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1. Introduction
In this contribution, we will discuss codebook, SRS, CW, and full TX power enhancement for enabling 8 TX UL transmission.
2. Codebook enhancement for enabling 8 TX UL transmission 
2.1 Codebook design for 8 TX partial-coherent UE
In RAN1#110b-e [1] and RAN1#112b-e meeting [2], the codebook design for partial-coherent UE was discussed.
	Working Assumption (#112b-e)
For partially coherent uplink precoding by an 8TX UE, Ng=2, 
· At least the following combinations of layer splitting are supported
· FFS: For rank>4, all the layers for each CW is mapped to only one antenna group
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)



Agreement (110b-e)
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}
· Alt 3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5,7}


For codebook design of an 8 TX partial-coherent UE, in Rel-15, coherent groups of {0,2} and {1,3} are assumed for 4 TX UL codebook design. For 8 TX UL codebook design, similar principle can be reused. For 8 TX UE as shown in Fig. 1, {0,4},{1,5},{2,6},{3,7} correspond to four polarization antenna groups. When Ng=2, two coherent groups of {0,1,4,5} and {2,3,6,7} can be assumed, when Ng=4, four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}. 
[image: ]
Figure 1. 8 TX UE with antenna groups {0,4},{1,5},{2,6},{3,7} correspond to four polarization antenna groups
Proposal 1: For codebook design of an 8 TX partial-coherent UE, when Ng=2, support Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}, when Ng=4, support Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}.
In RAN1#112b-e meeting, the layer splitting across 2 antenna groups has been discussed. The principles for layer splitting include: all layers in one antenna group, balanced layer splitting across antenna groups. However, to further consider the overhead of TPMI, whether to support symmetric combinations is left for discussion. One out of two symmetric combinations are enough for TPMI indication, and the mapping of antenna groups and TPMI is left to UE implementation. For example, we could keep (1,2) out of (2,1) and (1,2) to further reduce the overhead of TPMI indication.
Proposal 2: For partially coherent uplink precoding by an 8 TX UE, Ng=2, confirm the Working Assumptions with updates:
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)


For partial-coherent precoding, NR Rel-15 UL 2TX/4TX codebooks has been supported as the starting point for design of codebook in RAN1#112 meeting [2]. If same spatial vector can be assumed among different antenna groups, a common spatial vector can be indicated to UE based on Rel-15 UL 2TX/4TX codebooks, and an additional phase offset can be indicated to UE for generating the codebooks for each antenna groups. For partial-coherent UE with Ng=2, one precoding matrix  is indicated to UE for the first antenna group, where  is same as the legacy 4 TX codebook, and the phase offset and  is used to generate codebook for the second antenna group. Then, the 8 TX codebook is . The phase offset design may consider the impact to antenna selection and rank.
· Antenna selection: Sometimes may be only part of antenna groups are used for transmission, the common spatial vector and phase offset design could support to indicate the codebook of antenna groups selection. For partial-coherent UE with Ng=2, when the phase offset , only one antenna groups are selected for UL transmission. 
· Rank: For UE with 4 antenna groups, if only one antenna group is used, 1 layer and 2 layers could be supported, if two antenna groups are used, since the spatial vector are same for different groups, 2 layers and 4 layers could be supported, if three antenna groups are used, 3 layers and 6 layers could be supported, if four antenna groups are used, 4 layers and 8 layers could be supported. Similarly, for UE with 2 antenna groups, if only one antenna group is used, 1 layer, 2 layers, 3 layers and 4 layers could be supported, if two antenna groups are used, 2 layers, 4 layers, 6 layers and 8 layers could be supported. It is noted that the total transmission layer for PUSCH is the total number of transmission layers from different antenna groups.
Proposal 3: For codebook design of an 8 TX partial-coherent UE, one precoding matrix  and phase offset  are indicated to UE for generating 8 TX codebook .
Proposal 4: For codebook design of an 8 TX partial-coherent UE, the phase offset equals to 0 could support to indicate the codebook of antenna groups selection.
Proposal 5: Support joint indication of rank and precoding information, where RI is the total number of transmission layers from different antenna groups.


