[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #94bis	R1-1810115
Chengdu, China, October 8 – 12, 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], the following issues on power control were targeted to be resolved in RAN1#94bis meeting on whether any specification change is needed or not:
	· Issue#1: Cross-carrier indication for power control parameters for PUCCH, SRS and PUSCH
· Issue#2: UE behavior for PHR on SUL/non-SUL, e.g.,
· For UEs capable of simultaneous transmission of PUSCH at SUL/non-SUL and transmission of SRS at the other UL carrier, if PHR is triggered, which type of PHR to report
· Issue#3: How to set P0_NOMINAL_PUSCH,f,c(j) for virtual PHR
· Regarding the cell-specific P0 for virtual PHR, the cell-specific P0 for grant-free transmission should be used if P0alphasetindex = 0 is configured in higher layer parameter ConfiguredGrantConfig; otherwise, the cell-specific P0 for grant-based transmission should be used.
· Issue#4: Linkage between DL BWP and UL BWP for paired spectrum, e.g.,
· PL is measured using reference signal for DL BWP which has the same BWP ID as UL BWP or PL is measured using reference signal for the active DL BWP. 


Besides, there are still some other remaining details on UL power control to be refined. This contribution provides our views on these issues.
[bookmark: _Ref129681832]Discussion 
UE behavior for PHR on SUL/non-SUL
For UE configured with SUL, simultaneous transmission of SRS on an SUL/non-SUL and PUSCH/PUCCH/SRS/PRACH on the other UL carrier in the same cell is defined as UE capability. Focusing on the UE that is capable of such kind of simultaneous transmission, when the UE transmits PUSCH and SRS on both SUL and non-SUL concurrently and both Type 1 PH and Type 3 PH are triggered, the UE is required to report both types of PH. However, based on current MAC CE format for PHR, only one PH can be reported per serving cell which makes it impossible to handle concurrent reporting of both Type 1 PH and Type 3 PH. 
Consider that introducing a new MAC CE format or revising current design may cause impact on RAN2 specification which is not preferable at current stage. Thus, it is more proper to simply let UE report one of the two PHs. And Type 1 PH seems more important than Type 3 PH because SRS is always set with lower priority compared with PUSCH. Then, the following proposal is given:
Proposal 1: When UE transmits PUSCH and SRS concurrently on both SUL and non-SUL in the same serving cell and both Type 1 PH and Type 3 PH are triggered, the UE only reports the Type 1 PH.  
On P0_NOMINAL_PUSCH,f,c(j) for virtual PHR
In current version of TS 38.213, the power control parameter P0_PUSCH,b,f,c(j) for virtual PH calculation is stated to be provided from p0-PUSCH-AlphaSetId = 0 for the UL BWP [image: ] of carrier [image: ] of serving cell [image: ]. It is noted that the parameter P0_PUSCH,b,f,c(j) is composed of the sum of a component P0_NOMINAL_PUSCH,f,c(j) and a component P0_PUSCH,b,f,c(j), and the former component is cell specific which is not related to any p0-PUSCH-AlphaSetId. Thus, it is necessary to clarify that P0_NOMINAL_PUSCH,f,c(j) is provided by the cell-specific P0, i.e., p0-NominalWithGrant.
Proposal 2: The parameter P0_NOMINAL_PUSCH,f,c(j) for virtual PHR is provided by higher layer parameter p0-NominalWithGrant.
Linkage between DL BWP and UL BWP for paired spectrum
For unpaired spectrum, the linkage between DL BWP and UL BWP is specified where a DL BWP is linked to a UL BWP with the same bwp-id. Therein, UE estimates the path-loss used for UL power control of the UL BWP according to the RS in the linked DL BWP. But for paired spectrum, no DL/UL BWP linkage is specified which makes it infeasible for path-loss estimation. During the last RAN1 meeting, the following two options were discussed:
· Option 1: Path-loss is measured using reference signal for DL BWP which has the same BWP ID as UL BWP.
· [bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81]Option 2: Path-loss is measured using reference signal for the active DL BWP.
Comparing the two options, option 2 is preferable than option 1 since UE can only perform path-loss measurement on the active DL BWP and no extra measurement setting is needed for other inactive DL BWPs. Such approach is also beneficial for reducing UE complexity and power saving.
[bookmark: OLE_LINK103][bookmark: OLE_LINK104]Proposal 3: For paired spectrum, path-loss is measured using reference signal for the active DL BWP.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]BPRE calculation in TF,b,f,c(i) for PUSCH
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK88][bookmark: OLE_LINK91][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK105][bookmark: OLE_LINK106]It is defined in current version of TS 38.213 that  for  and  for , where for PUSCH with UL-SCH data and  for CSI transmission in a PUSCH without UL-SCH data. For the case that CSI transmission in a PUSCH without UL-SCH data,  is CSI part I bits including CRC bits, but is a number of resource elements of PUSCH excluding resource elements of DMRS. The resource elements of CSI part II is not deducted from the calculation of . When the number of resource elements of the CSI part II is large, the difference between  and the real number of resource elements of CSI part I NRE,CSI-1 may be large. Using NRE,CSI-1 instead of  may be more appropriate. The equation of coded modulation symbols per layer for CSI part I for UCI on PUSCH is defined in 38.212 subclause 6.3.2.4.1 [2].
· For UCI encoded by polar code, 
· [bookmark: OLE_LINK83][bookmark: OLE_LINK82]if there is CSI part 2 to be transmitted on the PUSCH,

