3GPP TSG RAN WG1 #98bis		  R1-1910025
Chongqing, China, October 14th – 20th, 2019
Agenda Item:     7.2.8.4
Source:	Spreadtrum Communications
Title:	Discussion on full TX power for UL transmission
Document for:	Discussion and decision

[bookmark: _Ref494215420]Introduction
In RAN1 #1901, three different capabilities were agreed to support full TX power UL transmission at least for codebook based UL transmissions for non-coherent and partial/non-coherent capable UEs for power class 3  [1].
Agreements
Full TX power UL with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:
·  UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability
· FFS: detailed power scaling description 
· Note: Full Tx power means UE delivers total power of 23dBm for PC3
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability
FFS: Whether all three capabilities will be specified or a subset will be specified
FFS: UE capability signalling/reporting details
Note: Two or more of the above capabilities could be merged depending on the further details.

In RAN1#97, a positive progress about the schemes for UL full power TX for UE capability 2 and UE capability 3 has been achieved [2]:

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

Furthermore, in RAN1#98 there were the following agreements about mode 1, mode 2 and UE capability 1 [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 

Conclusion
For mode 2, no additional rule for spatial filter update for SRS resources with different number ports
Agreement
For a capability 1 UE working with full power operations, for PUSCH power control, power scaling factor is fixed to 1
Agreement
For a UE working with Mode1 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: reuse Rel-15 power scaling mechanism.
· Alt2: power scaling factor is configured. 
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted
· Alt5: For the precoders in the new codebook subset for full power transmission, the power scaling factor is 1.

Agreement
For a UE working with Mode2 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: power scaling factor is determinded by the reported TPMI precoders. 
· Alt2: power scaling factor is configured.
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted
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’

In this contribution, we present our opinions on mode 1, mode 2 and UE capability 1. In addition, some discussions on full coherent UE for full power transmission are also provided.

Discussion
· For UE capability 2 and 3
Fortunately, after great effort, there is one working assumption on schemes for UL full power Tx for UE capability 2 and 3 in RAN1#97. Considering different benefits and drawbacks of mode 1and mode 2, e.g., for mode 1 new codebook subset would be introduced, while SRS overhead would be increased for mode 2, we think the WA should be supported for UE capability 2 and 3 depending on UE capability.
Proposal 1: Confirm the WA from RAN1#97 for capability 2 and 3.
For Mode 1:
For mode 1, in the case where some antennas of UE are blocked, only utilizing part of antennas could achieve at least similar performance compared with utilizing all of antennas, while UE power saving could be achieved. Thus, we prefer to include antenna selection codebook in new codebook subset.
Proposal 2: For mode 1, the new codebookSubset could include antenna selection TPMI precoder.
Last meeting, it has agreed to include non-antenna selection codebook in new codebook subset to support full power transmission. In principle, combing part of ports could also deliver full power transmission. However, to reduce the overhead and differentiate from mode 2, we prefer that only codebooks without zero ports in new codebook subset could support full power transmission.
Proposal 3: For mode 1, only codebooks without zero ports in the new codebook subset support full power transmission.
Regarding to power scaling scheme for mode 1 to support full power transmission, considering only codebook with non-zero ports could achieve full power transmission, we prefer Alt3, where power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
Proposal 4: For mode 1, support Alt3: power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
For Mode 2:
Compared with mode 1, mode 2 supports virtualization by configuring SRS resources with different SRS ports in a SRS resource set. For example, if a UE with non-full rated PA structure of [17dBm, 17 dBm, 17 dBm, 17 dBm], in order to support full power transmission for each rank, the UE can be configured with three SRS resources in a set: one SRS resource with one port, one SRS resource with two ports, one SRS resource with four ports. For rank = 1, four Tx chains could be virtualized into one port to support full power transmission by transmitting one 1-port SRS resource. For rank = 2, four Tx chains could be virtualized into two ports to support full power transmission by transmitting one 2-port SRS resource. Thus, {TPMI=0} and {TPMI=1} for 2 Tx for rank=1 should also be supported to indicate full power transmission for UE with 4 Tx for rank=1. Furthermore, considering mode 2 should support full power transmission for UE with capability 3, non-virtualized antenna selection codebook should also be supported. For partialAndNonCoherent  UE with 4 ports, if UE support  for full power transmission for rank=1, then it is natural to support for full power transmission for rank=1. Thus, only one TPMI to be reported is enough for this case. Table 2 provides the specific TPMI precoders signaled by UE for different number of Tx and rank to support full power transmission for mode2.
Table 1. Signaled TPMI/TPMI group by UE with 4 ports to support full power transmission for mode 2
	
