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Introduction
For Rel-16, the solutions on full power enhancement have been fully discussed. Finally full power enhancement for codebook based PUSCH can be specified with two modes, i.e. Mode 1 and Mode 2. We discuss the remaining issues on full power transmission in this contribution.
Discussion on Full TX Power for UL transmission for Rel-16
Remain issues on TPMI group reporting in Mode 2
In RAN1#99 meeting, the following agreement has been reached for UL full Tx power with Mode 2 [1].
	Agreement
For 4 ports, number of bits to indicate TPMI(s) which can deliver UL full power:
· Non Coherent 2 bits
· Partial coherent 4 bits
· Additional entries on top of existing entries may be added to table 1 and table 2
Whether is this capability reporting is optional or not will be discussed as part of UE capability discussions
Table 1.
	4Tx, nonCoherent
	4Tx, partial coherent (4bit)

	G0
	G0

	G1
	G1

	G2
	G2

	G3
	G3

	
	G4

	
	G5

	
	G6

	
	



Definition of G0~G6 can be found in the table below.
Table 2.
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For Mode 2, the UE can be configured with one SRS resource or multiple SRS resources with same or different numbers of SRS ports within a SRS resource set which usage is set to 'codebook'. It does not need further codebook extension but needs full Tx power reporting per TPMI or TPMI group to support higher power scaling factor(s) compared to Rel-15. One remaining issue for Mode 2 is to complete the additional TPMI groups that corresponds to full power transmission for non/partial-coherent 4-Tx UE.
· The size of indicating bits to report TPMI group(s) of enabling full power transmission for non-coherent 4-Tx UE is 2 bits, which means up to four TPMI groups can be adopted for this case. Correspondingly, the size of partial-coherent 4-Tx UE is 4 bits, and up to sixteen TPMI groups can be adopted for full power transmission.
· 
As shown in Table 1 and Table 2 in the above agreement, four TPMI groups (G0 to G3) and seven TPMI groups (G0 to G6) are agreed for the cases of non-coherent and partial-coherent 4-Tx UE respectively. From the perspective of PA capability, the minimum requirements of PA architecture and port-coherent capability of G0 to G6 are shown in the following Table 1, wherein the PA architecture  corresponds to antenna ports {1000, 1001, 1002, 1003}, and we assume that the pairs of ports {1000, 1002} and ports {1001, 1003} are coherent, respectively.
Table 1 Minimum requirements for UE PA architecture and coherent capability
	TPMI Group index
	PA architecture
	Coherent capability

	G0
	[23 17 17 17] dBm
	non-coherent only

	G1
	[23 17 23 17] dBm
	

	G2
	[23 23 23 17] dBm
	

	G3
	[20 20 20 17] dBm
	

	G4
	[20 17 20 17] dBm
	partial-coherent only

	G5
	[20 20 20 17] dBm
	

	G6
	[20 20 20 20] dBm
	


In order to optimize TPMI group based full power capability reporting, entries of TPMI groups should be decoupled as much as possible and corresponds to independent PA architectures and coherent capabilities. But, unfortunately, it is observed that there is inclusion relationship for TPMI groups to be reported for partial-coherent 4-Tx UE.
· Example-1: We have reached two separate entries of G1 and G4, but the partial-coherent 4-Tx UE with PA = [23 17 23 17] dBm can implement full power transmission with G1 (non-coherent only) and G4 (partial-coherent only). Therefore, in technical, G1 should be combined with G4, and, similarly, G2 should be combined with G5 accordingly.
· Example-2: G5 has the same requirement as G3 in terms of the minimum requirements of UE PA architecture, which means that G3 is the redundant entry for such UE and should be removed accordingly.
Also, it can be seen that just 7 entries were reached for TPMI group reporting but 9 entries are still reserved, which restrict the diversity of UE implementation with full power TPMIs reporting. Consequently, we shall consider some more types of the partial-coherent 4-Tx UE with different PA architectures.
· 
From the perspective of permutation and combination of antenna ports PA architecture, there are 81 types of 4 ports UE can be captured (PA can be any one out of {23, 20, 17} dBm for each antenna port, corresponding to total  types). Obviously, 4 bits are not enough to cover all types of UEs. However, if shifting the attention to PA combination architecture without permutation, there are only 15 types of 4 ports UE, which are shown in Table 2.
Table 2  Combinations of PA architecture for 4-Tx UE
	[bookmark: OLE_LINK3]Type
	Combination of PA architecture
	Details of PA architecture

