI can be reused for CBGTI field in UL DCI.
Proposal 7: 
· For UCI multiplexing on PUSCH, support Alt1, i.e. UCI is always multiplexed on the first CW.

SRS configuration and SRI/TPMI indication
	Agreement
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
1. Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
1. FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.

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

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

Agreement
For SRI and/or transmitter precoder matrix indication for codebook-based uplink transmission by an 8TX UE, study
· Whether/how to indicate one or multiple TPMI/SRI, according to the number of antenna groups, coherence capability, codebooksubset configuration, etc. 
· Whether/how to extend Rel-17 framework, e.g., TPMI/SRI indication in MTRP PUSCH
· Whether/how to separate/joint indication of rank and precoding information.
· Whether/how to indicate n (<=Ng) selected antenna group(s) separately from TPMI/TRI indication

Agreement
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

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

Agreement
For CB-based 8TX PUSCH transmission, where Mode 2 uplink full power transmission (if supported) is not used, re-use legacy Rel-15 mechanism, that is
· when only one SRS resource in a resource set is configured, the SRI field in DCI is absent, 
· when two SRS resources are configured in a resource set, 1 bit of SRI field in DCI is used to indicate the selected SRS resource in the set.



In RAN1 #110bis meeting, a single SRS resource set configured with up to 8 single-port SRS resources is supported for non-codebook-based UL transmission by an 8TX UE. There is no need to support the configuration of more than one SRS resource sets, because this configuration may require additional spec effort and the benefit is unclear. Thus, a single SRS resource set configuration is enough. 
Proposal 8: 
· Don’t support more than one SRS resource sets configuration for non-codebook-based UL transmission by an 8TX UE.

Based on the agreement of SRS configuration, for non-codebook based UL transmission for an 8TX UE, a single SRS resource set with up to 8 single-port SRS resources is configured and all SRS port combinations are supported. For the consistency of signaling design, the principle of SRI indication for  can be same as , i.e. SRS port combination indication ().
Proposal 9: 
· For SRI indication for non-codebook-based UL transmission by an 8TX UE, support Option 2, i.e. legacy-based solution.
Due to the high overhead introduced by direct enhancement for SRI field in DCI, further study is needed to reduce SRI overhead for non-codebook-based transmission. Based on the possible deployment of UE antenna, e.g. multi-panel for 8TX UE, a feasible method is to limit the selection of SRS resources for part of layers having large spatial differences, such as limiting the first four layers to the first four SRS resources. DCI overhead reduction for SRS resource indicator should be considered and the potential methods to reduce SRI overhead should be studied, e.g. the first four SRS resources are used for rank=1~4 and always used for rank=5~8.
Proposal 10: 
· Consider the potential method to reduce SRI overhead.
It is agreed that one SRS resource set configuration containing up to 2 8 -port SRS resource(s) is supported for codebook-based UL transmission for an 8TX UE. We think one SRS resource set is enough for codebook-based UL transmission by an 8TX UE, which is a direct extension of Rel-15 UL design and can reduce SRI overhead. It is not necessary to additionally introduce more than one SRS resource sets with 2-port or 4-port SRS resource, which has unclear benefit, spec effort and larger SRI overhead.
Proposal 11: 
· Only support one SRS resource set containing 8-port SRS resource(s) for codebook-based UL transmission by an 8TX UE.
For codebook-based UL transmission for an 8TX UE, it was agreed that the SRI indication mechanism in Rel-15 is reused, where 1 bit in SRI field is used when 2 SRS resources are configured in the set. For codebook-based transmission, the transmitter precoder matrix indication has a strong correlation with the structure of the codebook design. For example, for a partially-coherent 8TX UE, two UL 4TX precoders for Ng=2 are indicated by TPMI field(s), and two UL 4TX partially-coherent precoders or four UL 2TX fully-coherent precoders for Ng=4 are indicated by TPMI field(s). Besides, the number of TPMI field(s) needs to be discussed, e.g. 1 TPMI field for a new codebook table or multiple TPMI fields for multiple codebook tables. Thus, the TPMI design for codebook-based UL transmission can be decided when the codebook design for UL is stable.
Proposal 12: 
· For codebook-based 8TX PUSCH transmission, TPMI design should be decided after codebook design.

