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1. Introduction
In RAN1 #96bis meeting, following agreements are captured in the chairman’s note as:
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.
Agreement
RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
· FFS: Whether to additionally support Option 1-2
· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
· Alt5: FDM multi-port simultaneous transmission

In this contribution, we further discuss on full power transmission in case of codebook based uplink transmission with multiple power amplifiers.  
2. Discussions on full power UL transmission 
2.1 UE capability signaling
In RAN1#96bis meeting, it was agreed that signalling of “UL full power tx capability” is supported regardless of UE capability 1, 2 and 3. Regarding this UE capability signaling, there are two remaining issues as follows: 
· For UE capability 1, whether additional signaling is needed or not
· For UE capability 2 and 3, details for further information on UE capability signaling.  
For UE capability 1, power control based solution (option3) was agreed in order to achieve full power UL transmission. In our understanding, the option 3 means that PUSCH power scaling parameter can be set to 1 regardless of indicated TPMI by gNB, thus additional signaling is not needed. 
On the other hand, for UE capability 2 and 3, solutions in order to support full power UL transmission are under discussion. Especially, in case of UE capability 3, it is not clear how to support full power UL transmission without additional information of TPMIs to be used for full power UL transmission. Thus, it is desirable that gNB have information on which and how many ports are equipped with full-rated PA by reporting TPMIs or group of TPMIs. One might argue that such UE capability signaling may increase capability signaling overhead. To alleviate this issue, one simple solution can be reporting restricted TPMI set such as rank1 non-coherent TPMIs. With this solution, only additional 2bit or 4bit bitmap for 2 port or 4 port cases, respectively, is needed in order to provide the information of full-rated PAs to gNB. Since non-coherent TPMIs is port selection codeword, gNB may have full information of which TPMIs across all TRIs can be used for full power UL transmission. 
Proposal1: Support UE capability signaling of supported TPMIs or group of TPMIs in addition to signaling of “UL full power tx capability” at least for UE capability 3. 

2.2 Feasibility of solutions for UE capability 2 
During the email discussion [96b-NR-07], there were intensive discussions on the clarification of schemes for UE capability 2, and the summary of outcome is as below:
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
· Small delay CDD, if applied, is transparent to RAN1 specification
· 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 codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
· UE is configured with multiple SRS resources in a set each with different number of SRS ports, e.g. 1 SRS source is configured with 1 port and another SRS resource is configured with 2 ports for the UE with 2 Tx chains.
· UE virtualizes Tx chains when configured with an SRS resource that has fewer ports than the number of Tx chains, e.g. 2 Tx chains are virtualized to transmit 1 port SRS resource
· Small delay CDD or other virtualization mechanism is applied in spec transparent manner
· UE does not virtualize Tx chains when configured with an SRS resource with number of ports equal to the number of Tx chains, e.g. 2 Tx chains transmit 2 ports SRS resource.

· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
· UE is configured with one SRS resource (without virtualization)
· 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 codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported
· A different SRS port is transmitted on each Tx chain (small delay CDD maybe transparently applied)
· gNB can coherently combine channel estimates from SRS according to TPMI when determining CQI/TPMI/RI

