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1 Introduction
In this contribution, we discuss the issue about accumulated closed loop power control for PUSCH, PUCCH, or SRS transmission in the case of BWP switching. A recommended solution is provided herein, and text proposal for the preferred solution can be found in a companion CR document [2].
2 Discussion
In current NR spec [1], power control parameters, such as parameters for open loop power control (e.g. P0, alpha), for closed loop power control (e.g. number of closed loop power control loops), and for path loss (e.g. PL-RS, i.e. DL RS for path-loss measurement), are configured per BWP b per carrier f per cell c. However, it is not clear for the UE behavior on how to handle accumulated closed loop value in the new active BWP in the case of BWP switching.
Observation: From spec perspective, there is no clear UE behavior on handling accumulated closed loop value in the case of BWP switching.
The interpretation on current spec is that closed loop(s) for UL power control are maintained per BWP. For example, as shown in figure 1, when a UE is indicated to switch active BWP from BWP #1 (old BWP) to BWP #2 (new BWP), all power control parameters for uplink transmission in BWP #2 should refer to those parameters configured and maintained in BWP #2 itself. However, the historically accumulated closed loop value(s) (i.e. power control adjustment state, e.g. [image: ] for PUSCH) may not be proper for the latest UL transmission, since it can only reflect a channel condition possibly very long time ago, which may be quite different from that for the upcoming transmission. Therefore, applying this historical value may lead to severe transmit power discontinuity for the upcoming transmission in the new BWP compared with that for latest transmission in the old BWP. 


Figure 1 Closed loop power control procedure for BWP switching, supposing that closed loop(s) for UL power control are maintained per BWP
[bookmark: _GoBack]To address the above issue, the following candidate schemes can be considered:
· Scheme #1: When UE is switched to a new BWP from an old BWP, a latest accumulated closed loop value from the old BWP is applied to determine an accumulated closed loop power control value for the new BWP.
· Scheme #2: When UE is switched to a new BWP from an old BWP, an accumulated closed loop value for the new BWP is initialized/reset to be 0. 
Both of schemes #1 and #2 can avoid using an out-of-date historical accumulated closed loop value. Figure 2 and 3 illustrate scheme #1 and #2, respectively, where Sum(TPCb=2) refers to [image: ] in the spec for BWP #2. 
· Note that an accumulated closed loop value can be reset in response of receiving a re-configuration of power control parameter P0 or alpha. However, this is re-configured by RRC signaling which may cause a large delay, while considering that active BWP changing is dynamically indicated with a short latency. So it is better to specify UE action in response of receiving a DCI that indicates BWP switching. 


Figure 2 Closed loop power control procedure for BWP switching with scheme #1


Figure 3 Closed loop power control procedure for BWP switching with scheme #2
From the perspective of performance, scheme #1 is better than scheme #2. Channel properties, especially in terms of large scale parameters, of old BWP and new BWP are most likely similar since they are within the same carrier component. It is obvious that a latest accumulated closed loop value in old BWP can provide valuable information for closed power control procedure in new BWP. 
With either scheme #1 or scheme #2, there are actually at most 2 closed loop power control loops at a time for active BWP in a CC. In order to reduce the spec modification, the closed loop power control parameter is still configured and maintained per BWP as it is now. When BWP changes, the accumulated closed loop value for the new BWP should be reset or re-determined according to the accumulated closed loop value from the old BWP. The value replacement or resetting only happens when BWP changes, and then there is no need to maintain historically accumulated closed loop value for any inactive BWP. 
Proposal: When a new BWP is switched from an old BWP, a latest accumulated closed loop value from the old BWP is applied for determining an accumulated closed loop value for the new BWP.
· 

 For first transmission i in the new BWP,, where b1 and b2 denote old BWP and new BWP, respectively, and denotes the latest transmission occasion in the old BWP.
3 Conclusion
In this contribution, we discuss issues about accumulated closed loop power control for uplink transmission, in the case of BWP switching and provide candidate solutions. Observation and proposal are listed as follows. Corresponding text change for the preferred solution, i.e. scheme #1, can be found in a companion CR document [2].
Observation: From spec perspective, there is no clear UE behavior on handling accumulated closed loop value in the case of BWP switching.
Proposal: When a new BWP is switched from an old BWP, a latest accumulated closed loop value from the old BWP is applied for determining an accumulated closed loop value for the new BWP.
· 

 For first transmission i in the new BWP,, where b1 and b2 denote old BWP and new BWP, respectively, and denotes the latest transmission occasion in the old BWP.
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