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[bookmark: _Ref178064866]In RAN1#90bis a number of agreements were made on closed loop power control. Still, since new features are introduced in NR that will have implications on the closed loop part of NR’s UL power control further details needs to be considered. In this contribution, which is a revised version of [1], we will present our view on closed-loop power control in NR.  
[bookmark: _Toc491437200]Implicit reset of the closed loop PC part
At RAN1#90bis the following agreement was made
Agreement:
For closed loop power control process, f(i) in case of accumulative TPC command mode can be reset by RRC reconfiguration of P_0 and alpha

The agreement states that similar to LTE a reconfiguration of P_0 and/or alpha may result in a reset of the accumulated closed loop power control process. However, since in NR there will be support for multiple closed loops the exact meaning of this agreement needs to be clarified further. For instance, given the support of beam specific power control it is possible to modify and/or add new power control loops that rely on a closed loop fc(i,l) already used by another power control loop. In such a case it would hence be directly inappropriate to reset the closed loop fc(i,l) since it would affect also other power control loops.  For example, assume that the 3 power control configurations b=1,2 and 3 have been defined according to tables 1-3 below. If we for instance would reconfigure P0_1, corresponding to j=2, it is inappropriate to reset fc(i,1) since this closed loop also is used by power control configuration b=1. It would also be inappropriate to reset fc(i,2), if reconfiguring P0_1, since this closed loop is related to another beam, hence fc(i,2) does not relate to j=2. 
Tables 1-3. The configuration of three power control loops represented by b=1,2 and 3.
	b
	j
	
	b
	k
	
	b
	l

	1
	P0_2, alpha2
	
	1
	CSI-RS, CRI=2
	
	1
	1

	2
	P0_1, alpha1
	
	2
	CSI-RS, CRI=2
	
	2
	1

	3
	P0_2, alpha2
	
	3
	SSB
	
	3
	2
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Based on this we identify the following interpretations of the above agreement 
Option A
In the current draft of 38.213 (v1.1.2_v2) the agreement is captured as 
· 
A UE shall reset accumulation for a serving cell 
· 
When t value is changed by higher layers;
· 
When  value is changed by higher layers;
this could be modified to 
· 
A UE shall reset accumulation for a serving cell for fc(i,1) and fc(i,2) 
· 
When t value is changed by higher layers and num-p0-alpha-sets <2;
· 
When  value is changed by higher layers and num-p0-alpha-sets <2;
where num-p0-alpha-sets was defined as 
· 