2.2 Codebook Configuration Aspects
In RAN1#112b-e meeting [2], three alternatives have been discussed for codebook subset configuration.
	Agreement (112b-e)
[bookmark: _Hlk134171648]For codebook -based 8TX PUSCH transmission, down-select from,
· Alt1
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· FFS which combinations of Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can be configured with precoders considered for at least one or more  Ng cases, i.e., Ng= 4, 8
· FFS which combinations of Ng value(s), if any, to be considered
· A non-coherent UE , Ng =8, can only be configured with precoders considered for Ng = 8
· Alt2 
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for one of Ng cases, i.e., Ng =1, 2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =2, can only be configured with precoders considered for one of Ng cases, i.e., Ng =2, 4, 8
· FFS which Ng value(s), to be considered
· A partially-coherent UE , with Ng =4, can only be configured with precoders considered for one of Ng cases, i.e., Ng =4, 8
· FFS which Ng value(s), to be considered
· A non-coherent UE , with Ng =8, can only be configured with precoders considered for Ng = 8
· FFS whether/how the configuration can be done via RRC or MAC-CE.
· Alt3
· A fully-coherent UE (Ng =1) can only be configured with precoders considered for Ng =1
· A partially-coherent UE , with Ng =2, can only use precoders considered for Ng =2
· A partially-coherent UE , with Ng =4, can only use precoders considered for Ng =4
· A non-coherent UE , with Ng =8, can only use precoders considered for Ng = 8
· Other alternatives are not precluded
Note: For an 8TX UE, Ng =8 can represent a non-coherent UE.


In Rel-15, all the full-coherent, partial-coherent, and non-coherent codebooks can be indicated to full-coherent UE, both partial-coherent and non-coherent codebooks can be indicated to partial-coherent UE, only non-coherent codebook can be indicated to non-coherent UE. This flexibility of codebook subset indication could be also kept for 8 TX UE. For example, for a full-coherent UE, the channel condition of different antenna ports may be various, and partial-coherent codebook may have better performance. To consider the overhead of TPMI for 8 TX, the combinations of Ng value(s) can be configured by RRC, and the TPMI bits are depend on the RRC configuration of indicated combinations of Ng value(s). 
Proposal 6: Support Alt1, and the combinations of Ng value(s) can be configured by RRC.
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· A partially-coherent UE, with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· A partially-coherent UE, with Ng =4, can be configured with precoders considered for at least one or more Ng cases, i.e., Ng= 4, 8
· A non-coherent UE, Ng =8, can only be configured with precoders considered for Ng = 8

3. Full TX power enhancement for enabling 8 TX UL transmission 
In RAN1#112b-e meeting [2], the following agreement has been achieved for full power transmission.
	Agreement
Framework for full power PUSCH transmission by an 8TX UE 
· To support full power transmission with Mode0, Rel-16 Mode0 (fullPower ) is re-used.
· FFS if any change is required in the specifications.
· Working Assumption To support full power transmission with Mode1, Rel-16 Mode1 (fullPowerMode1) is re-used.
· FFS if more than one of the 8TX full coherent precoders is used per rank. 
· Working Assumption To support full power transmission with Mode2, Rel-16 Mode2 (fullPowerMode2) is re-used.
· FFS definition of precoder groups (G0, G1, …)
· FFS enhancements for SRS configuration 


In Rel-16, full TX power enhancement has been discussed for partial and non-coherent UE, where full TX power UL transmission mode can be configured by ul-FullPowerTransmission with fullpower, fullpowerMode1, or fullpowerMode2. For 8 TX UE, partial-coherent or non-coherent assumption may be also typical UE implementation, and the related full TX power enhancement should be also discussed. It is a huge work to list all the potential PA architecture, considering potential UE implementation and for simplicity, we suggest to consider full power mode 0/1/2 enhancement to support 8 TX full power transmission. As shown in Table 1, for CAP1 UE, fullpower mode, fullpowerMode1, and fullpowerMode2 with antenna virtualization can be used to achieve full power transmission. Secondly, for CAP3 and CAP2 UE, fullpowerMode1, and fullpowerMode2 can be used to achieve full power transmission. 
Table 1. Typical PA architecture for 8 TX UE
	PA architecture
	fullpower mode
	fullpowerMode1
	fullpowerMode2 
antenna virtualization
	fullpowerMode2 
TPMI groups indication

	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
	
	√
	√
	√

	Full power capability with 2/4/6 PAs (CAP2)
	