	Rank-1
	Rank-2
	Rank-3

	TPMI/TPMI group of nonCoherent UE with 4 ports
	
i.e., TPMI=0,1,2,3
	,

i.e.,TPMI = 0,1,2,3,4,5
	
i.e., TPMI=0

	TPMI/TPMI group of partialAndNonCoherent  UE with 4 ports
	


i.e., TPMI = 0,1,2,3,{4,5,6,7},{8,9,10,11}
	,

i.e.,TPMI = 0,2,3,5
	
i.e., TPMI=0



Proposal 5: TPMI/TPMI group signaled by UE with 4 ports to support full power transmission for mode 2 is as shown in Table 1
Regarding to power scaling scheme for mode 2 to support full power transmission, considering TPMIs to support full power transmission are signaled by UE to gNB, in our opinion, it is natural to determine the power scaling factor by the reported TPMI precoders. Specifically, if the indicated SRI/TPMI by NW is from the TPMIs signalled by UE to support full power transmission, the power scaling factor is 1; otherwise, we should reuse Rel-15 power scaling factor determination.
Proposal 6: For mode 2, support Alt.1: power scaling factor is determined by the reported TPMI precoders.
· If the indicated SRI/TPMI by NW is from the TPMIs signalled by UE to support full power transmission, the power scaling factor is 1;
· Otherwise, reuse Rel-15 power scaling factor. 

· For UE capability 1:
In RAN1 #96b, it was agreed that signalling of  “UL full power tx capability” is supported for UEs with full power uplink transmission capacity. For UE capability 1 where full rated PAs on each Tx chain is supported, in our opinion, no additional signaling information is needed. 
Proposal 7: For UE capability 1, no additional information other than signalling of “UL full power tx capability” is needed.

· For full-coherent UE
During previous RAN1 meetings, there are some discussions on whether full TX power UL transmissions should also be supported by full-coherent UE. In general, the function of UL power control could also be used for interference management other than coverage enhancement. In Rel-15, full-coherent UEs could support full power transmission for some TPMIs with no zero PUSCH ports. If gNB wants full TX power UL transmission for full-coherent UEs, it could always schedule some TPMIs with no zero ports. There is no need to introduce additional capability signaling for full-coherent UEs to support full power UL transmission.
Proposal 8: Not need to extend Rel-16 UL full power transmission schemes specified for non-coherent and partial/non-coherent UE to full-coherent UE.

Conclusion
[bookmark: _GoBack]In this contribution, we provide our opinions on new codebook subset for mode 1, UE capability signaling including TPMI/TPMI group consideration, and power scaling schemes. Furthermore, full power transmission for full coherent UE is also discussed
Proposal 1: Confirm the WA from RAN1#97 for capability 2 and 3.
Proposal 2: For mode 1, the new codebookSubset could include antenna selection TPMI precoder.
Proposal 3: For mode 1, only codebooks without zero ports in the new codebook subset support full power transmission.
Proposal 4: For mode 1, support Alt3: power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
Proposal 5: TPMI/TPMI group signaled by UE with 4 ports to support full power transmission for mode 2 is as shown in Table 1.
Table 1. Signaled TPMI/TPMI group by UE with 4 ports to support full power transmission for mode 2
	
	Rank-1
	Rank-2
	Rank-3

	TPMI/TPMI group of nonCoherent UE with 4 ports
	
i.e., TPMI=0,1,2,3
	,

i.e.,TPMI = 0,1,2,3,4,5
	
i.e., TPMI=0

	TPMI/TPMI group of partialAndNonCoherent  UE with 4 ports
	


i.e., TPMI = 0,1,2,3,{4,5,6,7},{8,9,10,11}
	,

i.e.,TPMI = 0,2,3,5
	
i.e., TPMI=0



Proposal 6: For mode 2, support Alt.1: power scaling factor is determined by the reported TPMI precoders.
· If the indicated SRI/TPMI by NW is from the TPMIs signalled by UE to support full power transmission, the power scaling factor is 1;
· Otherwise, reuse Rel-15 power scaling factor. 
Proposal 7: For UE capability 1, no additional information other than signalling of “UL full power tx capability” is needed.
Proposal 8: Not need to extend Rel-16 UL full power transmission schemes specified for non-coherent and partial/non-coherent UE to full-coherent UE.
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