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Introduction
For Rel-16, the solutions on further full power enhancement have been discussed. According to a working assumption made in RAN1#97[1], this issue has been converged as two modes. In RAN1#98 and RAN1#98bis [2] [3], the details on these two modes were discussed, and the progress was made as below.
	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

Agreements
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

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

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

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

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

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

Agreements
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

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 

· 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’


We discuss the remaining issues on full power transmission for codebook based PUSCH in this contribution.
Discussion on Full TX Power for UL transmission for Rel-16
Remaining issues on Mode 1
For Mode 1, UE can be configured with one or more SRS resources with same number of SRS ports within an SRS resource set which usage is set to ‘codebook’. The allowed codebook for non-coherent and partial-coherent UEs should be extended, while PA assumption and power scaling scheme are kept the same as in Rel-15. Remaining issues are listed as follows.
· Issue #1: FFS aspects as follows for partial-coherent UE.
The candidate new codebook subset for 4Tx partial-coherent UE
· 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
· Issue #2: FFS: Whether to include antenna selection precoders for full power uplink transmission (for 4Tx non-coherent UE).
· Issue #3: How to allow the implementation of having random phase between non-coherent TX ports for non-coherent and partial-coherent UEs.
Regarding issue #1, the ability of partial coherent UE which is to control relative phase between (coherent) antenna ports must be taken into account. Specifically, although the relative phase cannot be controlled between coherent port groups [0, 2] and [1, 3], the relative phase could be controlled between ports within each coherent port group. Rank 1 TPMI =16, 17, 18, 19 for DFT-s-OFDM waveform cannot be represented by TPMI = 12, 13, 14, 15 which have been already agreed, so it is reasonable to allow Rank 1 TPMI =16, 17, 18, 19 for DFT-s-OFDM waveform UE.
As for coherent port pairs for partial-coherent UE, it is straightforward to follow the scheme in Rel-15 which means no clarification is needed but there is an assumption, i.e. port 0 and 2 are coherent pair, and port 1 and 3 are coherent pair.
Proposal 1: For partial-coherent UE with DFT-s-OFDM in mode 1, 4TX Rank 1, TPMI 16, 17, 18, 19 should be allowed.
· No need to further clarify which port pairs are coherent in RAN1 spec.
Regarding issue #2, if the TPMI(s) with part of ports can deliver full power transmission, it needs power capability report for such TPMI(s) as in mode 2. Taking into account that this case can be well supported in Mode 2, the usages and benefits of further supporting antenna selection TPMIs reaching full rated power in Mode 1 should be fully evaluated. 
Regarding issue #3, the non-coherent and partial-coherent UE cannot ensure the relative phase indicated by new allowed TPMIs for full power, and consequently, from the spec perspective, the random/uncontrolled relative phase(s) between TX ports for non-coherent and partial-coherent UE should be specified. In practice, the precoding matrices for the new extended TPMIs are shown in Table 1.
Table 1. Random phase between TX ports for new TPMI(s) for non-coherent and partial-coherent UE
	
	New TPMI(s)
	Precoding matrices in reality

	Non-coherent
2TX
	Rank 1, TPMI=2
	


	Non-coherent
4TX
	Rank 1, TPMI=13
	


	
	Rank 2, TPMI=6
	


	
	Rank 3, TPMI=1
	


	Partial-coherent
4TX
	Rank 1, TPMI=12, 13, ..., 19
	







, , , , , , , 

	


Note: , ,  are complex numbers of module 1, and reflect any phase that UE may generate.


Alternatively, it can be further considered to specify requirements for non-coherent Tx ports for UE in Mode1 in RAN4. In Rel-15, RAN4 only specifies requirements on UL MIMO coherence as seen in Appendix, but no description on requirements for UE with non-coherent ability due to the fact that combining non-coherent ports into one layer is not allowed. Hence if RAN1 may conclude to deliver this issue to RAN4, an LS to inform them the relative phase issue and ask them to take it into account is suggested. 
Proposal 2: To reflect the random/uncontrolled relative phase(s) between TX ports for non-coherent and partial-coherent UE, downselect one from the following options:
· [bookmark: _GoBack]Option 1: Specify the precoding matrices for new TPMI(s) as shown in Table 1 in RAN1.
· Option 2: Specify the requirement of relative phase(s) between non-coherent TX ports in RAN4. Send an LS to RAN4 on this.
Remaining issues on Mode 2
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 power capability report per TPMI or TPMI group to support higher power scaling factor(s) compared to Rel-15. 
The following remaining issues for mode 2 should be handled.
· How to deliver power capability per TPMI from UE to gNB
· How to indicate SRI, TPMI and number of layers from gNB to UE
1.1.1  Scheme to deliver power capability per TPMI from UE to gNB
For non-coherent 2 port UE, it has been agreed to deliver the power information for TPMI 0 and 1. The remaining issue is the details on UE capability signalling which should be designed in a uniform way as for non-coherent 4 port UE.
For 4 port UE, as shown in Table 2, we have
· For non-coherent UE, there are 11 TPMIs which need to be determined through power capability report.
· For partial-coherent UE, there are 13 TPMIs or TPMI groups which need to be determined through power capability report. 
Table 2. TPMI precoders which need power capability report for non-coherent/partial-coherent 4 port UE
	
