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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:
Agreement:
For the case of large UCI payload size (greater than 11), ΔPUCCH_TF,c(i) is equal to ΔPUCCH_TF,c(i) = 10log10(2K1∙BPRE(i) – 1)
· BPRE(i) = OUCI(i)/NRE(i) 
· OUCI(i) is the number of UCI bits including CRC bits in i 
· NRE(i) = MPUCCH,c(i) x number of subcarriers per PRB x number of DFT-s-OFDM/CP-OFDM symbols excluding DMRS symbols/tones
· FFS: K1 (there is no new RRC parameter introduced)

For the case of PUCCH without PUCCH-Spatial-relation-info, at least the following is supported
· DL RS for PL estimation is given by, the RS corresponding to pucch-pathlossreference-index=0  of pucch-pathloss-Reference-rs (i.e., q_d =0), where only one DL RS for path loss is configured
· P0 is given by, the values corresponding p0setindex =0 of p0-pucch-set (i.e., q_u=0), where only one entry of p0-pucch-set is configured;
· FFS: Closed loop index l=0

When PRACH is associated with CSI-RS resource(s), the pathloss measurement for PRACH is based on one of the associated CSI-RS resource.
· FFS: Which of the associated CSI-RS is used if there are multiple resources associated

· 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 detail K1 is still open. On considering the PUCCH with different CRC length, the ΔTF,f,c(i) should be different. As shown from the Figure1 and Table1, for CRC length with 6 and payload size <20,  can nearly fit well with the simulated points while for CRC length with 11 and payload size >19,  can nearly fit well with the simulated points. So different K1 can be used for compensating SNR requirement for PUCCH with different CRC length.
Table 1 K2 for specific CRC length of PUCCH
	CRC = 6
	K1=2

	CRC =11
	K1=3.5



Figure 1 Fitting curves with different k1 for different CRC length

Proposal 1: For PUCCH power control ΔTF,f,c(i) with payload size >11,  can be set as 2 and 3.5 for CRC length 6 and 11 respectively.
Moreover, for the case of PUCCH without PUCCH-Spatial-relation-info, as different PUCCH formats, long versus short, can occupy different set of symbols in the slot, it is still desirable to be configured with up to 2 closed loop states. Without PUCCH-Spatial-relation-info, one (l=0) can be used for long PUCCH formats and another (l=1) used for short PUCCH formats.
Proposal 2: For PUCCH without PUCCH-Spatial-relation-info, when 2 closed loop states are configured, closed-loop l=0 is used for long PUCCH formats and l=1 is used for short PUCCH formats.
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 2).
[image: ]
[bookmark: _Ref510253027]Figure 2 Power scaling for multiple SRS resource transmission
Proposal 3: 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 4: 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.
In RAN1#92, “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 agreed to be a UE capability [3]. And note that the priority rules between SRS and PUSCH/PUCCH, and between different types of SRS have been already achieved. The only remaining issue is the priority rule between SRS of the same type on both non-UL and SUL. In practice, gNB can perform uplink channel quality/state measurement based on the SRS transmitted on that uplink carrier, and the corresponding measurement results can be utilized by the gNB to perform flexible and effective frequency selection scheduling for uplink transmission. Moreover, it is necessary to mention that the SRS transmitted on the non-SUL can also be used to assist beamforming/precoding for downlink transmission due to the channel reciprocity of a TDD carrier. Thus, SRS transmitted on non-SUL is preferred to be with higher priority than that on SUL. Thus we have the following proposal. The corresponding text proposal is in our companion contribution [3].
Proposal 5: For SRS on an SUL/non-SUL carrier to be transmitted simultaneously with signal on the other UL carrier, SRS is with lower priority than other uplink signal, and for the same type of SRS, SRS on the SUL is with lower priority. The SRS with lower priority will be dropped if the UE does not support simultaneous transmission of SRS on an SUL/non-SUL carrier and other signal on the other UL carrier; otherwise, the power of the SRS with lower priority will be reduced.
Intra-slot power scaling
In NR, TDM between PUCCH and PUSCH/PUCCH is agreed. However, the transmission power imbalance between different PUSCH/PUSCH will impact the PUSCH/PUCCH performance. This issue is resulted from the power ON/OFF ramping as shown in Figure 3. 
[image: ]
[bookmark: _Ref510253055]Figure 3 General ON/OFF time mask
To solve this issue, power scaling can be introduced to keep the same power level for multiple TDM channels as shown in Figure 4. From the figure, we can see that the transmission power for the later period can be scaled to align with the power for the previous period. Moreover, the transmission power calculation for the previous period may need to look ahead to the later period’s transmission power if the processing time permits.
[image: ]
[bookmark: _Ref510253070]Figure 4 General intra-slot power scaling
Proposal 6: Intra-slot power scaling should be supported to keep the same power level for the PUSCH/PUCCH TDM case.