· Alt5: FDM multi-port simultaneous transmission
· The scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent)
· E.g., four PRBs are allocated to the UE for one layer PUSCH transmission. UE only use antenna port 0 for PUSCH transmission in PRB#0 and PRB#1, while only use antenna port 1 for PUSCH transmission in PRB#2 and PRB#3. It also could be considered as that precoding matrix [1, 0] is applied for PRB#0 and PRB#1 while precoding matrix [0, 1] is applied for PRB#2 and PRB#3.
· This is applicable to both CP-OFDM and DFT-s-OFDM
· For DFT-s-OFDM, one DFT is applied to one RB set
· This does not have spec impact on PRB bundling
· The minimal size of a RB set is 1 RB
Alt 1 is supporting new codebook subset restriction that allows UEs with the non-coherent or partial coherent transmission capability to use all or part of fully coherent TPMIs. In this way, full transmit power can be achieved. In order to further enhance the uplink performance, SD-CDD can be considered in a specification transparent manner. The only specification effort for this alternative is modifying/refining codebook subset defined in Rel-15. Also, regarding how many TPMIs to be allowed for non/partial coherent UE, using a subset of TPMIs is reasonable choice for non/partial coherent UE, since phase coherency is not guaranteed. According to UE implementation, there might be some difference between preferred TPMIs, so preferred TPMIs or TPMI group for UE capability 2 can also be reported by UE capability signaling.
Alt 3-1 and Alt 3-2 are based on the multiple SRS resources. The difference is whether or not to allow new codebook subset. According to current specification, for codebook based UL transmission, max number of SRS resource is 2 where each resource has the same number of SRS ports. Thus, in order to support these alternatives, more flexible SRS resource configuration (e.g., different SRS ports per resource) is needed. Also, in order to ensure higher-rank uplink performance, it is not clear how many SRS resources are needed and any further specification impacts are required or not. 
In Alt 5, allocated PUSCH resources are divided into two parts in the frequency domain and, in each part different subset of antenna ports is used to transmit PUSCH. So, full power UL transmission can be achieved when both antenna subsets are simultaneously transmitted. However, it seems that this alternative cannot work when the number of scheduled RB is 1. Also, large amount of specification efforts in order to support this UL transmission scheme is expected. 
Taken as a whole, it seems Alt 1 has less specification impact among the alternatives, but we suggest to have a unified solution based on Proposal 1 introducing UE capability signaling of supported TPMIs for commonly supporting UE capability 2 and 3. 
Proposal2: Alt 1 is slightly preferred, but a unified solution based on Proposal 1 introducing UE capability signaling of supported TPMIs should be supported for UE capability 2 and 3 commonly.

2.3 RRC configurable power scaling factor 
Solution applied for UE capability 1 is based on the modification of current power control mechanism. For UE capability 1, all ports are able to transmit max power (e.g. 23 dBm for PC 3). Thus, in order to achieve full power uplink transmission regardless of indicated TRI and TPMI, power scaling value of “1/2” listed in Table II for 2 antenna ports can be replaced to 1. Although above power control may have the benefit of coverage enhancement, transmitting full power may increase uplink interference and UE battery consumption. So it is preferred to gNB indicates whether or not to apply full power UL transmission. 
Table I. Precoding matrix W for single-layer transmission using two antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 5
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Table II. Power scaling values for 2 antenna ports.
	
	
	Non-coherent UE
	Coherent UE

	
	
	Non-coherent TPMI
	Non-coherent TPMI
	Fully coherent TPMI

	Rank 1
	TPMI index
	0,1
	0,1
	2~5

	
	Ratio 
	1/2
	1/2
	1

	Rank 2
	TPMI index
	0
	0
	1,2

	
	Ratio 
	1
	1
	1


To this end, an exemplary power control algorithm can be that UE scales the linear value of PUSCH power by  and the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. Here,  can be determined by RRC parameter, for instance,  can be either 1 or 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 which is the same as Rel-15 scaling factor. For UE capability 3, this approach is also applicable if the gNB has information on actual UE PA structure.

Proposal3: If UE reports UE capability 1 and 3, UE scales the linear value of PUSCH power by  and the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, where  can be configured by RRC parameter.
·  can be either 1 or 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.

3. Conclusion
In this contribution, we further discussed on full power uplink transmission for non/partial coherent UE. Based on the discussion, we have the following proposal as:

Proposal1: Support UE capability signaling of supported TPMIs or group of TPMIs in addition to signaling of “UL full power tx capability” at least for UE capability 3. 
Proposal2: Alt 1 is slightly preferred, but a unified solution based on Proposal 1 introducing UE capability signaling of supported TPMIs should be supported for UE capability 2 and 3 commonly.
[bookmark: _GoBack]Proposal3: If UE reports UE capability 1 and 3, UE scales the linear value of PUSCH power by  and the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, where  can be configured by RRC parameter.
·  can be either 1 or 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.
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