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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 as follows [1]:

· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
In RAN1#94bis, #95 meetings, there were some discussions on the potential solutions for full Tx power UL transmission, and an agreement was made in RAN1 AdHoc 1901 [2] to support UE capability 1, UE capability 2 and UE capability 3 for power class 3. In RAN1#96 and RAN1#96bis meeting, some further agreements on how to support different UE capabilities were made as follows [3][4]:
Agreement

For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports

· The above applies for the cases including when UE transmitting at P_c_max

Agreement

Supported UE capabilities and supported scheme for UE capability 1

· Option 3

FFS: Whether to additionally support Option 1-2

Agreement

Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability

· FFS: For UE capability 1, if any other information is necessary

· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed

· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced

· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission

UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1

The signalling of above information does not imply any specific UE PA architecture implementation.

There were two different approaches to report UE capability 2/3 and carry on the full Tx power transmissions, each having its own advantages and disadvantages.  Different companies supported different approaches and no approach got the support of majority companies. In order to make progress, a compromise solution was agreed in RAN1#97 to support both of them in different modes as a working assumption [5]:  
Working Assumption

Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability

· A UE can be configured by the network to support full power transmission 

· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.

· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15

· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 

· FFS: Additional support of antenna selection TPMI precoders

· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI

· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.

· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI

· A set of TPMIs that deliver full power can be signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 

· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects

· The following cases are not precluded

· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]

· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports

Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD

Note: For single port, there is no SRI and TPMI

Note: Support of Mode 1, Mode 2 have separate UE capability 

In this contribution, we will continue discussing on some remaining issues regarding full transmit power control scheme(s) and propose the corresponding solutions.
2. Discussion
In RAN1#97 meeting, we reached a working assumption to support both Mode 1 and Mode 2 for supporting full Tx power UL transmission of UE with capability 2/3. This agreed solution is neither clean nor efficient, and provides duplicated functionalities unnecessarily. Moreover, Mode 2 not only requires lots of standardization efforts but also complicates the UE implementation and network implementation, which will be discussed in more details later.
On the other hand, given the lengthy debating on the support of full Tx power transmission but little progress, it is unlikely to achieve a concise and efficient solution for this issue. Thus, the agreed working assumption anyhow is a big progress to move forward although it is not a favorite one for most of the companies. 
Based on the above considerations, as a compromise for better progress, we propose to confirm the working assumption with the following modification to reduce the complexity of this solution:
Proposal 1: Confirm the working assumption to support two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability with the following modification:

· The SRS resources within a SRS resource set with usage set to ‘codebook’ have the same number of SRS port for Mode 2
The main differences of Mode 1 and Mode 2 in Proposal 1 are as follows:
· A new codebookSubset is used in Mode 1 whereas  no new codebookSubset is introduced for Mode 2

· UE capability signaling based on TPMI(s) or TPMI subset(s) can be associated with Mode 2, but cannot be associated with Mode 1
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. We need further determine the reporting mechanisms for UE capability reporting for different UE capabilities. We have agreed signaling of “UL full power tx capability” for a UE supporting full Tx power operations regardless of UE capability 1/2/3. 
· For UE capability 1: the agreed scheme is Option 3, in which the power scaling is removed in uplink power control (equivalently the power scale factor is 1). Thus, for UE capability 1, no more information is needed in UE capability reporting to assist the full power Tx. 
· For UE capability 2/3: Mode 1 and Mode 2 are supported. They shall be separate UE capabilities. Therefore, only reporting “UL full power tx capability” is not enough for such UEs and additional information is needed to report the supported mode(s). On the other hand, signaling of the support of Mode 1 or 2 also indicates the capability of “UL full power tx capability” implicitly. In this sense, for UE capability 2/3, the signaling of “UL full power tx capability” is redundant and not necessary and reporting Mode 1 or 2 is enough. 
Thus, we have the follow proposal:
Proposal 2: The following UE capability signaling is supported in rel-16 for UE supporting full Tx power operations:
· signaling of “UL full power tx capability” for UE capability 1