· else

The number of coded modulation symbols of HARQ-ACK  is taken into consideration in above equation. When a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, DAI field in DCI format 0_1 is used instead of DL DAI. When PUCCH(s) and PUSCH(s) overlaps in a slot, UE will multiplex UCI on PUSCH if some timeline conditions described in 38.213 subclause 9.2.5 [3] are met. As shown in Figure 1, the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than symbol N1+X after the last symbol of PDSCH, and the first symbol of the earliest PUCCH(s)/PUSCH(s) among all the overlapping channels starts no earlier than N2+Y after the last symbol of PDCCHs scheduling PUSCH transmission. Therefore, UE should wait for timeline N2+Y and choose the PUSCH with smallest CC index to multiplex UCI on. In this way, the calculation of BPRE in PUSCH power control would have to start after the timeline for overlapping, and this would delay the power control process. A better way to calculate BPRE is to avoid the impact of the RE number of HARQ-ACK so that power control can begin early. For 1 or 2 bits HARQ-ACK, the RE number is small. For HARQ-ACK more than 2 bits, the number of configured carriers and the number of scheduled PDSCH would have impact on the number of HARQ-ACK bits and resource elements of HARQ-ACK. The simplest way is to assume  to be zero, and this method may not make a big difference of the resulting BPRE. Alternatively, an estimated number of HARQ-ACK REs can be predefined in association with the number of configured carriers and/or the number of scheduled PDSCHs.
 
Figure 1 Timeline for UCI on PUSCH
[bookmark: OLE_LINK108][bookmark: OLE_LINK109][bookmark: OLE_LINK9][bookmark: OLE_LINK40]Proposal 4: If  in BPRE for CSI transmission in a PUSCH without UL-SCH data is replaced by the formula of coded modulation symbols of CSI part I in 38.212 subclause 6.3.2.4.1, the number of coded modulation symbols of HARQ-ACK should be zero or predefined in order to minimize the impact of HARQ-ACK on power control timeline.

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: When UE transmits PUSCH and SRS concurrently on both SUL and non-SUL in the same serving cell and both Type 1 PH and Type 3 PH are triggered, the UE only reports the Type 1 PH.  
Proposal 2: The parameter P0_NOMINAL_PUSCH,f,c(j) for virtual PHR is provided by higher layer parameter p0-NominalWithGrant.
Proposal 3: For paired spectrum, path-loss is measured using reference signal for the active DL BWP.
Proposal 4: If  in BPRE for CSI transmission in a PUSCH without UL-SCH data is replaced by the formula of coded modulation symbols of CSI part I in 38.212 subclause 6.3.2.4.1, the number of coded modulation symbols of HARQ-ACK should be zero or predefined in order to minimize the impact of HARQ-ACK on power control timeline.
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