	Rank 1
	Rank 2
	Rank 3

	Non-coherent UE
	TPMI: 0, 1, 2, 3




, , , 
	TPMI: 0, 1, 2, 3, 4, 5






, , , , , 
	TPMI: 0



	Partial-coherent UE
	TPMI: 0, 1, 2, 3, {4, 5, 6, 7}, {8, 9, 10, 11}




, , , ,

,


	TPMI: 0, 1, 2, 3, 4, 5






, , , , , 
	TPMI: 0




In order to unify the UE capability reporting, the approach of using the bitmap is recommended. Specifically, each bit in the bitmap corresponds to a TPMI or a group of TPMIs, and then the candidate bit value could be: 1- support full rated power, 0- not support full rated power.
· It should be noticed that only 11 bits are sufficient for both non-coherent and partial-coherent 4 port UE. 
· Notice that, for partial-coherent UE, TPMI =1 for rank2 should have the same full Tx power capability as TPMI = {4, 5, 6, 7} for rank1, and also TPMI = 4 for rank 2 should have the same power capability as TPMI = {8, 9, 10, 11} for rank1.
Proposal 3: For reporting power capability for TPMI(s) in mode2 for 4 TX UE, a bitmap is used to report power capability, and each bit corresponds to a TPMI or a group of TPMIs
· The candidate bit value could be: 1- support full rated power; 0- not support full rated power.
· Note that 11 bits are enough for both non-coherent and partial-coherent 4 port UE. 
Besides, when a UE with 4 antenna ports also supports 2 virtualized antenna port implementation, the UE should additionally indicate its full Tx power capability for 2-port TPMIs. 
1.1.2  Scheme to indicate SRI and TPMI and number of layers from gNB to UE
It has been agreed that up to 4 SRS resources should be supported in mode 2 for usage set to ‘codebook’ in a SRS resource set. The size of SRI field in DCI for codebook based PUSCH which depends on higher layer parameters is at most 2 bits which indicates one of at most 4 SRS resources in one SRS resource set.
Regarding the DCI field of precoding information and number of layers, the required number of bits depends on number of SRS ports and maximum number of layers the UE can support. For 1 port, there is no precoding information and number of layers field. For 2 port and 4 ports, the size of precoding information and number of layers field depends on the maximum of layers UE supports. 
But in mode 2 the number of ports is indicated through SRI in DCI, it is not proper to determine the size of one field in DCI depending on another field in the same DCI. The straightforward extension is to determine the size of precoding information and number of layers field in DCI based on the maximum number of ports among the SRS resources in one SRS resource set with usage of codebook. 
Proposal 4: The size of precoding information and number of layers field in DCI is determined based on the maximum number of ports among the SRS resources in the SRS resource set with usage of codebook.
Conclusions
In this contribution, we analyzed the full power scheme for NR Rel-16 power control and provide observation and proposals as follows.
Proposal 1: For partial-coherent UE with DFT-s-OFDM in mode 1, 4TX Rank 1, TPMI 16, 17, 18, 19 should be allowed.
· No need to further clarify which port pairs are coherent in RAN1 spec.
Proposal 2: To reflect the random/uncontrolled relative phase(s) between TX ports for non-coherent and partial-coherent UE, downselect one from the following options:
· Option 1: Specify the precoding matrices for new TPMI(s) as shown in Table 1 in RAN1.
· Option 2: Specify the requirement of relative phase(s) between non-coherent TX ports in RAN4. Send an LS to RAN4 on this.
Proposal 3: For reporting power capability for TPMI(s) in mode2 for 4 TX UE, a bitmap is used to report power capability, and each bit corresponds to a TPMI or a group of TPMIs
· The candidate bit value could be: 1- support full rated power; 0- not support full rated power.
· Note that 11 bits are enough for both non-coherent and partial-coherent 4 port UE. 
Proposal 4: The size of precoding information and number of layers field in DCI is determined based on the maximum number of ports among the SRS resources in the SRS resource set with usage of codebook.
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Appendix: RAN4 requirements on UL MIMO coherence
The RAN4 requirements for UL MIMO coherence can be found in TS 38.101-1.
[bookmark: _Toc526340361]6.4D.4	Requirements for coherent UL MIMO
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna port is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements when all the following conditions are met within the specified time window:
- UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
- UE remains in DRX active time (UE does not enter DRX OFF time)
- No measurement gap occurs
- No instance of SRS transmission with the usage antenna switching occurs
- Active BWP remains the same
- EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PScell or SCell(s))
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