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1. Introduction
In RAN1 #92 meeting, following agreements have been achieved for UL power control for non-CA case. 

Agreement:
For UE specific pucch-PowerControl and pusch-PowerControl configuration, at least including UL power control parameter set, DL RS for path loss estimate and closed-loop power control process:

· Individual parameters are configured per BWP

Agreement:
For the case of PUSCH with grant for DCI 0_0 and DCI 0_1 with no SRI field in uplink grant, at least the following is supported

· DL RS for PL estimation is given by, the RS corresponding to pusch-pathlossreference-index=0  of pusch-pathloss-Reference-rs (i.e., q_d =0), if only one DL RS for path loss is configured
· P0 and alpha are given by, the values corresponding p0alphasetindex =0 of p0-pusch-alpha-setconfig (i.e., j=2), if only one entry of p0-pusch-alpha-setconfig is configured for PUSCH transmission with grant;
· Closed loop index l=0
Note that depending on the further agreement on the MIMO session, additional mapping rules for {j, q_d, l} for the PUSCH with grant and no SRI field in uplink grant can be considered.
Agreement:
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
Agreement:

Send LS to RAN4 with regards to the power transition and possible combinations of the physical channels and reference signals.

Inform RAN4 that RAN1 has identified the following combinations of the physical channels and the reference signals that can be transmitted by the UE on different OFDM symbols in the same slot with different transmit power

· PUSCH+PUSCH

· SRS+SRS

· PUCCH+PUCCH

· PUSCH+SRS

· PUSCH+PUCCH

· PUSCH+PRACH

· SRS+PUSCH

· SRS+PUCCH

· SRS+PRACH

· PUCCH+PUSCH

· PUCCH+SRS

· PUCCH+PRACH

· PUSCH+PUCCH+PUCCH

· PUSCH+SRS+PUCCH

Inform RAN4 that RAN1 has identified the following combinations of the physical channels and the reference signals that can be transmitted by the UE on two consecutive slots with different transmit power and the PUSCH DMRS occupies the first OFDM symbol

· PUSCH+PUSCH

· PUCCH+PUSCH

· SRS+PUSCH

Inform RAN4 that for each combination different physical channels or reference signals may have different durations in the same slot

· PUSCH: 2/4/5/6/7/8/9/10/11/12/13/14 symbols

· SRS: 1/2/3/4/5/6 symbols

· PUCCH: 1/2/4/5/6/7/8/9/10/11/12/13/14 symbols

· PRACH: 2/4/6/12 symbols

Note that transmission priority may be different depending on the channel, content that physical channel is carrying and reference signal. Note that the above list might not be complete. 

Ask RAN4 to take it into account in their work. 
This contribution presents our views on remaining issues on UL power control without SRI indication and the affection of BWP to UL power control based on [1][2]. 
2. Discussion
2.1. On PC for BWP switching
In RAN1 92# meeting, it was agreed individual PUSCH/PUCCH power control parameter sets are configured per UL BWP by higher layer. It was also agreed dynamic UL/DL BWP switching is supported in other agenda. Which means the UE cannot assume same P0 and alpha set is configured when a PUSCH/PUCCH switches from one UL BWP to another UL BWP, the close loop power control process(es) should be reset accordingly. What is more, different pathloss reference signals may be configured for different UL BWPs. When UL BWP is changed, there is no reason to estimate pathloss based on previous pathloss reference signal index. Consequently, to support accuracy power control for PUSCH/PUCCH/SRS, it is recommended to reset close loop power control process(es) when BWP switching is happending.
Additionally, in the case of multi-TRP/multi-panel transmission, different BWPs may come from different transmission points, and PUSCH/PUCCH/SRS power control parameter sets may totally different. It is natural to support resetting close loop power control process(es) when a PUSCH/PUCCH/SRS switches from one UL BWP to another UL BWP.
Proposal 1:
· When a UE switches from one UL BWP to another UL BWP, close loop PC process (es) should be reset.
2.2. On virtual PHR
It was agreed virtual PHR for CA/DC is supported. However, in single CC scenario, beam/BWP switching related virtual PHR has not supported yet. Those cases may lead to inaccurate or inefficient power control.
For dynamic beam switching, as open loop parameter and pathloss reference are derived separately for each UL beams, the power headroom for each beam can be different and is not predictable by the gNB. Beam specific power control has been supported. To support dynamic beam switching and improve the accuracy of PC, beam specific virtual PHR should be considered. 

For dynamic BWP switching, as power control parameters are configured per BWP, it is important to assistant gNB performs BWP selection if virtual PHR is supported. Additionally, as different BWPs may come from different transmission points, different pathloss reference signals are configured by different BWPs, it is recommended to support virtual PHR to enhance power control efficiency.

Proposal 2:
· For non-CA case, the following virtual PHR cases are additionally supported in NR,
· Virtual PHR for beam different from current PUSCH transmission.

· Virtual PHR for inactive BWP.

