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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
Regarding uplink (UL) power control (PC) for NR, most agreements [1] were reached. Some are captured as follows:
[bookmark: _GoBack]Agreement:
Single K1 value is supported for PUCCH power control
· The value will be decided in RAN1#93
Single K2 value is supported for PUCCH power control
· The value will be decided in RAN1#93

For further discussion in RAN1#93
· K value for group common TPC is the minimum of the configured K2 values plus one.
· Applies for both PUCCH, PUSCH, SRS
· Power scaling

· For non-codebook based UL transmission, the UE can only be configured for one SRS resource set with the following details:
· The UE can be configured to simultaneously transmit up to X SRS resources
· X is part of UE capability signalling
· The SRS resources transmitted simultaneously occupy the same RBs

In this contribution, we further discuss some open and ambiguous issues in details on UL power control procedures and parameters based on the above agreements in NR. In addition, we propose some text corrections on TS 38.213.
[bookmark: _Ref129681832]Discussions
PUCCH power control
Though the formula for the delta function ΔTF,f,c(i) for different PUCCH formats with  payload size >11 has be agreed as , the exact single value K1 is still open. It is observed from multiple simulations with different BPRE, K1 = 1.25 can be one compromising value for all cases if specific P0 and/or  is configured as supplementary offset.  So  can be fixed.

Proposal 1: For PUCCH power control ΔTF,f,c(i) with  payload size >11,  is fixed to 1.25 .
A text proposal for this correction is provided in the Appendix for section 7.2 of TS 38.213.
SRS power control
For SRS power control, SRS transmission power  for one SRS resource set  is clearly defined. However, for simultaneous transmission of multiple SRS resources for non-codebook and beam management with same or different resource sets respectively, the power sharing is not clearly defined. 
For the first example, SRS transmission power  can be equally split over multiple antenna ports from multiple different SRS resources from one resource set. This means for each SRS port, the transmission power should be determined by  wherein  is one total port number associated with multiple resources from one resource set in one OFDM symbol  and  wherein  is the total antenna port number configured for one SRS resource m. 
Differently, for the second example, SRS transmission power  and  can be specifically configured, then once simultaneous transmission for resource set  and  is configured, there is one risk that the total power for the simultaneous transmission of multiple resource sets may exceed .  One possible simple solution is to scale the transmission power for resource set  and  with one same factor to assure the total transmission power not to exceed . Moreover, once the transmission power for the first resource is scaled then all transmission power for the remaining resources from the same resource set should be scaled to keep the same transmission power for one resource set (as shown in Figure 1).
[image: ]
[bookmark: _Ref510253027]Figure 1 Power scaling for multiple SRS resource transmission
Proposal 2: For the simultaneous transmission of multiple SRS resources from one resource set, the power for the SRS resource set should be equally split by all antenna ports associated with the multiple SRS resources.
Proposal 3: For the simultaneous transmission of multiple SRS resources from different resource set, NR should support
· Power scaling with same factor for multiple resource sets,
· Keeping the same power scaling factor for transmission multiple resources within one resource set.
A text proposal for this correction is provided in the Appendix for section 7.3 of TS 38.213.
PHR for SUL
The SUL and non-SUL carriers are in different bands, i.e. 3.5GHz for non-SUL and 1.8GHz for SUL respectively, thus the transmission on SUL and non-SUL may use different RF chains as well as different beams. As a result, the power control parameters may be quite different between SUL and non-SUL. Although the transmission on SUL and non-SUL cannot be scheduled simultaneously, as a common case, PUSCH and SRS may be scheduled on different UL carriers (SUL and non-SUL) in different symbols within a same slot. However, the current PH reporting per cell mechanism is not able to report PH for the two UL carriers in the same cell. Therefore, separate PHRs, at least separate PHRs for PUSCH and SRS on different UL carriers within the same cell should be supported. Please refer to the contribution [3] for details.
Proposal 4: Power headroom should be reported per UL within a serving cell at least when the SRS and PUSCH are scheduled on different UL carriers.
Intra-slot power scaling
[bookmark: OLE_LINK1]UE transient period is defined as 10 or 5µsec for FR1 and FR2 respectively. Due to UE transient period, beginning and/or ending part one OFDM symbol may be affected when different uplink channels/RSs are consecutively transmitted with power changing. One general example of transient time for consecutive PUSCH, PUCCH and SRS transmission with power changing is shown in Figure 2. As shown by contribution [4], we can see that the impact ratio over one OFDM symbol can approximate to 14%, 28% and 56% for different numerology cases if only one transition period is considered for one symbol. Due to this issue, the power for the transmitted channel with short length (e.g. short PUCCH or SRS) can’t be guaranteed. Moreover, for the example shown in Figure 2, there is 4 different transmission power level in one slot. For the large SCS configuration (e.g. 60kHz and 120kHz SCS), to adjust so many times transmission power within one slot will put big challenge in the UE implementation. The power changing number may increase if more SRS OFDM symbols are flexibly multiplexed with different resource sets by TDM and FDM (as discussed in [5]).  So it seems reasonable to limit the potential maximum number of transmission power level within one slot. 