	√
	√
	√


· For fullpower enhancement: For 8 TX UE that full rated PAs on each TX chain (CAP1), similar as ul-FullPowerTransmission configured as fullpower in Rel-16, the power scaling factor is fixed to 1 for PUSCH power control.
· For fullpowerMode1 enhancement: When TPMIs for 8 TX UL transmission is designed, the new codebook subset of TPMIs that can be used for UL full power transmission can be discussed, at least one full coherent precoder per rank is selected for full power transmission.
· For fullpowerMode2 enhancement:
· Antenna virtualization: Regardless of UE’s PA architecture, if the enhancements for SRS configuration is supported, then full power transmission is enabled for 8 TX UE. For 8 TX UE, multiple SRS resources with different antenna ports can be supported for usage set to ‘codebook’ in a set, where the antenna ports of SRS resources can be 8 ports, 4 ports, 2 ports, or 1 port. When SRI field in DCI indicates the 8 ports SRS, full TX power is not available, when SRI field in DCI indicates 4 ports or 2 ports SRS, 4 TX or 2 TX non-coherent codebook is used for full TX power transmission, when SRI field in DCI indicates 1 port SRS, full TX power transmission can be realized by spatial diversity. Besides, to consider the overhead of SRI field in DCI, the supported maximum of SRS resources configured in a set with the usage set to ‘codebook’ is not increased, then a maximum of 4 SRS resources are supported for usage set to ‘codebook’ in a set same as Rel-16.
· Full TX power TPMI groups indication: The TPMI groups indication is related to UE’s PA architecture and the TPMIs. PA architectures with high commercial priority could be considered, and when TPMIs for 8 TX UL transmission is designed, the TPMI(s) which can deliver UL full power could be discussed.
Proposal 7: For fullpowerMode1, at least one full coherent precoder per rank is selected for full power transmission.
Proposal 8: For fullpowerMode2 with antenna virtualization, a maximum of 4 SRS resources with 8 ports, 4 ports, 2 ports, or 1 port can be supported for usage set to ‘codebook’ in a set to not increase the overhead of SRI field in DCI.

4. TPMI indication for full-coherent precoders
Based on the agreed codebook, (N1, N2) and (O1, O2) values, the number of UL precoders for 8 TX are summarized in Table 1, the TPMI overhead is 7 bits for (N1, N2) = (2, 2) and (N1, N2) = (4, 1) values. Based on the DL codebook in TS 38.214, the UL precoders for 8 TX UE can be obtained by traversing all the values of , , , , and the mapping between precoder and TPMI can be left to editor. 
	[bookmark: _Ref124150487]Configuration parameters
	Number of precoders using NR Rel-15 single panel DL Type I

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

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

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


Table 1 – UL Number of Precoders
Proposal 9: For full-coherent precoders, TPMI overhead is 7 bits for (N1, N2) = (2, 2) and (N1, N2) = (4, 1) values.

5. Conclusion
Based on the above discussions, the proposals are as follows:
Proposal 1: For codebook design of an 8 TX partial-coherent UE, when Ng=2, support Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7}, when Ng=4, support Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7}.
Proposal 2: For partially coherent uplink precoding by an 8 TX UE, Ng=2, confirm the Working Assumptions with updates:
	Rank
	All layers in one Antenna Group
	Layers split across 2 Antenna Groups

	2
	(2,0), (0,2)
	· 

	2
	· 
	(1,1)

	3
	(3,0), (0,3)
	· 

	3
	· 
	(1,2), (2,1)

	4
	(4,0), (0,4)
	· 

	4
	· 
	(2,2)

	5
	· 
	(2,3), (3,2)

	6
	· 
	(3,3)

	7
	· 
	(3,4), (4,3)


Proposal 3: For codebook design of an 8 TX partial-coherent UE, one precoding matrix  and phase offset  are indicated to UE for generating 8 TX codebook .
Proposal 4: For codebook design of an 8 TX partial-coherent UE, the phase offset equals to 0 could support to indicate the codebook of antenna groups selection.
Proposal 5: Support joint indication of rank and precoding information, where RI is the total number of transmission layers from different antenna groups.
Proposal 6: Support Alt1, and the combinations of Ng value(s) can be configured by RRC.
· A fully-coherent UE (Ng =1) can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =1, 2, 4, 8
· A partially-coherent UE, with Ng =2 can be configured with precoders considered for at least one or more Ng cases, i.e., Ng =2, 4, 8
· A partially-coherent UE, with Ng =4, can be configured with precoders considered for at least one or more Ng cases, i.e., Ng= 4, 8
· A non-coherent UE, Ng =8, can only be configured with precoders considered for Ng = 8
Proposal 7: For fullpowerMode1, at least one full coherent precoder per rank is selected for full power transmission.
Proposal 8: For fullpowerMode2 with antenna virtualization, a maximum of 4 SRS resources with 8 ports, 4 ports, 2 ports, or 1 port can be supported for usage set to ‘codebook’ in a set to not increase the overhead of SRI field in DCI.
Proposal 9: For full-coherent precoders, TPMI overhead is 7 bits for (N1, N2) = (2, 2) and (N1, N2) = (4, 1) values.
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