2.3. On power control parameters configuration without SRI
For PUSCH power control, it was agreed SRI trigger state can be reused to indicate P0/alpha(j), pathloss reference(q_d) and close loop process(l) if SRI field is present. However, when SRI field is not present in DCI and multiple power control parameter sets are configured by higher layer, how to indicate P0/alpha(j), pathloss reference(q_d) and close loop process(l) have not determinded yet. 
For PUSCH P0/alpha(j) configuration, the maximum number of ‘j’ values are 32, ‘j’ can be at least used for following aspects:

· PUSCH for MSG-3
· Grant-free PUSCH

· Grant-based PUSCH
· Two uplinks of SUL band combination
For pathloss reference(q_d) configuration, the maximum of ‘q_d’ values are 4 for PUSCH, PUCCH and SRS per cell. 
For close loop process(l) configuration, the maximum of ‘l’ values are 2, ‘l’ can be at least used for the following aspects:

· Grant-free PUSCH

· Grant-based PUSCH
· Two uplinks of SUL band combination
Considering all above aspects, to simplify system implementation, at least one default P0 and alpha parameter set and close loop process can be applied for grant-based PUSCH transmission without SRI indication. However, as for pathloss reference signal,  different beam directions may lead to huge pathloss differences, one default pathloss reference signal for all cases is unacceptable. If only one default pathloss reference signal was agreed for grant-based PUSCH transmission without SRI indication, it might cause power control procedure inaccurately and inefficiently. As only PUSCH transmission without PUCCH transmission is a corner case, there is always a PUCCH transmission accompanies a PUSCH transmission, pathloss reference for PUSCH transmission without SRI indication can follow PUCCH spatial QCL information. Additionally, PUSCH beam indication also has same problem if there is no beam indication, default beam selection has not determinded yet. 
Proposal 3:
· For grant-based PUSCH transmission without SRI indication, pathloss reference selection is based on the latest PUCCH.
2.4. On UL channels/RSs consecutive transmission
It was agreed for frequencies below 6 GHz, UE transient period for NR is 10 µsec, for frequencies above 24 GHz, UE transient period for NR is 5 µsec[3]. Due to UE transient period, both last and first symbols may be affected when same uplink channels/RSs are consecutive transmitted with power changing, while the last symbol or first symbol may be affected when different uplink channels/RSs are consecutive transmitted with power changing. An example of transient time for consecutive PUSCH and SRS transmission with power changing is depcited in figure 1, and transient period for different numbernology are shown in table 1.
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Figure 1. Example of consecutive PUSCH and SRS transmission with power changing
Table 1. Transient time for different numbernology
	Frequency band
	SCS(kHz)
	Symbol length(usec)
	Transient  period(usec)
	Affected ratio

	FR1
	15
	71.43
	10
	~14%

	FR1
	30
	35.71
	10
	~28%

	FR1
	60
	17.85
	10
	~56%

	FR2
	60
	17.85
	5
	~28%

	FR2
	120
	8.93
	5
	~56%


From above table, the effection of UE transient time is more severe for larger subcarrier space. e.g.when PUSCH and SRS are consecutive transmitted with power changing and in SCS 120KHz case, almost 56% last PUSCH symbol shall be affected by SRS. At least 1 guard symbol is required to gurantee the performance of the last and/or the first symbol in the case of consecutive uplink channels/RSs transmission with power changing.
According to above discussion, to simplify system design and to help ensure system performance, 0 or 1 guard symbol should be predefined for consecutive uplink channels/RSs transmission with power changing. A UE shall not transmit any other signals in that guard symbol.
Proposal 4:
· For consecutive uplink channels/RSs transmission with power changing, X gurad symbol is reserved for a UE, where the UE does not transmit any other signals. The value of X is defined as below table 2.
Table 2. Guard symbol for consecutive uplink channels/Rs transmission with power changing
	Frequency band
	SCS(kHz)
	Guard symbol

	FR1
	15
	0

	FR1
	30
	1

	FR1
	60
	1

	FR2
	60
	1

	FR2
	120
	1


3. Conclusion
In this contribution, we present our view on remaining issues for NR UL power control for non-CA case. Following proposals were made.

Proposal 1:
· When a UE switches from one UL BWP to another UL BWP, close loop PC process (es) should be reset.

Proposal 2:
· For non-CA case, the following virtual PHR cases are additionally supported in NR,

· Virtual PHR for beam different from current PUSCH transmission.

· Virtual PHR for inactive BWP.

Proposal 3:
· For grant-based PUSCH transmission without SRI indication, pathloss reference signal selection is based on the latest PUCCH.
Proposal 4:
· For consecutive uplink channels/RSs transmission with power changing, X gurad symbol is reserved for a UE, where the UE does not transmit any other signals. The value of X is defined as below table 2.
Table 2. Guard symbol for consecutive uplink channels/Rs transmission with power changing
	Frequency band
	SCS(kHz)
	Guard symbol

	FR1
	15
	0

	FR1
	30
	1

	FR1
	60
	1

	FR2
	60
	1

	FR2
	120
	1
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