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

Agreement
In Rel-18, on support of full power operation by a partial/non-coherent 8TX UE configured with codebook-based transmission, 
Identify and agree on at least one potential PA architecture by RAN1 meeting #111

Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
8. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
8. This can be used for other UE Power Classes as well.
	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	



Agreement
For an 8TX partial/non-coherent precoder, for study on full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 
Note: This does not mandate support of all Rel-16 modes.



For a partially/non-coherent 8TX UE, it is assumed that the UE is not capable of maintaining relative phase of antenna ports. In order to achieve full power transmission, RAN1 defined two modes for UE capability 2 and 3 in Rel-16. For mode 1, a new codebook subset was introduced to ensure that the power is split equally across all antenna ports. While for mode 2, depending on the supported PA architecture, the UE can recommend a set of codebooks to produce full power transmission with or without antenna virtualization. 
During the last meetings, it has been agreed that for a fully-coherent 8TX UE, NR Rel-15 single panel DL Type I codebook is used as the starting point for design of the codebook. While for a partially/non-coherent 8TX UE, NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s) are supported as the starting point. It is highly possible that the DCI field for codebook indication will be different for fully-coherent and partially/non-coherent cases.
For full power transmission for a partially/non-coherent 8TX UE, the mode 1 is more practical and feasible. Similar as in Rel-16, a new codebook subset can be introduced, where maybe only a small number of precoders need to be introduced. In order to reuse the DCI field design for partially/non-coherent case, each codebook in the subset should also be designed based on NR Rel-15 UL 2TX/4TX codebooks and/or 8x1 antenna selection vector(s). 
Proposal 13: 
· Support full power mode1 for an 8TX UE and introduce 8TX full power precoder(s).

Conclusion
In this contribution, we discussed SRI/TPMI enhancement for enabling 8TX UL transmission. The following proposals are achieved: 
Proposal 1: 
· For a fully-coherent uplink precoding by an 8TX UE,
· Only support NR Rel-15 single panel DL Type I codebook.
· Only support Ng=1.
Proposal 2: 
· For a partially-coherent 8TX UE with Ng=2, support the following precoding structure based on Rel-15 UL 4TX fully-coherent codebook
·  or  for rank=1
·  or  for rank=2~4
·   for rank=5~8
where    and  are precoding matrices taken from Rel-15 4TX UL fully-coherent codebook. 
Proposal 3: 
· For a partially-coherent 8TX UE with Ng=4, support the similar principle as Ng=2, i.e. the precoding matrices for 4 antenna groups are taken from Rel-15 2TX UL fully-coherent codebook.
Proposal 4: 
· For a non-coherent 8TX UE, support the same codebook structure as partially-coherent codebook, and the precoding matrices can be taken from Rel-15 4TX UL non-coherent codebook for Ng=2 and from Rel-15 2TX UL non-coherent codebook for Ng=4.
Proposal 5: 
· For enabling/disabling CW, 
· An RRC parameter is configured in PUSCH-config to indicate the maximal number of CWs scheduled by DCI.
· The special values of MCS field and RV field can be used to enable/disable the corresponding transport block.
Proposal 6: 
· [bookmark: _GoBack]For CBG based dual CW transmission for PUSCH, the design principle in DL DCI can be reused for CBGTI field in UL DCI.
Proposal 7: 
· For UCI multiplexing on PUSCH, support Alt1, i.e. UCI is always multiplexed on the first CW.
Proposal 8: 
· Don’t support more than one SRS resource sets configuration for non-codebook-based UL transmission by an 8TX UE.
Proposal 9: 
· For SRI indication for non-codebook-based UL transmission by an 8TX UE, support Option 2, i.e. legacy-based solution.
Proposal 10: 
· Consider the potential method to reduce SRI overhead.
Proposal 11: 
· Only support one SRS resource set containing 8-port SRS resource(s) for codebook-based UL transmission by an 8TX UE.
Proposal 12: 
· For codebook-based 8TX PUSCH transmission, TPMI design should be decided after codebook design.
Proposal 13: 
· Support full power mode1 for an 8TX UE and introduce 8TX full power precoder(s).
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