For, a   value, Applicable for all , is indicated by higher layer parameter p0-nominal-pusch-withgrant for serving cell  and a set of   values are indicated by a set of higher layer parameters p0-ue-pusch-withgrant for serving cell  where the size of the set is  and is indicated by higher layer parameter num-p0-alpha-sets. 
This modification would thus imply that the reset is only carried out if there is only one power control loop defined for grant based UL power control. 
Option B
Support higher layer configuration such that the reset by RRC reconfiguration of P_0 and alpha can be activated or deactivated. 
Option C
Support higher layer configuration such that when configuring P_0 and alpha a Boolean indicating reset or not reset is also provided.
[bookmark: _Toc498499167]The functionality of resetting the accumulative TPC f(i,l) when reconfiguring P_0 and alpha should be i) active only when only one power control loop is defined for grant based PUSCH or, ii) possible to activate or deactivate by higher layer configuration, or iii) explicitly indicated by higher layer when reconfiguring P_0.  
Explicit reset of the closed loop PC part
Another problem with the closed loop PC in NR is that new features introduced will imply that situations may occur when a TPC command has not been given in a long while. Examples are 
· In case that an aperiodic SRS has not been triggered and transmitted in a long while this may imply that the closed loop part is outdated and it would hence be beneficial to do an explicit reset the closed loop part (in case of accumulated mode) instead of using the outdated accumulated value. On the other hand, if the SRS has been transmitted recently we would rather prefer to not reset closed loop part. 
· The same problem occurs in beam specific PC when the gNB redirects its beam; in this case to closed loop PC part of the beam corresponding to the old direction may be irrelevant for the new propagation environment in case of accumulated mode. Hence, also here it would be beneficial to explicitly reset the closed PC loop part at selected occasions.
· Furthermore, since multiple closed loops are supported in the case of beam specific power control the situation when a beam has not been used for PUSCH for a long time implies that the closed loop part may be outdated since TPC will be applied to the PC loops used for PUSCH transmissions. Hence, also here it may be motivated to do an explicit reset of the closed loop PC part. 
Based on this we propose
[bookmark: _Toc492484453][bookmark: _Toc492494498][bookmark: _Toc492586726][bookmark: _Toc494092053][bookmark: _Toc494092584][bookmark: _Toc494439793][bookmark: _Toc494442477][bookmark: _Toc494444115][bookmark: _Toc498499168]Support explicit reset of the closed loop PC part in case of accumulated mode.  
On multiple closed loop PC processes for PUSCH
According to the recent agreements a set of PC parameters will for NR be defined and given by the set of indexes {j,k,l} in the case of PUSCH. Here l relates to different closed loop PC processes where fc(i,l) represents a closed loop process which is controlled by signalling from the gNB using the TPC command. Hence, when the gNB sends a TPC command this command needs to be attached and applied to a certain index l, in the case there are more than one closed loop processes defined. We identify two options in order to do this, 
Option 1: Implicitly connect a TPC command to an index l by using the index l used for setting the output power in a PUSCH transmission. Hence, if the current, PC is based on the PC set corresponding to indexes {j’,k’,l’} then the TPC command applies to the closed loop process corresponding to l=l’. 
Option 2: Explicitly connect the TPC command to an index l by indicating this index with the TPC command or alternatively provide it in a separate command.  
In LTE, there are essentially two ways to transmit a TPC command, UE specific (as in DCI formats 0,1,2 and 4) and group based as in format 3 and 3A and the recent agreement below states that this will be supported also for NR. We consider these cases below from the perspective of option 1 vs. option 2. 
Agreement:
· Support closed power control commands by downlink DCI for PUCCH power control and by uplink grant for PUSCH power control
· FFS: SRS
· Support closed power control commands by group common DCI with TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI


UE specific TPC 
For the UE specific case, one TPC is received by the UE and since the TPC command generated by the gNB will be based on the UE’s current, output power setting the TPC will implicitly be related to the current used PC parameters {j’,k’,l’}. We therefore find that Option 1 provides sufficient functionality. 
Group based TPC 
For the group-based TPC case we identify two potential approaches: 
· Option 2A: We can configure a UE with two TPC-PUSCH-RNTIs and then connect f(i,1) to TPC-PUSCH-RNTI1 and f(i,2) to TPC-PUSCH-RNTI2.
· Option 2B: The applicable l is indicated explicitly as part of DCI. Hence, we add a one bit index to every TPC command in DCI 3/3A, that indicates the corresponding f(i,l) to which the command applies. 

From our perspective either option 2A or option 2B would fulfil the requirements in terms of unambiguously associating a TPC command to a corresponding f(i,l). Option 2B may be more suitable when multiple closed loops are configured to handle multiple beams (e.g. for multi-TRP) while Option 2A is more suitable for differentiating closed loop corrections between grant-based and grant-free PUSCH.   
[bookmark: _Toc498499169]When the UE is configured with multiple closed loops (f_c(i,l)), l=1,2; the TPC commands in present in group-based DCI (e.g. similar to LTE 3/3A) should be either explicitly/implicitly associated with one of the closed loops. 

Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	The functionality of resetting the accumulative TPC f(i,l) when reconfiguring P_0 and alpha should be i) active only when only one power control loop is defined for grant based PUSCH or, ii) possible to activate or deactivate by higher layer configuration, or iii) explicitly indicated by higher layer when reconfiguring P_0.
Proposal 2	Support explicit reset of the closed loop PC part in case of accumulated mode.
Proposal 3	When the UE is configured with multiple closed loops (f_c(i,l)), l=1,2; the TPC commands in present in group-based DCI (e.g. similar to LTE 3/3A) should be either explicitly/implicitly associated with one of the closed loops.
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