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1 Introduction
In RAN1#90bis meeting, lots of agreements on UL power control for sTTI were reached as shown in the Annex [1]. 
[bookmark: OLE_LINK16]According to agreements, the calculation of sPUCCH/sPUSCH will be performed separated from that of PUCCH/PUSCH, while some parameters for PUCCH/PUSCH will be reused for sTTI and other parameters will be configured by RRC signalling. In this document, we analyse the impact on PHR design of UL power control for sTTI.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2	Discussion
[bookmark: OLE_LINK15]The Power Headroom reporting procedure is used to provide the serving eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission and also with information about the difference between the nominal UE maximum power and the estimated power, which is for UL-SCH and PUCCH transmission on SpCell and PUCCH SCell. And the gNB can use the PHR report as input to the scheduler. Based on the available power headroom the scheduler will decide a suitable number of PRBs and an appropriate MCS as well a correct transmit power adjustment (TPC command). In sTTI, the eNB would make such evaluation for PUCCH/PUSCH, as well as sPUCCH/sPUSCH according to RAN1 agreements. Since the UE can compensate its power level autonomously based on DL pathloss estimates and this adjustment is not be aware of the eNB. Therefore, egNB needs to receive PHR reports regularly even in the case of sTTI, in order to make competent scheduling decisions as in existing LTE. Hence, there may be some possible issues which need to be addressed for the PHR procedures for sTTI.
· Possible issue 1: Whether or not PHR should be triggered in different conditions for sTTI?
In case of LTE, path loss change of a serving cell can be used to trigger PHR as following [2].
	A Power Headroom Report (PHR) shall be triggered if any of the following events occur:
-	prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell of any MAC entity which is used as a pathloss reference since the last transmission of a PHR in this MAC entity when the MAC entity has UL resources for new transmission;
-	periodicPHR-Timer expires;
-	upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [8], which is not used to disable the function;
-	activation of an SCell of any MAC entity with configured uplink;
-	addition of the PSCell;
-	prohibitPHR-Timer expires or has expired, when the MAC entity has UL resources for new transmission, and the following is true in this TTI for any of the activated Serving Cells of any MAC entity with configured uplink: 
-	there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc [10]) for this cell has changed more than dl-PathlossChange dB since the last transmission of a PHR when the MAC entity had UL resources allocated for transmission or PUCCH transmission on this cell.



