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1. Introduction
In RAN1 #96b meeting, the following on full power uplink transmission has been agreed [1].
	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. 
· 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 provide some discussions on uplink full power transmission.
2. Discussion
2.1 UE capability 2
In last meeting, there were 3 alternatives to support full power transmission for UE capability 2, where Alt1 and Alt3 are different ways to define spec to support antenna virtualization, which does not have fundamental difference. Alt5 is to apply a port cycling for different RB sets. 
Therefore the 3 alternatives can be divided into 2 categories: 
· Cat1: Support full power transmission based on antenna virtualization (Alt1, Alt3)
· Cat2: Support full power transmission based on port cycling in FDMed manner (Alt5)
 
In Rel-15, Cat1 is applied for PUSCH scheduled by DCI format 0_0 and DCI format 0_1 when number of SRS port is 1. By Cat2, UE can transmit PUSCH in different RB sets by different port. Then to support full power transmission, for 2Tx UE, gNB cannot schedule 1 PRB, and for 4Tx UE, gNB cannot schedule less than 4 PRBs. 
There is supposed to be some benefit for Cat2 with regard to link adaptation accuracy compared to Cat1. However in real implementation, there could be some potential issues for link adaptation accuracy for Cat2 as well. The issue is from bandwidth mismatch between PUSCH and SRS. For Cat2, different port is applied to different RB sets, but the RB set relies on the scheduled PRBs, which could be different in different transmission occasion and different from the allocated RBs in SRS. Thus the measured MCS from SRS could be based on a different port cycling pattern from that applied to the scheduled RBs. The OLLA may help to reduce impact of MCS mismatch, but since the resource allocation could be different for different transmission occasion, the OLLA cannot always help. Thus there could still be some link adaptation accuracy issue for Cat2 as well.
Table 1 illustrates system level evaluation results for both Cat1 and Cat2, where it can be observed that antenna virtualization could have better performance than port cycling. The detail simulation assumption is illustrated in Table A-1 in appendix, where the maximum number of layers is restricted to be 1 in order to observe more impact on capability2 UE, and the MIMO transmission scheme is based on SU-MIMO. To observe more impact from the power scaling, only open-loop power control is modelled. 
 
Table 1: System level evaluation results for capability2 UE
	
	5% UPT [Mbps]
	50% UPT [Mbps]
	95% UPT [Mbps]
	Average UPT [Mbps]

	Fully coherent UE
	0.0675
	100.00%
	0.2196
	100.00%
	0.6397
	100.00%
	0.288
	100.00%

	Cat 1 (virtualization)
	0.0647
	95.85%
	0.1836
	83.61%
	0.5928
	92.67%
	0.2553
	88.65%

	Cat 2 (port cycling)
	0.061
	90.37%
	0.1401
	63.80%
	0.4808
	75.16%
	0.2032
	70.56%



To support antenna virtualization, Alt1 and Alt3 could be considered as different spec impacts to support antenna virtualization. However, since Alt3-1 has been partially supported in Rel-15, it is straight-forward to support Alt3-1, where different SRS resources for CB can be configured with different number of antenna ports. Another possible way is to use some lower layer signalling to change the SRS parameters to avoid RRC reconfiguration overhead, e.g. number of antenna ports. 
Observation 1: For capability2 UE, the performance of antenna virtualization is better than port cycling.
Proposal 1: To support full power transmission for capability 2 UE, Alt3 should be supported, where Alt3-1 is slightly preferred compared to Alt3-2.
2.2 UE capability 3
For UE capability 3, a UE can support full power transmission for some antenna ports. Thus UE is able to support full power transmission for some TPMIs, where the “strong” antenna ports are enabled. Then when such precoders are indicated, UE does not need to additionally scale the transmission power. Therefore for capability3 UE, UE does not need to additionally scale the transmission power for some precoders.
Proposal 2: For capability3 UE, UE does not need to additionally scale the transmission power for some precoders.
2.3 UE capability signalling
Based on the agreements in last meeting, there are two options for UE to report how it supports full power transmission:
Option 1: UE reports whether it supports full power transmission per precoder
Option 2: UE reports its power scaling scheme for full power transmission
The details of option 2 is unclear. To support UE capability 1-3, the straight-forward way is to report whether UE supports full power transmission per precoder. If UE reports it supports full power transmission for all non-coherent precoders, the UE falls into UE capability 1 category. If UE reports it supports full power transmission for a subset of non-coherent transmission, the UE belongs to UE capability 3. If UE reports it cannot support full power transmission for all non-coherent precoders, the UE is for UE capability 2. Therefore option 1 could provide enough information to gNB.
Observation 2: To support UE reports whether it supports full power transmission per precoder could support all types of UE capability.
Proposal 3: On UE capability signalling, it should be supported that UE reports whether it supports full power transmission per precoder, and when UE does not report corresponding capability, it means UE does not support full power transmission for non-coherent/partial-coherent based precoders.
2.4 Full power transmission for PUSCH associated with PT-RS
In Rel-15, non-codebook based transmission could support full power transmission when PT-RS is not present. But when PT-RS is present, UE is not able to support full power transmission for rank>1 case. According to the text defined in 38.214 below, for non-codebook based transmission, the UL-PTRS-power can only be set to “00”. Thus there would be some power reduction for symbols with PT-RS, which would result in different transmission power for PUSCH symbols with and without PT-RS, as well as performance degradation. To support full power transmission for non-codebook based transmission, it should be supported that ptrs-Power could be set to “01”. 
	
