3GPP TSG RAN WG1 Meeting #95	R1-1812186
Spokane, USA, November 12-16, 2018

Agenda Item:	7.1.5
Source:	Huawei, HiSilicon
Title:	Discussion on UE power control
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the last RAN1 meeting [1], couples of open issues on power control have been resolved. The corresponding agreements are copied below:
	Agreement
Following working assumption is confirmed with additional details that in case PUCCH-SpatialRelationInfo is not configured, pathlossReferenceLinking can be used
Cross-carrier indication for power control parameters
· For PUCCH, if higher layer parameters “cell” and “bwp-Id” are included in the PUCCH-SpatialRelationInfo configuration:
· The reference signal corresponding to pathloss index ‘q_d’ included in PUCCH-SpatialRelationInfo is from the serving cell and active BWP indicated by the higher layer parameters “cell” and “bwp-Id”. 
Note: No RRC specification impact.
Agreement
For SRS cross carrier indication, if the UE is provided with pathlossReferenceLinking in servingCellConfig, it uses the reference signals in the indicated serving cell to measure the pathloss
Agreement
For PUSCH cross carrier indication, if the UE is provided with pathlossReferenceLinking in servingCellConfig, it uses the reference signals in the indicated serving cell to measure the pathloss
Agreement 
· For virtual Type-1 PHR calculation, UE assumes that P0_NOMINAL_PUSCH,f,c(0) is used
Agreement
If a UE is configured with two UL carriers for a serving cell and if the UE reports a UE capability simultaneousTxSUL-NonSUL for the serving cell, and if the UE determines that Type 1 power headroom report for the serving cell is based on a reference PUSCH transmission and Type 3 power headroom report for the serving cell is based on a reference SRS transmission, the UE provides the Type-1 PHR.
If a UE is configured with two UL carriers for a serving cell and if the UE reports a UE capability simultaneousTxSUL-NonSUL for the serving cell, and if the UE determines that a power headroom for only one of the two UL carriers of the serving cell is based on an actual transmission, the UE provides a Type-1 PHR when the actual transmission is a PUSCH transmission, or provides a Type-3 PHR when the actual transmission is an SRS transmission.
FFS: Whether the above also applies for the case UE doesn’t report a UE capability simultaneousTxSUL-NonSUL for the serving cell. This aspect will be finalized in RAN1#95.


But there are still some remaining details on UL power control to be refined. This contribution provides our views on these issues.
[bookmark: _Ref129681832]Discussion 
On PH reporting and calculation
The simultaneous transmission of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS PRACH on the other UL carrier in the same cell is defined as UE capability, which is decided to be optional with capability signaling denoted by simultaneousTxSUL-NonSUL and has been captured in the Rel-15 NR UE feature list [2]. More specifically, such capability is to differentiate UEs whether to support simultaneous transmission of SRS and PUSCH/PUCCH/SRS/PRACH on both SUL and non-SUL in the same symbol or not. For UE that is incapable of this feature, it is still possible to transmit SRS and PUSCH/PUCCH/SRS/PRACH concurrently on both two ULs in the same slot but in different symbols, which is depicted in the following figure. And in this case, the UE behavior on handling concurrent reporting of both Type 1 PH and Type 3 PH also needs to be specified. 
[image: ]
Figure 1. Illustration of simultaneous transmission of SRS on non-SUL and PUSCH on SUL in the same slot but in different symbols.
In the last RAN1 meeting, the UE behavior on handling concurrent reporting of both Type 1 PH and Type 3 PH has been achieved but only for UE that reports a UE capability simultaneousTxSUL-NonSUL. It is noted that current UE behavior for PH reporting in SUL case does not require UE to actually perform concurrent transmission on both SUL and non-SUL in the same symbol. Thus, for UE without reporting a UE capability simultaneousTxSUL-NonSUL, it is preferred to adopt the same mechanism as that for UE being capable of simultaneous transmission on both SUL and non-SUL. Such a common design is beneficial to reduce network complexity, and no drawback is foreseen.
Proposal 1: Adopt the same PHR mechanisms for UEs with and without reporting a UE capability simultaneousTxSUL-NonSUL.
The following WA was made in the last RAN1 meeting, which aims at directly reusing PHR mechanism of LTE into NR for the scenario of dual connectivity including EN-DC, NE-DC and NR-NR DC. 
	Working Assumption
· [bookmark: _Hlk527026173]Capture in TS 38.213 the below text from TS 36.213 with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG
· If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG indicates ‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not transmit PUSCH/PUCCH on any serving cell of the other CG.


It is emphasized that NR-NR DC in Rel-15 late drop only focuses on the case that MCGs are fully in FR1 and SCGs are fully in FR2. Note that, the definition of power class for UE in FR2 is different from that in FR1, thus it is infeasible to define a common power class to restrict the total UE transmit power of both MCG and SCG. As a result, the UE can determine the transmit power for MCG and SCG in a separate manner. There is no extra restriction on the total transmit power of both MCG and SCG. For instance, it seems that the PH can be computed separately for MCG and SCG, and there is no need to specify any extra UE behavior for NR-NR DC, at least in Rel-15 late drop. Thus, it is not proper to directly confirm the WA in current form. Considering that no power class is defined for FR2 and PH is reported in a separate manner, it is reasonable to restrict above WA only in FR1. Then we have the following proposal.
Proposal 2: Confirm the WA with the following modifications.
	Working Assumption
· Capture in TS 38.213 the below text from TS 36.213 with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG
· If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG in FR1 indicates ‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not transmit PUSCH/PUCCH on any serving cell of the other CG in FR1.