[bookmark: OLE_LINK17]Hence in LTE, a PHR report is created and sent in a TTI with an available PUSCH grant when either the periodicPHR-Timer expires or when the prohibitPHR-Timer expires and the change in measured DL pathloss since the last PHR was transmitted exceeds the dl-PathlossChange threshold.  Even when a UE is configured for multiple TTI lengths, since the pathloss measurement is based on the cell-specific downlink reference signals, e.g. CRS, the measurement result is used to reflect the radio condition, regardless of the usage of TTI length. Hence, for multiple TTI lengths, there seems to be no benefit of comparing them to different thresholds of path loss change when deciding if a PHR should be trigerred upon expiry of the prohibitPHR-Timer. Meanwhile, there is no obvious benefit that justifies having the prohibitPHR-Timer and the periodicPHR-Timer configured per TTI length. Therefore we propose to keep the PHR parameters are configured per UE, rather than per TTI length (PUCCH/PUSCH v.s. sPUCCH/sPUSCH), as they are in LTE. 
Proposal 1: no need to enhance the PHR triggering condition for sTTI.
· Possible issue 2: Whether the PHR MAC CE should be extended to support multiple TTI lengths?
Since specific power control on the UL physical channels for different TTI lengths is supported, the existing PHR MAC CE should be extended to include the factor of sPUCCH/sPUSCH. Moreover, it was agreed as follows: 
Simultaneous transmissions of different TTI lengths across different carriers are allowed only if a UE reports the capability. A common capability/configuration is defined regardless of UL TTI length combinations. The capability is defined per band/band combination. The UE capability is not separated per combination of different channel types (e.g., {PUSCH, sPUSCH}, {PUCCH, sPUCCH}, {PUSCH, sPUCCH}, {sPUSCH, PUCCH},{sPUSCH,sPUSCH},{sPUSCH,sPUCCH},{sPUCCH,sPUCCH}). 
And now there are two different types of PHRs. The type 1 is for assuming PUSCH – only transmission on the component carrier, while a type 2 PHR report assumes joint PUSCH and PUCCH transmission. Based on the RAN1 agreements, it seems additional types of PHR report to support more UL physical channel power estimation are needed to be specified. 
Proposal 2: PHR MAC CE should be extended to include the factor of sPUCCH/sPUSCH.
Proposal 3: Additional types of PHR report to support more UL physical channel power estimation are needed to be specified.
· Possible issue 3: On which resource to transmit PHR?
In LTE, PHR is reported as a MAC Control Element in a TTI where the UE has available PUSCH resources. If the allocated UL resources can accommodate the PHR MAC CE is decided by the Logical Channel Prioritization (LCP) procedure. The following possible solutions for which resource to use for short TTI when transmitting PHR have been identified:
· Option 1: Transmit PHR on any UL resource, sPUSCH or PUSCH
· Option 2: Transmit PHR only on the UL resource, which fluctuation triggers the PHR
In option 1, when a PHR is triggered it could, during RLC segmentation and MAC multiplexing, be included in any of the MAC PDUs build for this TTI. This means that more than one (possibly all) PHRs triggered in a specific TTI could be sent. But in option 2, it means that the PHR will not be transmitted until the specific UL PUSCH has an UL grant. Therefore we propose to transmit PHR on any UL resource to extend the opportunity of PHR reporting.
Proposal 4: it is proposed to allow transmit PHR on any UL resource, sPUSCH or PUSCH to extend the opportunity of PHR reporting.

3	Conclusion
In this document, we analyse the progress in PHR of RAN1 and kindly propose that:
Proposal 1: no need to enhance the PHR triggering condition for sTTI.
Proposal 2: PHR MAC CE should be extended to include the factor of sPUCCH/sPUSCH.
Proposal 3: Additional types of PHR report to support more UL physical channel power estimation are needed to be specified.
Proposal 4: it is proposed to allow transmit PHR on any UL resource, sPUSCH or PUSCH to extend the opportunity of PHR reporting.
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5	Annex
· sPUCCH
Agreement: 
For sPUCCH, the power control equation is reused from the PUCCH power control equation for 1ms TTI.  
- FFS on separate hadling of 2os or 3os sTTI
Agreement: 

For sPUCCH, the parameter  for sTTI operation is the same value configured as for 1ms TTI. 
Agreement: 

For sPUCCH, the parameter of   is defined relative to PUCCH format 1a (as in legacy) and separately configured for sTTI operation from 1ms TTI operation. 
Agreement:
The delta_F values can be configured by higher layer signalling in the range
	sPUCCH format
	Proposed parameter range

	2/3os sPUCCH, format 1a
	5,6,7,8,9,10,11,12

	7os sPUCCH, format 1a
	1,2,3,4,5,6,7,8

	2/3os sPUCCH, format 1b
	6,7,8,9,10,11,12,13

	7os sPUCCH, format 1b
	3,4,5,6,7,8,9,10

	7os sPUCCH, format 3
	4,5,6,7,8,9,10,11

	2/3os sPUCCH, format 4 (RM)
	15,16,17,18,19,20,21,22

	2/3os sPUCCH, format 4 (TBCC)
	13,14,15,16,17,18,19,20

	7os sPUCCH, format 4 (RM)
	13,14,15,16,17,18,19,20

	7os sPUCCH, format 4 (TBCC)
	10,11,12,13,14,15,16,17



Agreement: 



For sPUCCH, in order to derive the existing equation for 1ms TTI is reused with modification of the definition on BPRE as  , where   is the sum of total number of UCI bits including CRC bits on sPUCCH format 4 divided by the number of REs for sPUCCH.
Agreement: 

For sPUCCH, the current  for format 3 definition is reused.