 [image: ]
[bookmark: _Ref510253055]Figure 2 General impact of ON-OFF transition period 
To solve this issue, power scaling can be introduced to keep the same power level for multiple TDM channels (at least for 1-OFDM short PUCCH) as shown in Figure 3. Generally, we can scale the lower transmission power to the higher one which doesn't exceed UE’s  Pc_max.

[image: ]
[bookmark: _Ref510253070]Figure 3 General intra-slot power scaling
Proposal 5: From the UE perspective, NR should support
· To limit the maximum number (e.g. 3) of transmission power level within one slot. 
· Intra-slot power scaling to keep the same power level for the PUSCH/short-PUCCH TDM case.
Out-of-ordering scheduling
On considering the flexible scheduling delay for PUSCH (i.e. KPUSCH), one out-of-order scheduling may exist as shown in Figure4 [6]. For this case, TPC accumulation following existing formula may have operation issue if these PUSCH are associated with same TPC loop. So one potential solution is to configure separate TPC loop for PUSCH with out-of-order scheduling. Fortunately, this mechanism has been captured in the specification.
[image: ]
Figure 4 Time line for out-of-order scheduling
Proposal 6: For out-of-order scheduling of PUSCH, separate TPC loop can be configured without any further specification work.
Conclusion
In this contribution, further discussions on UL PC in NR were presented. We have the following proposals:
Proposal 1: For PUCCH power control ΔTF,f,c(i) with  payload size >11,  is fixed to 1.25 .
Proposal 2: For the simultaneous transmission of multiple SRS resources from one resource set, the power for the SRS resource set should be equally split by all antenna ports associated with the multiple SRS resources.
Proposal 3: For the simultaneous transmission of multiple SRS resources from different resource set, NR should support
· Power scaling with same factor for multiple resource sets,
· Keeping the same power scaling factor for transmission multiple resources within one resource set.
Proposal 4: Power headroom should be reported per UL within a serving cell at least when the SRS and PUSCH are scheduled on different UL carriers.
Proposal 5: From the UE perspective, NR should support
· To limit the maximum number (e.g. 3) of transmission power level within one slot. 
· Intra-slot power scaling to keep the same power level for the PUSCH/short-PUCCH TDM case.
 Proposal 6: For out-of-order scheduling of PUSCH, separate TPC loop can be configured without any further specification work.

References
[bookmark: _Ref503361759][bookmark: _Ref167612875][bookmark: _Ref477510247][bookmark: _Ref465692597]Chairman’s notes, 3GPP TSG RAN WG1 Meeting #92bis.
Chairman’s notes, 3GPP TSG RAN WG1 #AH_NR4.
[bookmark: _Ref513638504]R1-1806889 Discussion on PHR for SUL, Huawei, HiSilicon, Busan, Korea, May 21- 25, 2018.
[bookmark: _Ref513714575]R1-1803842, “Remaining issues on non-CA UL power control”, vivo, Sanya, China, Apr. 16-20, 2018.
[bookmark: _Ref513744587]R1-1805959, “Remaining details of SRS design”, Huawei, HiSilicon, Busan, Korea, May 21- 25, 2018.
[bookmark: _Ref513816715]R1-1804069, “Remaining issues of UL power control”, MediaTek Inc, Sanya, China, Apr. 16-20, 2018.

Appendix I 

Text proposal of 38.213

------------------------------------------ Start of Text Proposal ----------------------------------------------
[bookmark: _Toc505848900]7.2			Physical uplink control channel
[bookmark: _Toc501387527]7.2.1 UE behaviour
---------------------------------------- Unchanged parts omitted --------------------------------------------
· 
For a PUCCH transmission using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and for a number of UCI bits larger than 11, wherein   .

---------------------------------------- Unchanged parts omitted --------------------------------------------

------------------------------------------ Start of Text Proposal ----------------------------------------------

[bookmark: _Toc505848902]7.3				Sounding reference signals



For SRS, the linear value  of the transmit power  is split equally across the configured antenna ports for one or multiple simultaneously transmitted resources within one SRS resource set in transmission period  
------------------------------------------ End of Text Proposal ----------------------------------------------


------------------------------------------ Start of Text Proposal ----------------------------------------------

---------------------------------------- Unchanged parts omitted --------------------------------------------





If the UE is configured with simultaneous transmission for multiple SRS resources in different SRS resource sets, and the total transmit power of the UE would exceed , the UE scales  for SRS resource set  of UL BWP  of carrier  of serving cell  in SRS transmission period  such that the condition
, 







is satisfied where   is the linear value of ,  is the linear value of  and is a scaling factor of  for SRS resource set  of UL BWP  of carrier  of serving cell  in SRS transmission period   where . Note thatvalues are the same across SRS resource sets. UE may assume same scaling factor is used for all resources from one same resource set.
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