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1. Introduction
In RAN1 #90bis and RAN1 #92 meeting, following agreements have been achieved for uplink power control for non-CA case. 

Agreements:

For N closed-loop power control processes, i.e., fc(i,l), for NR PUSCH power control for serving cell c, the following working assumption is confirmed:
· N is up to 2

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:

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 the affection of BWP switching and consecutive uplink transmissions with power changing based on [1]-[4]. 
2. Discussion
2.1. On PUSCH/PUCCH PC for BWP switching
In RAN1 90bis# meeting, it was agreed 2 close loop power control processes are supported for a serving cell. In RAN1 92# meeting, it was agreed individual PUSCH/PUCCH power control parameter sets are configured per UL BWP by higher layer. Based on previous RAN1 agreements and the description in specification 38.331, there are maximum 2 close loop power control processes for each BWP, while there are maximum 4 BWPs within a serving cell, which means there are total 8 close loop power control processes for a serving cell. 
Observation 1:
· Current specification requires maximum 8 closed loop power control processes for a UE per serving cell, which contradicts with previous RAN1 agreement.
From the perspective of UE implementation, the UE is not expected maintain 8 close loop power control processes for a serving cell at the same time, which may lead to additional cache usage. Consequently, it should be clarified that whether 8 close loop power control processes shall be maintained for a UE for a serving cell at the same time or not.

 Proposal 1:
· It should be clarified whether 8 close loop power control processes shall be maintained for a UE for a serving cell at the same time or not.
In the current specification 38.213, close loop power control processes shall be reset when P0 or alpha is reconfigured by higher layer. It was also agreed dynamic UL/DL BWP switching is supported in other agenda. However, whether close loop power control processes should be reset or not has not discussed yet in the case of BWP switching, as P0 or alpha may not be reconfigured in that case. That means when the UE switches from one UL BWP to another UL BWP, then go back to previous UL BWP, the UE shall use previous close loop power control processes after a long time passed.
As different P0 and alpha values may be assocaiated with different UL BWPs, 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, it is recommended to reset close loop power control process(es) when BWP switching is happending.
Proposal 2:
· When a UE switches from one UL BWP to another UL BWP, close loop PC process (es) should be reset.
2.2. On UL consecutive transmissions
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. 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 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 3:
· 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


If a large number of guard symbols were introduced to prevent inter symbol interference or distortion for consecutive uplink transmission with power changing case, it would lead to low efficiency for uplink transmission in larger subcarrier space case. From the perspective of UE implementation, there is no need to reserve guard symbol in the case of consecutive uplink transmission with small power changing. Therefore, to improve system efficiency, at least within a slot, gNB can configue same pathloss reference signals and TPC command for same UL transmissions of the UE. Additionally, when same uplink channels with same power control parameters are configured to transmit in a slot, to avoid intra slot power changing, the updated time of  pathloss and close loop power control accumulation should be at slot bundary.
Proposal 4:
· PL and close loop power control accumulation can only be updated at slot boundary.
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.

Observation 1:
· Current specification requires maximum 8 closed loop power control processes for a UE per serving cell, which contradicts with previous RAN1 agreement.

Proposal 1:
· It should be clarified whether 8 close loop power control processes shall be maintained for a UE for a serving cell at the same time or not.
Proposal 2:
· When a UE switches from one UL BWP to another UL BWP, close loop PC process (es) should be reset.

Proposal 3:
· 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


Proposal 4:
· PL and close loop power control accumulation can only be updated at slot boundary.
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