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1. Introduction

For Rel-16 Enhancements on MIMO for NR, there is a task about the potential enhancement of UL transmission power control. During the latest meetings, some agreement for full power transmission were made [2][3]:

Agreement

For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission
Agreement

For mode 1, 4Tx non-coherent UE, the new codebook subset at least includes, rank 1 TPMI= 13 defined in Rel-15 which can be used for UL full power transmission 

· FFS for the case that part of ports can deliver full power transmission

Agreement

For mode 1, 4Tx non-coherent UE, the new codebook subset
· at least includes, rank 2 TPMI=6 defined in Rel-15

· at least includes, rank 3 TPMI=1 defined in Rel-15

Agreement
For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:

· Rank 1: support {TPMI=0} and {TPMI=1}

· FFS: Details on UE capability signalling 

Agreement

For a capability 1 UE working with full power operations, for PUSCH power control, power scaling factor is fixed to 1
Agreement

· For 4 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set

· Depending on UE capability, either up to 2 or 4 SRS resources are supported

· For 2 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set

· Depending on UE capability, either up to 2 or 4 SRS resources are supported

· For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’

Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’

Agreement
· Support RRC configuration to operate in Mode1 or Mode2 subject to UE capability 

· For UE capabilty-2 and-3, gNB can configure a UE to operate in Mode 1 or Mode 2 subject to UE capability

· Note : if UE only supports Mode 1 gNB cannot configure this UE to operate in Mode 2, if UE only supports Mode 2 gNB cannot configure this UE to operate in Mode 1

· FFS: UE capability signaling discussion

· Note: capability-1 UE can be configured with RRC parameter “ULFPTx” to deliver UL full power has been agreed, exact parameter name is up to RAN2

· If gNB does not configure UE for Rel-16 full power UL transmission, Rel-16 UEs operate in Rel-15 behavior

Agreement
For 2Tx in mode 1, 

· For rank=1, TPMI=2, TPMI=0, TPMI=1 are included in new codebook subset for non-coherent UEs with power scaling defined as in [38.213] Rel-15 

· For rank=2, TPMI=0 is included in the new codebook subset

Agreement
For Mode2, 

· Power scaling factor is equal to 1 for the reported TPMI precoders that supports full power Tx

· for the other TPMI precoders, if only one SRS resource is configured, the power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports

· for the other TPMI precoders, the power scaling factor is determined by #non-zero PUSCH port/#SRS ports in the SRS resource indicated by SRI

Agreement
For Mode 1 4TX, for non-full power uplink transmission, antenna selection precoders are included in the new codebook subset following Rel-15 power scaling factor

FFS: Whether to include antenna selection precoders for full power uplink transmission

Agreement
For full power uplink transmission Mode 1, 4TX partial-coherent, the new codebook subset includes

· Rank1(CP-OFDM): TPMI = 12,13,14,15 
· Rank1(DFT-s-OFDM): TPMI = 12,13,14,15
· FFS: TPMI=16, 17, 18, 19
· FFS: Whether clarification on which port pairs are coherent is needed

In this contribution, we will continue discussing some remaining issues regarding full transmit power control mechanism including the signaling design.
2. Discussion
Based on the agreement made in RAN1#96 and the working assumption made in RAN1#97, the schemes for supporting full power Tx for UE with capability 1/2/3 are clear. One remaining issue is the reporting mechanisms for UE full power Tx capability . For a UE with capability 1, the scheme to support full power Tx is that the power scaling is removed in uplink power control (i.e., the power scale factor is 1). Thus, it is sufficient to report “UL full power tx capability” for the UE with capability 1 and no more information is needed in UE capability reporting to assist full power Tx. However, for a UE with capability 2 or 3, the agreed mode 1 mechanism or mode 2 mechanism shall be used to support full power Tx.  They are separate UE capabilities. Only reporting “UL full power Tx capability” for such a UE is not enough and extra information on supporting mode 1 or mode 2 is needed to support full power Tx.  Thus, a UE with capability 2 or 3 shall report supporting mode 1 or supporting mode 2. On the other hand, it can also indicate that the UE is able to support full power Tx if the UE with capability 2 or 3 reports supporting mode 1 or mode 2, which implies reporting both “UL full power tx capability” and supporting mode 1 or mode 2 is redundant. Therefore, a UE with capability 2 or 3 only need to report supporting mode 1 or mode 2 to indicate the capability of full power Tx.