	1
	4 ports with 17 dBm, i.e., 
{17+17+17+17} dBm
	[17 17 17 17] dBm;

	2
	3 ports with 17 dBm & 1 port with 20 dBm, i.e., 
{17+17+17+20} dBm
	[20 17 17 17] dBm, 	[17 20 17 17] dBm, 
[17 17 20 17] dBm, 	[17 17 17 20] dBm;

	3
	2 ports with 17 dBm & 2 ports with 20 dBm, i.e., 
{17+17+20+20} dBm
	[20 17 20 17] dBm, 	[20 17 17 20] dBm, 	[20 20 17 17] dBm, 
[17 20 17 20] dBm, 	[17 20 20 17] dBm, 	[17 17 20 20] dBm;

	4
	1 port with 17 dBm & 3 ports with 20 dBm, i.e., {17+20+20+20} dBm
	[20 20 20 17] dBm, 	[20 20 17 20] dBm, 	
[20 17 20 20] dBm, 	[17 20 20 20] dBm;

	5
	4 ports with 20 dBm, i.e., 
{20+20+20+20} dBm
	[20 20 20 20] dBm;

	6
	3 ports with 17 dBm & 1 port with 23 dBm, i.e., 
{17+17+17+23} dBm
	[23 17 17 17] dBm, 	[17 23 17 17] dBm, 
[17 17 23 17] dBm, 	[17 17 17 23] dBm;

	7
	2 ports with 17 dBm & 2 ports with 23 dBm, i.e., 
{17+17+23+23} dBm
	[23 17 23 17] dBm, 	[23 17 17 23] dBm, 	[23 23 17 17] dBm, 
[17 23 17 23] dBm, 	[17 23 23 17] dBm, 	[17 17 23 23] dBm;

	8
	1 port with 17 dBm & 3 ports with 23 dBm, i.e., 
{17+23+23+23} dBm
	[23 23 23 17] dBm, 	[23 23 17 23] dBm, 
[23 17 23 23] dBm, 	[17 23 23 23] dBm;

	9
	2 ports with 17 dBm & 1 port with 20 dBm & 1 port with 23 dBm, i.e., 
{17+17+20+23} dBm
	[23 17 20 17] dBm, 	[23 20 17 17] dBm, 	[23 17 17 20] dBm, 
[20 17 23 17] dBm, 	[17 20 23 17] dBm, 	[17 17 23 20] dBm, 
[20 23 17 17] dBm, 	[17 23 20 17] dBm, 	[17 23 17 20] dBm, 
[20 17 17 23] dBm, 	[17 20 17 23] dBm, 	[17 17 20 23] dBm;

	10
	1 port with 17 dBm & 2 ports with 20 dBm & 1 port with 23 dBm, i.e., 
{17+20+20+23} dBm
	[bookmark: OLE_LINK4][23 20 20 17] dBm, 	[23 20 17 20] dBm, 	[23 17 20 20] dBm, 
[17 20 23 20] dBm, 	[20 20 23 17] dBm, 	[20 17 23 20] dBm, 
[20 23 20 17] dBm, 	[20 23 17 20] dBm, 	[17 23 20 20] dBm, 
[20 17 20 23] dBm, 	[20 20 17 23] dBm, 	[17 20 20 23] dBm;

	11
	1 port with 17 dBm & 1 port with 20 dBm & 2 ports with 23 dBm, i.e., 
{17+20+23+23} dBm
	[23 20 23 17] dBm, 	[23 23 20 17] dBm, 	[20 23 23 17] dBm, 
[23 23 17 20] dBm, 	[23 20 17 23] dBm, 	[20 23 17 23] dBm, 
[23 17 23 20] dBm, 	[23 17 20 23] dBm, 	[20 17 23 23] dBm, 
[17 23 20 23] dBm, 	[17 23 23 20] dBm, 	[17 20 23 23] dBm;