- To derive  , the sum of HARQ-ACK bits for PDSCH as well as those for sPDSCH carried by sPUCCH should be taken into account if PUCCH/PUSCH is collided with sPUCCH within the same subframe on a given carrier. 
Agreement: 
Tx diversity in sPUCCH format 1/1a/1b/3 is defined as in legacy PUCCH and is a separate UE capability between 1 ms and sTTI.
Agreement:

 is separately configured for sTTI operation using the same parameter range as for 1 ms operation.
Agreement: 
[bookmark: _Hlk495400107]For sPUCCH, only the TPC from sDCI is considered.
Agreement: 
For PUCCH, only the TPC from DCI is considered.
- NOTE: This is legacy behaviour and has no impact to the specification
· sPUSCH
Agreement: 
For sPUSCH, the power control equation is reused from the PUSCH power control equation for 1ms TTI.  
- FFS on sTTI specific parameter definition and configurations 
Agreement: 

For sPUSCH, the scaling parameter for path-loss estimate   for sTTI operation is reused from the parameter for 1ms TTI.	
Proposed offline consensus: 
The PHR transmitted on sPUSCH shall be reported for all carriers (irrespective of TTI length). PHR for sTTI is calculated using the same principle as for 1 ms operation.
Agreement: 
Simultaneous transmissions of different TTI lengths across different carriers are allowed only if a UE reports the capability. A common capability/configuration is defined regardless of UL TTI length combinations. The capability is defined per band/band combination. The UE capability is not separated per combination of different channel types (e.g., {PUSCH, sPUSCH}, {PUCCH, sPUCCH}, {PUSCH, sPUCCH}, {sPUSCH, PUCCH},{sPUSCH,sPUSCH},{sPUSCH,sPUCCH},{sPUCCH,sPUCCH}). 
Proposed offline consensus: 
Regarding UE behaviour in case simultaneous transmission of different TTI lengths across different carriers is allowed/supported but when the UE is power-limited, RAN1 down-selects between the following alternatives:
- Alt 1: A guaranteed power for each TTI length is reserved. The power of the earlier transmission (e.g., longer TTI) can be at most {Pcmax – the guaranteed power of the later transmission} and the power of the later overlapped transmission (e.g., shorter TTI) is determined by {Pcmax – the required power of the earlier transmission}. (like PCM2 in DC)
- Alt 1a: A guaranteed power for each TTI length is reserved, in case the TTI is scheduled. 
  - The power of the earlier transmission (e.g., longer TTI) can be at most {Pcmax – the guaranteed power of the later transmission} and the power of the later overlapped transmission (e.g., shorter TTI) is determined by {Pcmax – the required power of the scheduled earlier transmission}

- Alt 2: In case a UE is power-limited, TTI channel(s) with lower priority (e.g., longer TTI) is(are) dropped/stopped until the condition that the UE becomes non-power-limited is met.
   - Consider the TTI length (e.g., shorter TTI > longer TTI), channel type (e.g., PUCCH > PUSCH with UCI > PUSCH without UCI), UCI type (e.g., HARQ-ACK/SR> CSI> data > SRS), and cell index (e.g., lower cell index > higher cell index).
Agreement: 
For sPUSCH, the configured P_0 (for 1 ms operation) is reused for sTTI operation.
Agreement:

For sPUSCH, the power offset value depending on MCS  for sTTI operation is derived by reusing the existing parameter for 1ms TTI.
Agreeemnt: 
For sPUSCH, only the TPC from sDCI is considered.
Agreement: 
For PUSCH, only the TPC from DCI is considered.
- NOTE: This is legacy behaviour and has no impact to the specification
It can be concluded from the agreements that:
· Reuse current mechanism with sTTI parameter inputs:


Power control equation for sPUCCH; Power control equation for sPUSCH,  derivation; and  derivation.
· Reused the same value:


, , P_0, 
· Separate configuration:


, delta_F, , TPC from sDCI for sUCCH and sPUSCH.
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