In summary, there are actually three different modes to support full power transmission: Mode 0 for UE capability 1, Mode 1 or Mode 2 that is used by UE with capability 2/3. Meanwhile, there is no motivation for a UE to support both mode 1 and mode 2 since they provide 100% redundant function and have similar performance. UE can choose the best solution according its implementation preference. Thus, we make the follow proposal:

Proposal 1: The following UE capability signaling is supported in rel-16 for UE supporting full Tx power operations:

· For a UE capable of supporting full power UL transmission, it can report one out of the candidate values {Mode 0, Mode 1, Mode 3}

· Mode 0 for UE capability 1 (We name “UL full power tx capability” as Mode 0 here)

· Mode 1 for UE capability 2/3

· Mode 2 for UE capability 2/3

· If UE reports to support Mode 2, some additional TPMI-based reporting is reported correspondingly 

For Mode 1, we have agreed the following TPMIs for each case so far:

· 2Tx non-coherent UE

· TPMI=2,0,1 for rank 1

· TPMI=0 for rank 2

· 4Tx non-coherent/partial-coherent UE: 

· TMPI=13 and antenna selection codebooks for rank 1

· TMPI=6 for rank 2

· TMPI=1 for rank 3

· 4Tx partial-coherent UE:  additional TMPIs

· Rank1(CP-OFDM): TPMI = 12,13,14,15 

· Rank1(DFT-s-OFDM): TPMI = 12,13,14,15

· FFS: 

One remaining issue is whether the TPMIs {16, 17, 18, 19} shall be included in the new codebookSubset or not. One argument is that the TPMIs of new codebookSubset should be the same for CP-OFDM and DFT-s-OFDM. However, the Rank1 codebooks for CP-OFDM and DFT-s-OFDM are different in Rel-15. Thus, there is no strong motivation to keep the same new codebookSubset for them. Since the relative phase difference between the antennas within a subgroup of a partial-coherent UE, more TPMIs to exploiting the phase adjust within the subgroup will offer better performance. Meanwhile, in a scenario requiring full Tx power UL transmission, the UL coverage is the limiting factor while the DL coverage is not the bottleneck. Therefore, one additional bit in DCI will not impact the performance in the typical scenarios requiring full Tx power UL transmission.  Thus we have the following proposal:

Proposal 2: For a partial-coherent UE with 4Tx, the following TMPIs should be included in the new codebookSubset: 

· Rank1(DFT-s-OFDM):  TPMI=16, 17, 18, 19
There are more open issues for Mode 2 as it is more complicated than Mode 1. The first one is which TPMI(s) shall be supported in UE capability signaling. For a non-coherent UE with 2 ports, TMPI=0 and 1 are agreed for rank 1 in RAN1#98. Here, we focus on 4-Tx UE in the following discussions.
In order to facilitate the discussion, some examples of UE RF architectures for each different UE capability are illustrated as follows:

	
	4Tx

	UE capability 1
	4-1

	UE capability 2
	4-2, 4-3

	UE capability 3
	4-4, 4-5, 4-6
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From the above table and figures, we can observe that:

· For the same type of UE capability, different UEs could have different RF architectures
· For the same type of UE capability, it is difficult to have a common power control scheme for all possible UE RF architectures if it is not impossible

Thus, it is not attracting or practical to specify dedicated UE capability signaling for each possible UE RF architecture. To simplify the specification and UE/NW implementations, it is beneficial to design UE capability signaling for most of the typical UE RF architectures. Thus we shall use the following design principles to choose the TPMI groups for UE capability signaling:

· The corresponding UE capability signaling should be able to support typical UE RF architectures

· The number of the TPMI groups should be kept as small as possible

First of all, following the same design principle of UE with 2Tx, TPMI {0,1,2,3} should be supported for UE with 4Tx.

For a 4Tx UE with non-coherent or partial-coherent capability, using Mode 2 to achieve full Tx power operations implies one of the following four typical RF architectures is implemented in the UE:

· [23  17   17   17]dBm  

· [23  23   17   17]dBm  

· [20   20  20  20]dBm  

· [20   20   17   17]dBm

For the RF architecture [23  17  17  17]dBm and [23  23  17  17]dBm, the TPMI 0 and 1 can be indicated in the corresponding UE capability. 

