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1. Introduction
In RAN1 AH1901 meeting, the following on full power uplink transmission has been agreed [1].
Agreement
Full TX power UL transmission 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

[bookmark: _GoBack]In this contribution, we provide some discussions on uplink full power transmission.
2. Discussion
In last meeting, 3 types of UE capability have been agreed, where UE capability 1 and capability 3 can support full power transmission for some or all non-coherent precoders, and UE capability 2 cannot support full power non-coherent based precoders. Instead, UE capability 2 should rely on some coherent precoders based on some small delay CDD like schemes, which would result in performance degradation. In addition to the 3 UE capabilities, another UE capability is that UE cannot support full power transmission.
The UE capabilities can be combined into one UE capability. There are two options to combine them:
· Option 1: UE reports a bit-map for antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.
· Option 2: UE reports number of antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.

Some RF related issues should be considered for the down-selection. Therefore an LS can be sent to RAN4 for the further down-selection.
Proposal 1: Support one of the following options to combine the UE capabilities and send an LS to RAN4 for further down-selection. 
· Option 1: UE reports a bit-map for antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.
· Option 2: UE reports number of antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.

Further 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







Proposal 2: 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 proposals are achieved.
Proposal 1: Support one of the following options to combine the UE capabilities and send an LS to RAN4 for further down-selection. 
· Option 1: UE reports a bit-map for antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.
· Option 2: UE reports number of antenna ports that can support full power transmission. If UE capability is not reported, UE cannot support full power transmission.
Proposal 2: 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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