PRACH power control
When PRACH is associated with CSI-RS resource(s), the pathloss measurement for PRACH is based on one of the associated CSI-RS resources. QCL configuration of DMRS of the PDCCH order based mechanism defined the specification draft is still not clear because the QCL RS resources for DMRS can be at least one of SSBlock, CSI-RS and TRS. To resolve this issue, PUSCH-SRI like mechanism can be adopted. This means one mapping between TCI-StatesPDCCH/ TCI-StateId and a RS resource index can be configured, then based on the specific TCI-StatesPDCCH/ TCI-StateId associated with the DMRS of the PDCCH order, the mapped specific CSI-RS or SSBlock can be used for PL estimation for the PRACH triggered by the PDCCH order. Since in TS 38.331 a contention-free random access configuration is already associated with a RS resource index, the mapping may be alternatively configured as a mapping between TCI-StatesPDCCH/ TCI-StateId and a contention-free random access configuration and this can achieve the same purpose.
Proposal 7: For PRACH RS resource for pathloss calculation, a mapping between TCI-StatesPDCCH/ TCI-StateId and a RS resource index can be configured.
A text proposal for this correction is provided in the Appendix for section 7.4 of TS 38.213.
Remaining issues for PHR
PHR for SRS not tied with PUSCH
Based on the agreement of RAN1 #90b meeting, whether or not SRS power control is tied with the corresponding PUSCH power control is based on RRC signaling. Thus for a serving cell with SRS power control tied with the corresponding PUSCH, type 1 PH is reported. However, if SRS power control is not tied with PUSCH in a serving cell where both SRS and PUSCH are configured, type 1 PH will no longer reflect the actual PH of SRS, because the configured power control parameters and even the transmission beams are different for PUSCH and SRS. In order to obtain the PH of SRS precisely, the PHs for SRS and PUSCH should be computed separately in this case. Please refer to contribution [4] for details.
Proposal 8: Type 3 power headroom should be reported when SRS power control is not tied with the corresponding PUSCH in a serving cell where PUSCH is also configured.
PHR for SUL
The SUL and non-SUL carriers are in different bands, e.g. 3.5GHz for non-SUL and 1.8GHz for SUL respectively, thus the transmission on SUL and non-SUL may use different RF chains including different PAs, as well as probably different beams. As a result, the power control parameters can be quite different between SUL and non-SUL and two independent power controls have been introduced for two UL carriers within one serving cell according to Section 7 of TS 38.213. Therefore, the PHs for SUL and non-SUL for a UE can be different. Although the transmission on SUL and non-SUL cannot be scheduled simultaneously, as a typical 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, simply because only single PH-entry PHR MAC CE can be used for non-CA case like a cell configured with SUL. 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 contribution [4] for details.
Proposal 9: Power headroom should be reported per UL within a serving cell at least when the SRS and PUSCH are scheduled on different UL carriers.

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,  can be set as 2 and 3.5 for CRC length 6 and 11 respectively.
Proposal 2: For PUCCH without PUCCH-Spatial-relation-info, when 2 closed loop states are configured, closed-loop l=0 is used for long PUCCH formats and l=1 is used for short PUCCH formats.
Proposal 3: 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 4: 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 5: For SRS on an SUL/non-SUL carrier to be transmitted simultaneously with signal on the other UL carrier, SRS is with lower priority than other uplink signal, and for the same type of SRS, SRS on the SUL is with lower priority. The SRS with lower priority will be dropped if the UE does not support simultaneous transmission of SRS on an SUL/non-SUL carrier and other signal on the other UL carrier; otherwise, the power of the SRS with lower priority will be reduced.
Proposal 6: Intra-slot power scaling should be supported to keep the same power level for the PUSCH/PUCCH TDM case.
Proposal 7: For PRACH RS resource for pathloss calculation, a mapping between TCI-StatesPDCCH/ TCI-StateId and a RS resource index can be configured.
Proposal 8: Type 3 power headroom should be reported when SRS power control is not tied with the corresponding PUSCH in a serving cell where PUSCH is also configured.
Proposal 9: Power headroom should be reported per UL within a serving cell at least when the SRS and PUSCH are scheduled on different UL carriers.