For the RF architecture [20   20  20  20]dBm:

· Non-coherent UE

· the TPMI group of {[1 0]} and the TPMI group of {[0 1] } can be reported in the corresponding capability for the configuration of SRS resource with two antenna ports

· Partial-coherent UE

· the TPMI group of [1 0] and the TPMI group of {[0 x] | x =1, -1, j, -j} can be reported in the corresponding capability for the configuration of two antenna ports

· the TPMI group of {[1 0 x 0] | x =1, -1, j, -j} and the TPMI group of {[0  1  0  x] ] | x =1, -1, j, -j } can be reported in the corresponding capability for the configuration of four antenna ports

For the RF architecture [20   20  17   17]dBm:

· Non-coherent UE

· the TPMI group of [1 0] can be reported in the corresponding capability for the configuration of two antenna ports

· Partial-coherent UE

· the TPMI group of [1 0] can be reported in the corresponding capability for the configuration of two antenna ports

· the TPMI group of {[1 0 x 0] | x =1, -1, j, -j} can be reported in the corresponding capability for the configuration of four antenna ports

Based on the above case-by-case discussion, we have the following proposal:

Proposal 3: Rel-16 supports the UE with Mode 2 to additionally report UE capability based on the following TPMI groups

· For the non-coherent UE with the 4Tx

· Rank 1

· TPMI group of {[1 0]}  (TMPI=0)

· TPMI group of {[0 1] }  (TMPI=0)

· TPMI group of {[1  0  0  0]} (TMPI=0)

· TPMI group of {[0  1  0  0]} (TMPI=1)

· TPMI group of {[0  0  1  0]} (TMPI=2)

· TPMI group of {[0  0  0  1]} (TMPI=3)

· Rank 2

· TMPI=0, 1, 2, 3, 4,5

· Rank 3

· TMPI=0

· For the partial-coherent UE with the 4Tx

· Rank 1

· TPMI group of {[1 0]}  (TMPI=0)

· TPMI group of {[0 1] }  (TMPI=0)

· TPMI group of {[1  0  0  0]} (TMPI=0)

· TPMI group of {[0  1  0  0]} (TMPI=1)

· TPMI group of {[0  0  1  0]} (TMPI=2)

· TPMI group of {[0  0  0  1]} (TMPI=3)

· TPMI group of {[1 0 x 0] | x =1, -1, j, -j}   (TMPI=4,5,6,7)  (also represent Rank2 TMPI=1)

· TPMI group of {[0  1  0  x] ] | x =1, -1, j, -j }   (TMPI=8,9,10,11) (also represent Rank2 TMPI=4)

· Rank 2

· TMPI=0, 2, 3, 5

· Rank 3

· TMPI=0

· Note: Each TMPI group can be represented by one TPMI

For the UL grant, the size of DCI format 0_1 is determined based on the number of SRS ports. In Rel-15, since the SRS resources within the SRS resource set have the same number of SRS ports, there is no ambiguity on the DCI size. However, the working assumption supports the SRS resources with different SRS ports for Mode 2, which leads to the third open issue of DCI size ambiguity. If the size of DCI is determined by the number of antenna ports of the actually indicated SRS resource, there will exist multiple possible DCI sizes. For a given DCI, before UE finishes the decoding of DCI successfully, UE does not know which SRS resource is indicated by the SRI field of the DCI and thus the UE does not know the DCI size. The consequence is the UE has to perform multiple blind decoding for all possible DCI size. The blind decoding of DCI to address the DCI size ambiguity is not a good solution since it will complicate UE implementation and increase UE power consumption. Another solution is to fix the DCI size based on the largest number of SRS ports of all the SRS resources. That can reduce the number of blind decoding and thus reduce the UE power consumption. Therefore, the solution of fixing DCI size is preferred. 

Proposal 4: The size of DCI format 0_1 is determined based on the largest number of SRS ports of all the SRS resources within the SRS resource set with the parameter usage set to 'codebook'
The fourth open issue is also related with the configuration of SRS resources with different numbers of SRS ports within a set. In the current specification, codebookSubset can be partialAndNonCoherent only for the case of 4 antenna ports.  If the network configures a 2-port SRS resource and 4-port SRS resource simultaneously within the SRS resource set for codebook based PUSCH, and configures codebookSubset as partialAndNonCoherent, the problem is which codebook subset the UE shall use for the scheduling of 2 antenna ports?  Let us take the following partial-coherent UE as an example:

· port 0 and port 1 are coherent 
· port 2 and port 3 are coherent
There are two different ways to virtualize the four antennas into two antenna ports:

· Alt.1: each pair of coherent ports are virtualized to be one antenna port

· Alt.2: each pair of non-coherent ports are virtualized to be one antenna port

For Alt.1, the virtualized port is formed by the constructive combination of two coherent ports. Since UE can maintain the relative phase between coherent antenna ports, UE can ensure the effectiveness of each virtualized port. However, the relative phase between the two virtualized ports cannot be maintained. Thus, the UE with the two virtualized ports is non-coherent. 