When the UE is scheduled with Qp={1,2} PT-RS port(s) in uplink and the number of scheduled layers is ,





-	If the UE is configured with higher layer parameter ptrs-Power, the PUSCH to PT-RS power ratio per layer per RE  is given by , where  is shown in the Table 6.2.3.1-3 according to the higher layer parameter ptrs-Power, the PT-RS scaling factor  specified in subclause 6.4.1.2.2.1 of [4, TS 38.211] is given by and also on the Precoding Information and Number of Layers field in DCI.
-	The UE shall assume ptrs-Power in PTRS-UplinkConfig is set to state "00" in Table 6.2.3.1-3 if not configured or in case of non-codebook based PUSCH.

Table 6.2.3.1-3: Factor related to PUSCH to PT-RS power ratio per layer per RE 
	
UL-PTRS-power / 
	
	
The number of PUSCH layers ( )

	
	1
	2
	3
	4

	
	All cases
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial and non- coherent and non-codebook based
	Full coherent
	Partial coherent
	Non-coherent and non-codebook based

	00
	0
	3
	3Qp-3
	4.77
	3Qp-3
	6
	3Qp
	3Qp-3

	01
	0
	3
	3
	4.77
	4.77
	6
	6
	6

	10
	Reserved

	11
	Reserved






Observation 3: When PT-RS is present and for rank>1 non-codebook based transmission, Rel-15 UE cannot support full power transmission. 
Proposal 4: To support full power transmission, it should be supported that ptrs-Power could be set to “01” for non-codebook based transmission.
3. Conclusion
In this contribution, we discussed the mechanisms to support full power transmission for UE with multiple PAs. Based on the discussion, the following observations are achieved.
Observation 1: For capability2 UE, the performance of antenna virtualization is better than port cycling.
Observation 2: To support UE reports whether it supports full power transmission per precoder could support all types of UE capability.
Observation 3: When PT-RS is present and for rank>1 non-codebook based transmission, Rel-15 UE cannot support full power transmission. 
Based on the observations above, we achieved the following proposals:
Proposal 1: To support full power transmission for capability 2 UE, Alt3 should be supported, where Alt3-1 is slightly preferred compared to Alt3-2.
Proposal 2: For capability3 UE, option 3 is supported, where UE does not need to additionally scale the transmission power for some precoders.
Proposal 3: On UE capability signalling, it should be supported that UE reports whether it supports full power transmission per precoder, and when UE does not report corresponding capability, it means UE does not support full power transmission for non-coherent/partial-coherent based precoders.
Proposal 4: To support full power transmission, it should be supported that ptrs-Power could be set to “01” for non-codebook based transmission.
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Appendix – Simulation Assumption
Table A-1: Simulation Assumption
	Parameter
	Value

	Scenario
	Dense Urban Macro

	gNB antenna structure
	(M, N, P) = (1, 1, 2)

	UE antenna structure
	(M, N, P) = (1, 1, 2)

	Subcarrier spacing
	15 kHz

	Carrier frequency
	3.5 GHz

	System bandwidth
	10 MHz

	Scheduler 
	PF

	Cell association
	RSRP based

	gNB receiver
	MMSE-IRC

	UL power control
	P0=-100dBm, alpha=0.8

	UE maximum Tx power
	23 dBm

	Waveform 
	CP-OFDM

	Maximum rank
	1

	MIMO scheme
	SU-MIMO
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