References
[bookmark: _Ref503361759][bookmark: _Ref167612875][bookmark: _Ref477510247][bookmark: _Ref465692597]Chairman’s notes, 3GPP TSG RAN WG1 Meeting 92.
Chairman’s notes, 3GPP TSG RAN WG1 #AH_NR4.
R1-1804288, “TP on power control for concurrent transmission of SRS on both UL and SUL”, Huawei, HiSilicon, Sanya, China, Apr. 16-20, 2018.
R1-1804286, “Discussion on PHR for SUL”, Huawei, HiSilicon, 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 --------------------------------------------
· 
[bookmark: _GoBack]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   for CRC length 6 and   for CRC length 11.
---------------------------------------- Unchanged parts omitted --------------------------------------------

· 

A higher layer parameter PUCCHClosedLoopIndex-Mapping, when provided, provides a mapping between a set of PUCCH-Spatial-relation-info values and the  value(s). If the UE receives an activation command [11, TS 38.321] indicating a value of PUCCH-Spatial-relation-info, the UE determines the value of  that is mapped to the PUCCH-Spatial-relation-info value.  
· 

When UE is configured with 2 closed loop states and is not provided with PUCCH-Spatial-relation-info,  for long PUCCH formats and  for short PUCCH formats.

---------------------------------------- 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.
7.4				Physical random access channel
---------------------------------------- Unchanged parts omitted --------------------------------------------
If the PRACH transmission from the UE is in response to a detection of a PDCCH order by the UE, referenceSignalPower is SS-PBCHBlockPower or, when the UE is configured a periodic CSI-RS transmission, is obtained by higher layer parameter Pc-SS that provides an offset of CSI-RS transmission power relative to SS/PBCH block transmission power [6, TS 38.214], depending on the DL RS that the DMRS of the PDCCH order is quasi-collocated with as described in Subclause 10.1.
If the UE is provided a higher layer parameter TCI-PathlossReferenceIndex-Mapping, the UE obtains a mapping between a set of values for the TCI-state field in CORESET configuration and a set of prach-pathlossreference-index values provided by higher layer parameter prach-pathlossReference-rs-config. If the PRACH transmission is scheduled by a PDCCH order from one CORESET configuration with TCI field, the UE determines the RS resource from the value of prach-pathlossreference-index that is mapped to the TCI field value.
------------------------------------------ End of Text Proposal ----------------------------------------------