For Alt.2, the virtualized port formed by combination of two non-coherent ports. The two virtualized ports can be coherent. However, the virtualized port may be a destructive combination of the two ports and UE cannot ensure the effectiveness of the virtualization. Thus it is not attracting for UE to adopt Alt.2. Thus, we have the following proposal:

Proposal 5: For the codebook-based UL PUSCH of a UE configured with a 2-port SRS resource and a 4-port SRS resource for full Tx power transmission:

· if codebookSubset is configured as nonCoherent, the DCI indicates a TPMI from the nonCoherent subset for 2-port transmission or a TPMI from the nonCoherent subset for 4-port transmission

· if codebookSubset is configured as partialAndNonCoherent, the DCI indicates a TPMI from the nonCoherent subset for 2-port transmission or a TPMI from the partialAndNonCoherent subset for 4-port transmission

· if codebookSubset is configured as fullyAndPartialAndNonCoherent, the DCI indicates a TPMI from the fullyAndPartialAndNonCoherent subset for 2-port transmission or a TPMI from the fullyAndPartialAndNonCoherent  subset for 4-port transmission

3. Conclusion

In this contribution, we continue to discuss some remaining issues regarding full transmit power. Based on the discussion we have the following proposals:

Proposal 1: The following UE capability signaling is supported in rel-16 for UE supporting full Tx power operations:

· For a UE capable of supporting full power UL transmission, it can report one out of the candidate values {Mode 0, Mode 1, Mode 3}

· Mode 0 for UE capability 1 (We name “UL full power tx capability” as Mode 0 here)

· Mode 1 for UE capability 2/3

· Mode 2 for UE capability 2/3

· If UE reports to support Mode 2, some additional TPMI-based reporting is reported correspondingly 

Proposal 2: For a partial-coherent UE with 4Tx, the following TMPIs should be included in the new codebookSubset: 

· Rank1(DFT-s-OFDM):  TPMI=16, 17, 18, 19
Proposal 3: Rel-16 supports the UE with Mode 2 to additionally report UE capability based on the following TPMI groups

· For the non-coherent UE with the 4Tx

· Rank 1

· TPMI group of {[1 0]}  (TMPI=0)

· TPMI group of {[0 1] }  (TMPI=0)

· TPMI group of {[1  0  0  0]} (TMPI=0)

· TPMI group of {[0  1  0  0]} (TMPI=1)

· TPMI group of {[0  0  1  0]} (TMPI=2)

· TPMI group of {[0  0  0  1]} (TMPI=3)

· Rank 2

· TMPI=0, 1, 2, 3, 4,5

· Rank 3

· TMPI=0

· For the partial-coherent UE with the 4Tx

· Rank 1

· TPMI group of {[1 0]}  (TMPI=0)

· TPMI group of {[0 1] }  (TMPI=0)

· TPMI group of {[1  0  0  0]} (TMPI=0)

· TPMI group of {[0  1  0  0]} (TMPI=1)

· TPMI group of {[0  0  1  0]} (TMPI=2)

· TPMI group of {[0  0  0  1]} (TMPI=3)

· TPMI group of {[1 0 x 0] | x =1, -1, j, -j}   (TMPI=4,5,6,7)  (also represent Rank2 TMPI=1)

· TPMI group of {[0  1  0  x] ] | x =1, -1, j, -j }   (TMPI=8,9,10,11) (also represent Rank2 TMPI=4)

· Rank 2

· TMPI=0, 2, 3, 5

· Rank 3

· TMPI=0

· Note: Each TMPI group can be represented by one TPMI

Proposal 4: The size of DCI format 0_1 is determined based on the largest number of SRS ports of all the SRS resources within the SRS resource set with the parameter usage set to 'codebook'
Proposal 5: For the codebook-based UL PUSCH of a UE configured with a 2-port SRS resource and a 4-port SRS resource for full Tx power transmission:

· if codebookSubset is configured as nonCoherent, the DCI indicates a TPMI from the nonCoherent subset for 2-port transmission or a TPMI from the nonCoherent subset for 4-port transmission

· if codebookSubset is configured as partialAndNonCoherent, the DCI indicates a TPMI from the nonCoherent subset for 2-port transmission or a TPMI from the partialAndNonCoherent subset for 4-port transmission

· if codebookSubset is configured as fullyAndPartialAndNonCoherent, the DCI indicates a TPMI from the fullyAndPartialAndNonCoherent subset for 2-port transmission or a TPMI from the fullyAndPartialAndNonCoherent  subset for 4-port transmission
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