	12
	3 ports with 20 dBm & 1 port with 23 dBm, i.e., 
{20+20+20+23} dBm
	[23 20 20 20] dBm, 	[20 23 20 20] dBm, 
[20 20 23 20] dBm, 	[20 20 20 23] dBm;

	13
	2 ports with 20 dBm & 2 ports with 23 dBm, i.e., 
{20+20+23+23} dBm
	[23 20 23 20] dBm, 	[23 20 20 23] dBm, 	[23 23 20 20] dBm, 
[20 23 20 23] dBm, 	[20 23 23 20] dBm, 	[20 20 23 23] dBm;

	14
	1 port with 20 dBm & 3 ports with 23 dBm, i.e., 
{20+23+23+23} dBm
	[23 23 23 20] dBm, 	[23 23 20 23] dBm, 
[23 20 23 23] dBm, 	[20 23 23 23] dBm;

	15
	4 ports with 23 dBm, i.e., 
{23+23+23+23} dBm
	[23 23 23 23] dBm;


According to the above Table 2, we have the following analysis.
· Firstly, we only need to further consider how to support type 9 to type 14 to enable full power transmission herein. It is because that the UE with PA architecture of type 1 or type 2 cannot support additionally full power transmission using TPMIs in Mode 2 compared with Rel-15. Type 15 is equivalent to Mode 0, which means any one of TPMIs can support full power transmission of the partial-coherent 4-Tx UE. Meanwhile, type 3 to type 8 have been supported by existing entries (G0 to G6).
· Secondly, in order to simplify UE PA architecture in Table 2, it is recommended that the maximum power value of PA for each port obey the following rule: port {1000} ≥ port {1002} ≥ port {1001} ≥ port {1003}. 
· In technical, if there are not enough full rated power PA for all ports, the port with higher priority should be placed a stronger PA. Taking into account that the pair of port {1000} and port{1002} or the pair of port {1001} and port{1003} are assumed to be coherent, respectively, in a partial-coherent 4-Tx UE, the UE shall support the first coherent pair with higher priority, and then support the second coherent pair.
· For example, in the case of type 9 (2 ports with 17 dBm & 1 port with 20 dBm & 1 port with 23 dBm), 23 dBm PA should be placed on port {1000}, 20 dBm PA should be placed on port {1002}, and two 17 dBm PAs should be place on port {1001} and port {1003}, then the typical PA architecture of type 9 is [23 17 20 17] dBm.
Consequently, we consider to add entries of TPMI groups to enable full power transmission of the following PA architectures of each one of type 9 to type 14, which are shown in Table 3.
Table 3  Supported PA architectures of type 9 to 14
	Type
	Combination of PA architecture
	Supported PA architecture

	9
	2 ports with 17 dBm & 1 port with 20 dBm & 1 port with 23 dBm, i.e., 
{17+17+20+23} dBm
	[23 17 20 17] dBm

	10
	1 port with 17dBm & 2 ports with 20dBm & 1 port with 23 dBm, i.e., 
{17+20+20+23} dBm
	[23 20 20 17] dBm

	11
	1 port with 17 dBm & 1 ports with 20 dBm & 2 port with 23 dBm, i.e., 
{17+20+23+23} dBm
	[23 20 23 17] dBm

	12
	3 ports with 20 dBm and 1 port with 23 dBm, i.e., 
{20+20+20+23} dBm
	[23 20 20 20] dBm

	13
	2 ports with 20 dBm and 2 ports with 23 dBm, i.e., 
{20+20+23+23} dBm
	[23 20 23 20] dBm

	14
	1 port with 20 dBm and 3 ports with 23 dBm, i.e., 
{20+23+23+23} dBm
	[23 23 23 20] dBm