· signaling of “Mode 1” for UE capability 2/3

· signaling of “Mode 2” for UE capability 2/3
· signaling of “Mode 1 and Mode 2” for UE capability 2/3
For Mode 1, one remaining issue is the content of the new codebookSubset table. Couple of alternative designs was discussed in the last meetings:
· Alt.1: Only non-antenna selection TPMI precoder(s)
· Alt.2: non-antenna selection TPMI precoder + antenna selection TPMI precoder(s)
In LTE and Rel-15 design, the main motivation to support antenna selection TPMI precoders is to facilitate the reduction of UE power consumption by transmitting signals from only a subset of RF chains. The reduction of power consumption is still attractive for Rel-16 UE. Moreover, a UE supporting full Tx power operations does not need to operate with full Tx power for every UL transmission. Therefore, Alt.2 is a natural design choice for Rel-16 UE which supports full Tx power UL transmission.
The remaining issue for Alt.2 is the selection of non-antenna selection TMPI precoder(s) and antenna selection TMPI precoder(s) that will be included in the new codebookSubset. Some companies argued that only one non-antenna selection TPMI precoder is sufficient since the UE cannot maintain the relative phase between different antenna ports and different non-antenna TPMI(s) have little impact on the performance. In fact, this argument is made based on the assumption that the distribution of the relative phase is uniformly distributed with [-180, 180], which might not be aligned with real implementation. In a practical UE not supporting coherent capability, it is very likely to maintain the relative phase distributed within [-90, 90].  For this case, more non-antenna TPMI precoders can offer better performance, as we showed in our companion contribution [6]. Thus, support of more non-antenna TPMI precoders can provide more flexibility.
On the support of multiple non-antenna TPMI precoders, one concern is the larger size of DCI. 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 or two additional bits in DCI will not impact the performance in the typical scenarios requiring full Tx power UL transmission.  
Based on the above discussions, we propose to support all TPMI precoders in fullyAndPartialAndNonCoherent codebook subset defined in Rel-15 to minimize the standardization efforts:  
Proposal 3: All TPMI precoders in fullyAndPartialAndNonCoherent codebook subset defined in Rel-15 can be configured for Mode 1 to support full Tx power UL transmission. 
· The codebook subset of fullyAndPartialAndNonCoherent can be configured in Mode 1 for non-coherent UEs and partial-coherent UEs.
There are more open issues for Mode 2 as it is more complicated that Mode 1. The first one is which TPMI(s) shall be supported for the UE capability signaling. In order to facilitate the discussion, some examples of UE RF architectures belonging to different UE capabilities are illustrated as follows:

	
	2Tx
	4Tx

	UE capability 1
	2-1
	4-1

	UE capability 2
	2-2
	4-2, 4-3

	UE capability 3
	2-3
	4-4, 4-5, 4-6



[image: image1.emf]23

23

2-1

20

20

2-2

23

20

2-3



[image: image2.emf]17

17

17

17

4-2

20

20

20

20

4-3

23

23

23

23

4-1



[image: image3.emf]23

17

23

17

4-5

23

23

17

17

4-6

23

17

17

17

4-4


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 to specify dedicated UE capability signaling for each possible UE RF architectures. To simplify the specification and UE/NW implementations, it is beneficial to design UE capability signaling for the 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

For the non-coherent UE with 2Tx, if Mode 2 is used to implement full Tx power operations, the typical RF architecture is [23 20]dBm. Thus the UE capability signaling should be able to report whether the TPMI group of {[1  0]} is supported or not. 
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, the TPMI group of {[1  0  0  0]} is enough for full Tx power operation and thus it shall be included in the UE capability.
For the RF architecture [23  23  17  17]dBm, the TPMI group of {[1  0  0  0]} and TPMI group of {[0  1  0  0]} can support the full Tx power and thus are needed in the signaling of  the 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 used to report 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 used to report 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 used to report 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 used to report the corresponding capability for the configuration of two antenna ports

· Partial-coherent UE

· the TPMI group of [1 0] can be used to report 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 used to report the corresponding capability for the configuration of four antenna ports

Based on the above case-by-case discussion, we have the following proposal:
Proposal 4: Rel-16 supports the UE with Mode 2 to additionally report UE capability based on the following TPMI groups

· For the UE with the maximum UL antenna ports of two

· TPMI group of {[1 0]}
· For the UE with the maximum UL antenna ports of four

· TPMI group of {[1 0]}
· TPMI group of {[0 1] }
· TPMI group of {[1  0  0  0]}
· TPMI group of {[0  1  0  0]}
· TPMI group of {[1 0 x 0] | x =1, -1, j, -j}
· TPMI group of {[0  1  0  x] ] | x =1, -1, j, -j }
· Note: Each TMPI group can be represent by one TPMI
The second open issue of Mode 2 is how many SRS resources can be configured within the SRS resource set with usage set to “codebook”. The main argument to support up to 3 SRS resource is that the network can configure 1-port SRS resource, 2-port SRS resource and 4-port SRS resource at the same time for a 4-Tx UE for the flexibility of DCI dynamic indication. From the perspective of practical deployment, the 4-port SRS resource is used for higher-rank transmission while the 1-port or 2-port is mainly for better coverage. For a UE at the cell edge, it is very likely to schedule UL transmission with 1 or 2 layers, rather than 4 layers; while for a UE at the cell center, it is very likely to schedule UL transmission with 2 or 3 or 4 layers, rather than 1 layer. Therefore, the motivation of simultaneous configuration of 1-port SRS resource and 4-port SRS resource are not justified. On the other hand, RRC configuration can support the flexible configuration of SRS resources with different SRS ports. The additional flexibility offered by DCI supporting 3 SRS resources is still not clear yet. Thus, we have the following proposal:
Proposal 5: For Mode 2, the maximum number of SRS resources within the SRS resource set with the parameter usage set to 'codeBook' is 2
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 6: 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 7: 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
Based on the above discussions, we can see that the 2nd/3rd/4th issues are related to the support of SRS resources with different SRS ports for PUSCH. Although we propose some solutions to address these issues, the design and specification for Mode 2 would be unnecessarily complicated. Thus, we propose to ensure the SRS resources for PUSCH have the same number of SRS ports for Mode 2 as in Proposal 1.
The fifth open issue of Mode 2 is whether we should introduce any new rules for spatial filter update for the SRS resources with different number of ports. In Rel-15, NR supports up to 2 SRS resources for codebook-based PUSCH. It is up to gNB implementation to configure/update the spatial filers for each of the two SRS resources. There is not any motivation and merit to change that rule. Thus, we have the following proposal: 