Corresponding to the above proposal 1 and proposal 2, we propose to make changes for TS 38.213.
Proposal 3: Adopt the changes in the accompanied Draft_CR_1.
Clarification on power control for PUSCH
The following subclause 7.1 of 38.213 provides the power scaling mechanism for PUSCH.
	7.1	Physical uplink shared channel





For a PUSCH transmission on active UL BWP , as described in Subclause 12, of carrier  of serving cell , a UE first scales a linear value  of the transmit power , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.
· 


For the above power scaling mechanism for PUSCH, the ratio for the power scaling is determined by the “the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme”. However, there is no definition of “configured antenna ports for the PUSCH transmission scheme” in the current spec. Different interpretations of it results in different power scaling factors, so some companies think it is necessary to clarify it and replace it with other description. Several alternatives were already listed in the email discussion of last meeting, and we will provide our views on it.
· Alt 1: the maximum number of PUSCH layers supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook'.  
· Alt 2: the maximum number of SRS ports in one SRS resource supported by the UE when the higher layer parameter txConfig in PUSCH-Config is set to 'codebook'.  
· Alt 3: the maximum number of supported layers for the non-codebook transmission scheme divided by the maximum number of simultaneously transmitted SRS resources in one symbol for the non-codebook transmission scheme when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'
· Alt 4: the number of SRS resources in SRS-ResourceSet configured with usage set to 'nonCodebook’ when the higher layer parameter txConfig in PUSCH-Config is set to ‘nonCodebook'. 
[bookmark: OLE_LINK10]For codebook based transmission, there are two alternatives. For Alt1, it takes UE’s capability of supported layers which is equivalent to UE’s Tx chains as the denominator of the ratio. For Alt 2, the configured maximum number of SRS ports in one SRS resource is taken as the denominator of the ratio. The difference of the two alternatives is that Alt1 is based on UE’s capability of Tx chains whereas Alt 2 is based on gNB’s configuration of SRS ports. And the configured maximum number of SRS ports in one SRS resource for Alt 2 can be less than or equal to UE’s supported maximum layers for Alt1. As illustrated in Figure 2, UE’s supported layers is 4 and thus it implies UE has 4 Tx chains. And maximum number of SRS ports in one SRS resource is 2, 2 Tx chains can be virtualized as 1 SRS port. The nominator is the number of antenna ports with a non-zero PUSCH transmission power, in specification it should be interpreted as the non-zero SRS ports that precoded PUSCH is mapped in subclause 6.1.1.1 of TS 38.214. If non-zero SRS ports is 2 as illustrated in Figure 3, and denominator is 4 if Alt 1 is assumed. The resulted ratio is 1/2, and if further splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, each antenna ports for PUSCH transmission corresponding to one of two SRS ports only gets 1/4 of total power which is obviously unreasonable. If Alt 2 is assumed, the ratio is 2/2, and if further splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, each antenna ports for PUSCH transmission corresponding to one of the two SRS ports get  1/2 of total power which is correct power scaling. In addition, the SRS port virtualization is completely up to UE’s implementation. If SRS port virtualization manner 2 is assumed, each SRS port has 1/4 of the total power under the assumption of Alt1, but actually each Tx chain that the SRS port corresponds to can be a higher power capability PA if UE choose this virtualization manner, e.g., 20dBm instead of 17dBm. In this case if Alt 1 is used, the maximum transmit power for each SRS port can only be up to 17dBm which is obviously not reasonable.
In short, for the above power scaling mechanism for PUSCH, since the nominator of the scaling factor refers to the number of non-zero SRS ports that precoded PUSCH is mapped with, the denominator thereof should be also based on SRS ports, i.e. the maximum number of SRS ports.
Therefore, we have the following proposal,
Proposal 4: Alt 2 should be supported for codebook based transmission.
[image: ]
[bookmark: OLE_LINK9]     Figure 2. SRS port virtualization manner 1               Figure 3. SRS port virtualization manner 2
For non-codebook transmission, the number of antenna ports with a non-zero PUSCH transmission should correspond to the number of indicated number of SRS resource, and a one to one mapping is set up between the indicated resource and each layer. Given this, the total power should be equally split with the layer number and each layer get 1/layer number of total power. In this sense, the ratio in the first step of power scaling should be 1 for non-codebook transmission.
[bookmark: _GoBack]Proposal 5: The ratio in the first step of power scaling should be 1 for non-codebook transmission.
Corresponding to the above proposal 4 and proposal 5, we propose to make changes for TS 38.213.
Proposal 6: Adopt the changes in the accompanied Draft_CR_2.
Conclusions
In this contribution, remaining details for UE power control are discussed. The following proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Adopt the same PHR mechanisms for UEs with and without reporting a UE capability simultaneousTxSUL-NonSUL.
Proposal 2: Confirm the WA with the following modifications.
	Working Assumption
· Capture in TS 38.213 the below text from TS 36.213 with the change of phr-ModeOtherCG-r12 to phr-ModeOtherCG
· If the UE is configured with a SCG, and if the higher layer parameter phr-ModeOtherCG-r12 for a CG in FR1 indicates ‘virtual’, for power headroom reports transmitted on that CG, the UE shall compute PH assuming that it does not transmit PUSCH/PUCCH on any serving cell of the other CG in FR1.


Proposal 3: Adopt the changes in the accompanied Draft_CR_1.
Proposal 4: Alt 2 should be supported for codebook based transmission.
Proposal 5: The ratio in the first step of power scaling should be 1 for non-codebook transmission.
Proposal 6: Adopt the changes in the accompanied Draft_CR_2.
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