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[bookmark: _Ref178064866][bookmark: _Toc68698316]1	Introduction
This document summarizes below discussion in RAN1#111 on TPC command accumulation for power limited case. 

TPC command accumulation for power limited case 
R1-2212161	Handling of TPC command accumulation for power limited case	Ericsson
[bookmark: _Toc68698317]2	Discussion
Following was discussed in [2]

Following conclusion on handling of TPC command accumulation for power limited case was made in RAN1#94 [1]
Conclusion:







If the UE has reached  for UL BWP  of carrier  of serving cell  for closed loop l, the UE does not accumulate positive TPC commands for closed-loop l of UL BWP  of carrier  of serving cell .
· Up to the editor to capture the above conclusion


Below highlighted text from 38.213 (v15.15.0) sub-clause 7.1.1 captures the handling of TPC command accumulation for power limited case.







 is the PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  and PUSCH transmission occasion  if the UE is not provided tpc-Accumulation, where 

-	The  values are given in Table 7.1.1-1
















-	 is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion 




-	If a PUSCH transmission is scheduled by a DCI format 0_0 or DCI format 0_1,  is a number of symbols for active UL BWP  of carrier  of serving cell  after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 






-	If a PUSCH transmission is configured by ConfiguredGrantConfig,  is a number of  symbols equal to the product of a number of symbols per slot, , and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP  of carrier  of serving cell  






-	If the UE has reached maximum power for active UL BWP of carrier  of serving cell  at PUSCH transmission occasion  and , then 



Consider example shown below in Figure 1. 

[image: ]
Figure 1 - Handling of TPC command accumulation 

PUSCH1 transmission for i-i0 is power limited but PUSCH2 transmission for i is not power limited. For example, the PRB allocation for PUSCH2 is much smaller than PUSCH1 and other open loop PC parameters and power limits stay the same. 
[bookmark: _Hlk119125176][bookmark: _Hlk119125856]For such case, if a positive TPC command TPC2 is provided to the UE in DCI2 that schedules PUSCH2, since the maximum power limit is not exceeded, TPC2 should be used for accumulation, i.e., f(i) should be updated using it.
 Above behavior is aligned with RAN1#94 conclusion and to our understanding it is also the existing UE behavior[footnoteRef:1].   [1:  It is also similar to behavior for LTE as captured by following text in 36.213 - “If UE has reached  for serving cell , positive TPC commands for serving cell  shall not be accumulated”] 

There is however possibility that the current specification text could be read to imply that UE should not apply TPC2 for PUSCH2 in i even when the transmission is not power limited, if power limit is reached for PUSCH1 in i-i0.
Question 1
Q1. Please provide your comments on the example discussed above – the positive TPC command TPC2 should be used for accumulation (i.e., f(i) should be updated using it) where TPC2 is provided to the UE in DCI2 that schedules PUSCH2 and PUSCH2 transmission is not power limited, 

	Company Name
	Comments

	ZTE
	It should be used.

	Samsung
	TPC2 should be used because PUSCH2 is not power limited. The accumulation of positive TPC commands is stopped only when maximum power is reached for the current PUSCH transmission, not the previous PUSCH transmission.

	vivo
	To follow LTE UE behavior, the positive TPC command TPC2 should be used for accumulation in this example.

	MTK
	We agree that it may be more reasonable to apply TPC2 in this example; however, we are sure current spec is saying it this way. We may need more time to check current implementation in the field.

	Spreadtrum
	Agree TPC2 can be accumulated. 

	QC
	Whether TPC2 is applied depends on if TPC1 is inculded in the accumulation. The current spec says that TPC1 is included and TPC2 is not. If we dont allow TPC1 in the above example, the UE may never be able to transmit at the maximaum power. For instance, if the calculated power for PUSCH 1 is Pcamx-2 and TPC1 is 3 dB, and if UE does not include the TPC command, then UE transmit power will be Pcmax-2.

	MTK2
	After some further check, we prefer to have this clarification limited to R17 or later UEs; we can also accept to have this clarification limited to R16 or later UEs, if companies want this way. Applying this conclusion to R15 is not preferred.

	Apple
	We would like to furthur check this internally.



Question 2
Q2. Please provide your comments on below proposal from [2]

Proposal for conclusion in RAN1#111
· Accumulation of positive TPC command is not stopped when maximum power is not reached for a transmission in a transmission occasion

	Company Name
	Comments

	ZTE
	For both positive and negative TPC command, while considering the following requirement for lower bound:






-	If the UE has reached maximum power for active UL BWP of carrier  of serving cell  at PUSCH transmission occasion  and , then 






-	If UE has reached minimum power for active UL BWP of carrier  of serving cell  at PUSCH transmission occasion  and , then 
We have the following suggestions:
Proposal for conclusion in RAN1#111
· Accumulation of positive TPC command is not stopped when maximum power is not reached for a transmission in a transmission occasion
· Accumulation of negative TPC command is not stopped when minimum power is not reached for a transmission in a transmission occasion



	Samsung
	The text can be revised to imply that the current transmission is power limited as following:





-	If the UE has reached maximum power for active UL BWP of carrier  of serving cell  at PUSCH transmission occasion  and , then 

	vivo
	Agree with the intention of the conclusion. A CR would be needed to support this conclusion as current spec. would determine whether to stop the TPC accumulation for transmission occasion  based on the power of transmission occasion .

	MTK
	We think having a conclusion is not clear enough since it may affect R15/R16 UEs which have been in market for a long time (especially R15). If companies want to pursue an aligned UE behavior, it may be more appropriate for us to have a R17 CR for this topic.

	Spreadtrum
	We are fine with the conclusion. 
According to CR if adopted, we prefer a later Rel-17 release

	CATT
	Although the intension of the conclusion is right, it is a corner case when UE would get out of maximum power limit case.   We are OK to have this CR in later Release.   

	QC
	Disagree with Samsung’s proposal, see the example for question 1. The proposed conclusion does not clarify the time relationship between maximum power being reached and accumulation.

	MTK2
	As we replied in Question 1, we prefer to have a R17 CR to not affect UEs that is in marked for a long time. We can accept to have a R16 CR if companies think so. Changing R15 UE behavior is not preferred.



3	References
[1] R1-1810051, Final Report of 3GPP TSG RAN WG1 #94 v1.0.0 (Gothenburg, Sweden, 20th – 24th August 2018)”
[2] R1-2212161, Handling of TPC command accumulation for power limited case, Ericsson, RAN1#111, Nov 2022, Toulouse, France.
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