Proposal 8: No new rule is introduced for the spatial relation filter update for the SRS resources with different number of ports in Mode 2.
In the above discussion, we have discussed the UE capability signaling and corresponding mechanisms to support full power transmission. One remaining issue is power scaling. Power scaling for uplink power control is specified in Rel-15 and the UE scales the Tx power by the ratio of the number of antenna ports with non-zero power to the maximum number of SRS ports. Such a power scaling design might prevent UE from full power transmission if power scaling specified in Rel-15 is re-used here for full Tx power operation. New power scaling rules shall be specified for full Tx power operation. As we discussed in previous part, UEs might report one of the three different UE capabilities for full Tx power operation. Different power scaling rules shall be specified for UEs reporting different capabilities. The detailed power scaling design for full power operations are explained in the following proposal:

Proposal 9: For a non-coherent or partial-coherent UE in full Tx power operations: 

· if it reports signaling of “UL full power tx capability” for UE capability 1, power scaling factor is equal to 1.
· if Mode 1 is configured by gNB for UE capability 2/3, the power scaling mechanism in Rel-15 can be reused.
· Specially, a new codebook subset can be configured for non-coherent UEs and partial-coherent UEs.
· if Mode 2 is configured by gNB for UE capability 2/3, 

· power scaling factor is equal to 1 for the reported TPMI precoders

· the power scaling mechanism in Rel-15 can be reused for the other TPMI precoders
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: Confirm the working assumption to support two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability with the following modification:

· The SRS resources within a SRS resource set with usage set to ‘codebook’ have the same number of SRS port for Mode 2
Proposal 2: The following UE capability signaling is supported in rel-16 for UE supporting full Tx power operations:

· signaling of “UL full power tx capability” for UE capability 1

· signaling of “Mode 1” for UE capability 2/3

· signaling of “Mode 2” for UE capability 2/3
· signaling of “Mode 1 and Mode 2” for UE capability 2/3
Proposal 3: All TPMI precoders in fullyAndPartialAndNonCoherent codebook subset defined in Rel-15 can be configured for Mode 1 to support full Tx power UL transmission. 

· The codebook subset of fullyAndPartialAndNonCoherent can be configured in Mode 1 for non-coherent UEs and partial-coherent UEs.

Proposal 4: Rel-16 supports the UE with Mode 2 to additionally report UE capability based on the following TPMI groups

· For the UE with the maximum UL antenna ports of two

· TPMI group of {[1 0]}
· For the UE with the maximum UL antenna ports of four

· TPMI group of {[1 0]}
· TPMI group of {[0 1] }
· TPMI group of {[1  0  0  0]}
· TPMI group of {[0  1  0  0]}
· TPMI group of {[1 0 x 0] | x =1, -1, j, -j}
· TPMI group of {[0  1  0  x] ] | x =1, -1, j, -j }
· Note: Each TMPI group can be represent by one TPMI
Proposal 5: For Mode 2, the maximum number of SRS resources within the SRS resource set with the parameter usage set to 'codeBook' is 2
Proposal 6: 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 7: 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
Proposal 8: No new rule is introduced for the spatial relation filter update for the SRS resources with different number of ports in Mode 2.
Proposal 9: For a non-coherent or partial-coherent UE in full Tx power operations: 

· if it reports signaling of “UL full power tx capability” for UE capability 1, power scaling factor is equal to 1.
· if Mode 1 is configured by gNB for UE capability 2/3, the power scaling mechanism in Rel-15 can be reused.
· Specially, a new codebook subset can be configured for non-coherent UEs and partial-coherent UEs.
· if Mode 2 is configured by gNB for UE capability 2/3, 

· power scaling factor is equal to 1 for the reported TPMI precoders

· the power scaling mechanism in Rel-15 can be reused for the other TPMI precoders
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