Overall, we make the following proposal, and the minimum requirements for UE PA architecture and coherent capability of the new G0 to G11 of partial-coherent 4-Tx UE are summarized in Table 4 in the appendix.
[bookmark: OLE_LINK2]Proposal 1: In order to support more types of PA architecture for partial-coherent 4-Tx UE with Mode 2 based on the agreed bits for UE capability reporting, replacing the existing Table 1 and Table 2 with the following Table 1’ and Table 2’ respectively for indicating full power TPMI group(s).
Table 1’ TPMI groups for non/ partial-coherent 4-Tx UE
	4Tx, non-coherent (2bit)
	4Tx, partial-coherent (4bit)

	G0
	G0

	G1
	G1’（G1+G4）

	G2
	G2’（G2+G5）

	G3
	G3’(G4)

	
	G4’(G5)

	
	G5’(G6)

	
	G6’（G0+G4）

	
	G7（G0+G5）

	
	G8（G1+G5）

	
	G9（G0+G6）

	
	G10（G1+G6）

	
	G11（G2+G6）

	
	reserved

	
	reserved

	
	reserved

	
	reserved



Table 2’  Details of TPMI groups for non/ partial-coherent 4-Tx UE
	TPMI Group index
	Precoding Matrices

	G0
	


	G1
	

,

	G1’（G1+G4）
	


,,

	G2
	


,,

	G2’（G2+G5）
	



,,,

	G3
	

,

	G3’(G4)
	

,

	G4’(G5)
	


,,


	G5’（G6）
	



,,,

	G6’（G0+G4）
	


,,

	G7（G0+G5）
	



,,,

	G8（G1+G5）
	



,,,

	G9（G0+G6）
	




,,,,

	G10（G1+G6）
	




,,,,

	G11（G2+G6）
	




,,,,


Remain issues on power scaling
In RAN1#100bis-e meeting, one TP has been endorsed to explicitly clarify the power scaling of the single port SRS resource based transmission in Mode 2 [2]. However, no matter what the full power transmission mode is, the power scaling s of single port PUSCH transmission always should be 1. When the UE configured with a single-port SRS resource, it does not make sense to penalize such UE by precluding this case in Mode 1, at least from spec perspective. Therefore, we propose to specify in RAN1 specification that the power scaling  should be captured for all full power transmission modes once the single port PUSCH transmission is scheduled.
[bookmark: _Toc29673201][bookmark: _Toc29673342][bookmark: _Toc29674335][bookmark: _Toc20318030][bookmark: _Toc11352140][bookmark: _Toc27299928]TP#1 on TS 38.213: 7.1	Physical uplink shared channel [3]
	For a PUSCH transmission on active UL BWP [image: ], as described in Clause 12, of carrier [image: ] of serving cell [image: ], a UE first calculates a linear value [image: ] of the transmit power [image: ], with parameters as defined in Clause 7.1.1. For a PUSCH transmission scheduled by a DCI format or configured by ConfiguredGrantConfig or semiPersistentOnPUSCH, if txConfig in PUSCH-Config is set to 'codebook', 
-	if ul-FullPowerTransmission in PUSCH-Config is provided and codebookSubset in PUSCH-Config is set to 'nonCoherent' or 'partialAndNonCoherent', the UE scales  by  where:
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode1, and each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port,  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over the maximum number of SRS ports supported by the UE in one SRS resource
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpowerMode2 
-	 for full power TPMIs reported by the UE [16, TS 38.306], and  is the ratio of a number of antenna ports with non-zero PUSCH transmission power over a number of SRS ports for remaining TPMIs, where the number of SRS ports is associated with a SRS resource indicated by a SRI field in a DCI format scheduling the PUSCH transmission if more than one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', or the number of SRS ports is associated with the SRS resource if only one SRS resource is configured in the SRS-ResourceSet with usage set to 'codebook', 
-	, if a SRS resource with a single port is indicated by a SRI field in a DCI format scheduling the PUSCH transmission when more than one SRS resource is provided in the SRS-ResourceSet with usage set to 'codebook', or if only one SRS resource with a single port is provided in the SRS-ResourceSet with usage set to 'codebook', and 
-	if ul-FullPowerTransmission in PUSCH-Config is set to fullpower, 
-	if a SRS resource with a single port is indicated by a SRI field in a DCI format scheduling the PUSCH transmission when more than one SRS resource is provided in the SRS-ResourceSet with usage set to 'codebook', or if only one SRS resource with a single port is provided in the SRS-ResourceSet with usage set to 'codebook', 
-	else, if each SRS resource in the SRS-ResourceSet with usage set to 'codebook' has more than one SRS port, the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. 
The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.



