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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution we discuss the remaining issues for PHR reporting in NR-U based on the LS from RAN1 in R1-1911585(R2-1914068).
[bookmark: OLE_LINK8][bookmark: _Ref129681832]Power headroom reporting in R15 with supplementary uplink
In R15 NR, supplementary uplink was introduced for enhancing the range of UL transmission. There are possible scenarios for UL configurations for UL/SUL and this can be summarized by the following table:
[image: ]
Table 1: Possible configurations for NUL and SUL
From this table, we can see that the following possible scenarios if SUL is configured
· PUSCH or SRS switching can be configured for both NUL and SUL or one of the UL carriers
· It is possible to configured SRS switching for one UL carrier and PUSCH for another
· PUCCH can only be configured on one UL carrier

With the above scenarios, it needs to further decide how to report PHR in different cases. Based on TS 38.213, the following has been specified for Type 1 and Type 3 when the UE does not have simultaneous transmission on NUL and SUL. 

Type 1: TS 38.213 Section 7.7.1
	If a UE is configured with two UL carriers for a serving cell and the UE determines a Type 1 power headroom report for the serving cell based on a reference PUSCH transmission, the UE computes a Type 1 power headroom report for the serving cell assuming a reference PUSCH transmission on the UL carrier provided by higher layer parameter pusch-Config. If the UE is provided higher layer parameter pusch-Config for both UL carriers, the UE computes a Type 1 power headroom report for the serving cell assuming a reference PUSCH transmission on the UL carrier provided by higher layer parameter pucch-Config. If pucch-Config is not provided to the UE for any of the two UL carriers, the UE computes a Type 1 power headroom report for the serving cell assuming a reference PUSCH transmission on the non-supplementary UL carrier. 



Type 3: TS38.213 Section 7.7.3
	
If a UE is configured with two UL carriers for a serving cell and the UE determines a Type 3 power headroom report for the serving cell based on a reference SRS transmission, the UE computes a Type 3 power headroom report for the serving cell assuming a reference SRS transmission on the UL carrier provided by higher layer parameter pucch-Config. If pucch-Config is not provided to the UE for any of the two UL carriers, the UE computes a Type 3 power headroom report for the serving cell assuming a reference SRS transmission on the non-supplementary UL carrier.



The following specification has been captured in Section 7.7 for the case of simultaneous transmission on NUL and SUL.
	If a UE 
-	is configured with two UL carriers for a serving cell, and 
-	determines a Type 1 power headroom report and a Type 3 power headroom report for the serving cell 
the UE
-	provides the Type 1 power headroom report if both the Type 1 and Type 3 power headroom reports are based on respective actual transmissions or on respective reference transmissions
-	provides the power headroom report that is based on a respective actual transmission if either the Type 1 report or the Type 3 report is based on a respective reference transmission



Based on the above spec, the PH reporting in R15 when SUL is configured can be summarized with the following table.

	Actual transmissions

Configurations	
	Simultaneous ULs
	One UL
	Neither

	SRS switching + SRS switching 
	Real Type 3
	Real Type 3
	Virtual Type 3NOTE4

	PUSCH +SRS switching
	Real Type 1
	Real Type 1 or real Type 3NOTE2
	Virtual Type 1NOTE1

	PUSCH + PUSCH
	Real Type 1
	Real Type 1
	Virtual Type 1NOTE3



NOTE1: refers to TS 38.213 Section 7.7
NOTE2: refers to TS 38.213 Section 7.7 
NOTE3: refers to TS 38.213 Section 7.7.1
NOTE4: refers to TS 38.213 Section 7.7.3

PHR in NR-U
In the last meeting, an LS is sent from RAN2 with the following issue:
	RAN2 acknowledged one problem with current defined power headroom reporting functionality for NR-U when PHR is reported for a serving cell configured with two UL carriers.  Due to LBT failures, gNB is not aware of whether a PHR type-1 or PHR type-3 is reported when the PHR MAC CE is transmitted on a configured grant, since gNB is not aware of the first transmission attempt of the TB including the PHR MAC CE. 
RAN2 discussed several options on how to solve the identified problem, e.g. reporting a predefined existing PHR-type (e.g. PHR type 1 or type 3) for cases when the PHR MAC CE is transmitted on a configured grant on an unlicensed cell, but did not conclude on any solution. 


In NR-U, UE performs LBT before UL transmission on configured grant resource.  If UL LBT fails for PHR transmission on configured grant, the UE may attempt to transmit same PHR report in the following configure grant resources. But at the network, the network does not know when the PHR was originally generated which determines the PHR types. In R15, the following criteria for determining the actual transmission and PH type is specified in the RAN2 spec 38.321, with the part relevant to configured grant highlighted in yellow:
	The MAC entity determines whether PH value for an activated Serving Cell is based on real transmission or a reference format by considering the configured grant(s) and downlink control information which has been received until and including the PDCCH occasion in which the first UL grant for a new transmission that can accommodate the MAC CE for PHR as a result of LCP as defined in clause 5.4.3.1 is received since a PHR has been triggered if the PHR MAC CE is reported on an uplink grant received on the PDCCH or until the first uplink symbol of PUSCH transmission minus PUSCH preparation time as defined in clause 7.7 of TS 38.213 [6] if the PHR MAC CE is reported on a configured grant.



[bookmark: _GoBack]The issue gets more complex when SUL is configured for the cell, which is a new scenario that we do not have back in the LTE discussion for LAA.  There will be following issues if we still follow R15 design for PHR for the two cases of configurations:
· UL and SUL have the same type of UL transmission, i.e., both with PUSCH or with SRS switching. In this case, if the network mistook the PHR reporting for one UL carrier for another, the input to the power control algorithm will be based on the wrong UL carrier, in which case the accuracy of PC will be affected. 
· It is possible that one UL carrier is configured with PUSCH and another with SRS switching. The network may not even get the type of PH right for the PHR (i.e., whether it is Type 1 or Type 3) 
With the above mentioned issue, the network should be able to know, if PHR is reported, what is the type of PH and for which UL carrier the PH is reported for. 
Based on the above discussion, we propose the following for the power headroom reporting for NR-U.
Proposal 1: For NR-U serving cell configured with SUL, power headroom for both UL carriers should be reported. 
Proposal 2: Send an LS to RAN2 on the above agreement
Conclusions
We propose the following based on the above analysis on the PHR reporting
Proposal 1: For NR-U serving cell configured with SUL, power headroom for both UL carriers should be reported. 
Proposal 2: Send an LS to RAN2 on the above agreement
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