Payload size [12:4:32] with Polar Coding and different CRC length

Simulated CRC-High	0.26539943868229005	0.30199517204020154	0.33946890538007851	0.36024669071148746	0.40954346464439528	0.44228274871688655	0.46569331102620165	0.50014968544027871	0.57345586654596459	0.75997621436103724	0.88715601203796079	1.0292005271944282	1.7550924581179672	2.152781734724373	2.6424087573219466	0.1015625	0.1171875	0.1328125	0.11607142857142858	0.13392857142857142	0.15853658536585366	0.15178571428571427	0.18292682926829268	0.2073170731707317	0.27083333333333331	0.3125	0.35416666666666669	0.54166666666666663	0.625	0.70833333333333337	Simulated CRC-Low	0.17163268634905937	0.19797028121790822	0.20840109665884485	0.23757459632190106	0.24615009062337662	0.27938301513625291	0.27989813196343621	0.28385725586841187	0.32809529311311902	0.33235330357747755	0.33931261016293179	0.3806273576012057	0.38538960821181906	0.40271703432545908	0.43944041889180863	0.46881338214526519	0.47391450362369719	0.54954087385762451	0.57279603098582921	0.63386971125692693	0.69262792943736329	0.83733645608365603	0.99311604842093371	1.0122784699951117	1.1513304741558172	1.2924090783552407	1.6010319546673324	2.0174370856119244	2.5900014069479336	3.1002734419981914	5.859375E-2	6.6964285714285712E-2	7.421875E-2	8.4821428571428575E-2	8.984375E-2	9.1463414634146339E-2	0.10267857142857142	0.10546875	0.12053571428571429	0.12109375	0.11585365853658537	0.13839285714285715	0.13671875	0.1402439024390244	0.15625	0.15625	0.16463414634146342	0.18902439024390244	0.19791666666666666	0.21341463414634146	0.23958333333333334	0.28125	0.32291666666666669	0.3125	0.36458333333333331	0.39583333333333331	0.47916666666666669	0.5625	0.64583333333333337	0.72916666666666663	Fitted CRC-Low	0.17163268634905937	0.19797028121790822	0.20840109665884485	0.23757459632190106	0.24615009062337662	0.27938301513625291	0.27989813196343621	0.28385725586841187	0.32809529311311902	0.33235330357747755	0.33931261016293179	0.3806273576012057	0.38538960821181906	0.40271703432545908	0.43944041889180863	0.46881338214526519	0.47391450362369719	0.54954087385762451	0.57279603098582921	0.63386971125692693	0.69262792943736329	0.83733645608365603	0.99311604842093371	1.0122784699951117	1.1513304741558172	1.2924090783552407	1.6010319546673324	2.0174370856119244	2.5900014069479336	3.1002734419981914	6.4006999689325467E-2	7.4083338230560514E-2	7.805335843728349E-2	8.908467932446644E-2	9.2305459882443236E-2	0.10468543236215838	0.10487600680992729	0.10633936023628215	0.1225204016581732	0.12406104120576965	0.12657259648947081	0.14131568931691488	0.14299657132571905	0.14907997636566123	0.16180441470981427	0.17181743015291634	0.17354152727299937	0.19859336593466625	0.20610813530646191	0.22543297615578525	0.24347995921855303	0.28577997159801749	0.32819464618041283	0.33320625290156908	0.36832782445124862	0.40188865962172116	0.46901446818006587	0.54839442039961372	0.64162893951400013	0.71306985961181113	Fitted CRC-High	0.26539943868229005	0.30199517204020154	0.33946890538007851	0.36024669071148746	0.40954346464439528	0.44228274871688655	0.46569331102620165	0.50014968544027871	0.57345586654596459	0.75997621436103724	0.88715601203796079	1.0292005271944282	1.7550924581179672	2.152781734724373	2.6424087573219466	9.3555376078773178E-2	0.10767506836264433	0.12208030239478544	0.13003032426544109	0.14875222486612011	0.16105768367654685	0.16978647840953826	0.18251962511341696	0.20912677387231135	0.27366174850488911	0.31502645212168984	0.35879535256822159	0.5486551721008126	0.63395356803150649	0.72574397257044143	Shannon Fit	0.17163268634905937	0.19797028121790822	0.20840109665884485	0.23757459632190106	0.24615009062337662	0.27938301513625291	0.27989813196343621	0.28385725586841187	0.32809529311311902	0.33235330357747755	0.33931261016293179	0.3806273576012057	0.38538960821181906	0.40271703432545908	0.43944041889180863	0.46881338214526519	0.47391450362369719	0.54954087385762451	0.57279603098582921	0.63386971125692693	0.69262792943736329	0.83733645608365603	0.99311604842093371	1.0122784699951117	1.1513304741558172	1.2924090783552407	1.6010319546673324	2.0174370856119244	2.5900014069479336	3.1002734419981914	6.8556104211137753E-2	7.8177635625483161E-2	8.1929819539932489E-2	9.2254646406196447E-2	9.5243352601044939E-2	0.10663447066133232	0.10680869688956833	0.10814544211686816	0.1228075998720408	0.1241930088967864	0.12644782221511378	0.13959719315175603	0.14108752720529219	0.1464672023990127	0.15765242229424697	0.166395332432727	0.16789585242308919	0.18955224326987224	0.19599947582899382	0.21248788321806808	0.22777946320182749	0.2632847518014157	0.2985077138971306	0.3026489900741034	0.33156874791704583	0.35905935441341641	0.41372523703420316	0.47799710721237354	0.55319532283536776	0.61071603732850943	SNR (linear)
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