UE capability reporting for full power UL transmission
Regarding UE features on full power UL transmission, we provide our views as follows besides designs of TPMI group(s) for full power UL transmission which has been discussed in Section 2.1. Some more details and the corresponding update on the current UE feature list can be found in our companion contribution [4]
16-5b/5c:	Number of Tx to support mode 0/1/2: {2Tx, 4Tx, 2Tx_4Tx}
As a basic principle, for full Tx power transmission, the corresponding PUSCH power scaling factor and extension of UL codebook should be determined only according to the full Tx mode and TPMI-group reporting for full Tx power in mode2. The motivation for “16-5b/5c:	Number of Tx to support mode 0/1/2: {2Tx, 4Tx, 2Tx_4Tx}” is unclear with the following analysis, and those three components also restrict the flexibility of gNB configuration significantly.
· For mode 1, the scaling factor is the same as Rel-15, and only extension of the UL codebook is supported herein. It does not make sense that the extension of codebook is only applied to a specific number of Tx ports.
· For mode 2, this component is also redundant, considering that the component “16-5-6: TPMI group which delivers full power” can fully provide the UE capability of which TPMIs can support full power.
Component-4 in 16-5c: FFS: Number of ports per SRS resource
We are not sure why this component is needed. The motivation is not clear.
Component-5 in 16-5c: FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set
We think this component is needed. We can consider the candidate values of "1", "2" or "4" for this component.
Component-6 in 16-5c: TPMI group which delivers full power.
The relationship issue between UL-Tx-Switching and Mode-2 full power transmission was identified and discussed at the last RAN1 meeting, and herein we make further analysis about this issue.
· In our views, for full power transmission, it is assumed that the UE can always support 2-Tx port transmission; but for UL-Tx switching, it is assumed that the UE only can support the 2-Tx port transmission under the case that the Tx from carrier 1 is switched to carrier 2. Considering the latest RAN4 agreement that UE power class is fixed regardless of UL-Tx switching, in UL-Tx switching case, the power scaling factor for PUSCH transmission and enabling multiple SRS resources with different number of ports should be enhanced compared with Rel-15 from spec perspective, which are well aligned with Mode-2 TPMI group reporting and two SRS resources with different ports.
· In a typical case, for PC3 UE, there are two PAs with 23 dBm for carrier 1 and carrier 2, respectively, and, when a Tx chain is switched from carrier 1 to carrier 2, the corresponding power class is also 23 dBm. The UE can support full power transmission, even in the case of the single non-zero power entry, e.g., [1, 0]. For spec perspective, the UE can report to support full power transmission under [1, 0] and [0, 1] using the bitmap of TPMI group reporting.
· Besides, this capability component 3 in FG16-5c, in addition to the components about TPMI group reporting and two SRS resources with different ports can also be applied to UL-Tx switching, in our views. For instance, in order to reduce the UE complexity of supporting additional SRS resources in mode 2, the UE can report to only support one SRS resource under mode 2 through indicating the value of 1 in the component 3 “The maximum number of SRS resources in set with different number of ports for usage set to‘codebook’” in FG16-5c. If the UE reports 2 SRS resources for this component, one SRS resource is 1-port for 1-port transmission and another SRS resource is 2-port for 2-port transmission when 2Tx is available for carrier 2. In case of 1-port transmission, full power can be supported with the {23dBm 23dBm} PA architecture although no virtualization is needed with 1Tx assumption.
Consequently, regardless of splitting the FG 16-5c or not, we do not see any difference for further applying FG 16-5c for UL-Tx-Switching feature, considering that TPMI reporting is an essential feature for UL-Tx-Switching (For 1-port PUSCH transmission, full power transmission is mandatorily supported in Rel-15).
Observation: Further applying FG 16-5c for UL-Tx-switching is not relevant to splitting the FG into 2 FGs.
Proposal 2: The following UE capability reporting in FG 16-5c can be applied for UL-Tx-switching.
· Supported UL full power transmission mode 2, i.e., multiple SRS resources with different number of SRS ports.
· The maximum number of SRS resources in set with different number of ports for usage set to‘codebook’. 
· TPMI group which delivers full power.
Regarding the case that UE does not support additional TPMI with full power, one entry of “NULL” (i.e., no further TPMI group is supported for full power) can be considered as a candidate value for TPMI group reporting. Consequently, in order to save the FG signaling, the single FG 16-5c seems to be sufficient.
Proposal 3: Do NOT support to further split FG 16-5c into 2 FGs in order to save the FG signaling overhead.
· One entry of “NULL” (i.e., no further TPMI group is supported for full power) can be considered as a candidate value for TPMI group reporting.
Conclusions
In this contribution, we analyze the remaining issues on NR Rel-16 full power transmission and provide observation and proposals as follows.
Observation: Further applying FG 16-5c for UL-Tx-switching is not relevant to splitting the FG into 2 FGs.
Proposal 1: In order to support more types of PA architecture for partial-coherent 4-Tx UE with Mode 2 based on the agreed bits for UE capability reporting, replacing the existing Table 1 and Table 2 with the following Table 1’ and Table 2’ respectively for indicating full power TPMI group(s).
Table 1’ TPMI groups for non/ partial-coherent 4-Tx UE
	4Tx, nonCoherent (2bit)
	4Tx, partial coherent (4bit)

	G0
	G0

	G1
	G1’（G1+G4）

	G2
	G2’（G2+G5）

	G3
	G3’(G4)

	
	G4’(G5)

	
	G5’(G6)

	
	G6’（G0+G4）

	
	G7（G0+G5）

	
	G8（G1+G5）

	
	G9（G0+G6）

	
	G10（G1+G6）

	
	G11（G2+G6）

	
	reserved

	
	reserved

	
	reserved

	
	reserved



Table 2’  Details of TPMI groups for non/ partial-coherent 4-Tx UE
	TPMI Group index
	Precoding Matrices

	G0
	


	G1
	

,

	G1’（G1+G4）
	


,,

	G2
	


,,

	G2’（G2+G5）
	



,,,

	G3
	

,

	G3’(G4)
	

,

	G4’(G5)
	


,,


	G5’（G6）
	



,,,

	G6’（G0+G4）
	


,,

	G7（G0+G5）
	



,,,

	G8（G1+G5）
	



,,,

	G9（G0+G6）
	




,,,,

	G10（G1+G6）
	




,,,,

	G11（G2+G6）
	




,,,,



Proposal 2: The following UE capability reporting in FG 16-5c can be applied for UL-Tx-switching.
· Supported UL full power transmission mode 2, i.e., multiple SRS resources with different number of SRS ports.
· The maximum number of SRS resources in set with different number of ports for usage set to‘codebook’. 
· TPMI group which delivers full power.
Proposal 3: Do NOT support to further split FG 16-5c into 2 FGs in order to save the FG signaling overhead.
· [bookmark: _GoBack]One entry of “NULL” (i.e., no further TPMI group is supported for full power) can be considered as a candidate value for TPMI group reporting.
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Appendix
Table 4  Minimum requirements of partial-coherent 4-Tx UE related to Table 2’
	TPMI Group index
	PA architecture
	Coherent capability

	G0
	[23 17 17 17] dBm
	non/ partial-coherent

	G1’（G1+G4）
	[23 17 23 17] dBm
	

	G2’（G2+G5）
	[23 23 23 17] dBm
	

	G3’(G4)
	[20 17 20 17] dBm
	

	G4’(G5)
	[20 20 20 17] dBm
	

	G5’(G6)
	[20 20 20 20] dBm
	

	G6’（G0+G4）
	[23 17 20 17] dBm
	

	G7（G0+G5）
	[23 20 20 17] dBm
	

	G8（G1+G5）
	[23 20 23 17] dBm
	

	G9（G0+G6）
	[23 20 20 20] dBm
	

	G10（G1+G6）
	[23 20 23 20] dBm
	

	G11（G2+G6）
	[23 23 23 20] dBm
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