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1
Discussion
In RAN1#91 following agreements regarding PHR reporting for the case of sTTI/sTTI or sTTI/TTI transmission overlapping have been made:

Agreement:
For PHR transmitted on sPUSCH, the PHR is reported for all activated UL carriers
· For a carrier not configured with sTTI, the principle of legacy PHR computation is reused, i.e. 
· If PUSCH is scheduled on this carrier in the subframe containing the UL sTTI in which the PHR is transmitted, the PHR for this carrier is an actual PHR for the scheduled PUSCH. 
· Otherwise, the PHR for this carrier is a virtual PHR computed assuming the PHR calculation for the subframe. 

· For a carrier configured with sTTI 

· If sPUSCH is scheduled on this carrier in the UL sTTI in which the PHR is transmitted, the PHR for this carrier is an actual PHR for the scheduled sPUSCH.

· If sPUSCH is not scheduled on this carrier, the PHR for this carrier is a virtual PHR computed assuming the PHR calculation for the UL sTTI in which the PHR is transmitted.

Agreement:
For PHR transmitted on PUSCH, the PHR is reported for all activated UL carriers
· Independent of whether sTTI is configured or not for the carrier, the legacy PHR computation is reused
· 
If PUSCH is scheduled on this carrier in the subframe in which the PHR is transmitted, the PHR for this carrier is an actual PHR for the scheduled PUSCH.
· 
Otherwise, the PHR for this carrier is a virtual PHR computed assuming the PHR calculation for the subframe.

Even though these agreements cover some aspects of PHR, some uplink carrier aggregation / dual connectivity aspects deserve further examination.

For the case that a UE is configured with sTTI on several carriers and the sTTI length of the aggregated carriers are different, the UE behaviour w.r.t. PHR needs to be further clarified. In particular, when a slot- TTI of a carrier overlaps multiple subslots of another carrier and PHR is included in the slot-PUSCH, the eNB needs to know which of the subslots the UE assumes for the PHR calculation, so that it interprets the received PHR correctly (assuming actual PHR computation for subslot-PUSCH is supported in this case while processing timeline for slot-PUSCH is not affected). Otherwise it may base its future scheduling decisions on wrong assumptions, i.e. how close the UE is operating on the power limit, which may lead to either power scaling or under-utilization of resources. Figure 1 shows an example where the UE aggregates carriers of different sTTI lengths.                     
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Figure 1: PHR reporting for the case of slot- TTI on CC1 and subslot- TTI on CC2 
In the example, CC1 of a PUCCH group is configured with slot-TTI and CC2 of another PUCCH group is configured with subslot-TTI. One slot-TTI of CC1 overlaps 3 subslots of CC2. An uplink transmission on slot-PUSCH - which includes a triggered PHR MAC CE - is scheduled for sTTI1 on CC1. The UE is further scheduled with an uplink transmission on subslot-PUSCH on CC2. Since the PHR MAC CE sent on CC1 contains also PH info for CC2, it should be clarified which of the three overlapping subslots is used by the  UE to compute the PH information.
Proposal 1: If a UE is configured with PUCCH groups with different sTTI length, when PHR is transmitted on a CC with slot-TTI, the UE behaviour w.r.t. PHR should be clarified.
· If actual PHR for subslot-PUSCH is used, a reference PHR subslot - subslot for which PHR is calculated – should be defined for a CC with subslot-TTI.
Taking the above example, reporting the power headroom information for sTTI2 on CC2 has the advantage that the UE reports an actual PHR, i.e. PHR is reported for a scheduled subslot. The actual PHR provides in contrast to a virtual PHR also information on the used MPR for the corresonding uplink transmission.
When only one of the overlapping subslots is scheduled for an uplink transmission, the eNB is aware for which subslot UE has calculated the PHR (if we neglect sDCI false detection and miss errors). However in case multiple overlapping subslots are scheduled, a rule should be defined which unambiguously determines for which of the overlapping subslots, the UE calculates PH level and Pcmax,c. It is straightforward to define the PHR reference subslot as the first of the overlapping subslots which is scheduled for an uplink transmission. In case none of the overlapping subslots is scheduled with an UL allocation, the UE reports a virtual PHR for the carrier. 
Proposal 2: The PHR reference subslot is defined as the first subslot of the overlapping subslots which is scheduled for an uplink transmission.
The Power headroom reporting functionality is impacted by the different (reduced) timing relations, i.e. (s)PDCCH to sPUSCH among different carriers. Since PHR is calculated based on a received UL grant, when generating the PHR MAC CE on a slot-TTI on a carrier, the UE may not know whether there will be some uplink transmission(s) on the other carriers in any of the subslots which overlap the slot-TTI in which the PHR MAC CE is transmitted. The UE might not be fast enough to wait for the reception/processing of the UL grant(s) for the overlapping subslots on the other carriers when calculating the power headroom information (see Figure 2). 
[image: image2.emf] 

sTTI 1

sTTI 1 sTTI 2

sTTI4

sTTI4

sTTI5

sTTI5 sTTI6 sTTI 7 sTTI8 sTTI9

sTTI 3

sTTI 3 sTTI 2

sTTI10

sTTI10 sTTI11 sTTI12 sTTI 13 sPUSCH sTTI15

sPUSCH  (PHR MAC CE 

incl.)

slot- PUSCH is at n +4  slots

subslot-PUSCH is at n +6  subslots

CC1

CC 2

sTTI 0

sTTI 0

sTTI 1

sTTI1

sTTI2

sTTI2 sTTI 3


Figure 2: UE aggregating carriers with different TTI length (CC1 with slot-length TTI and CC2 with subslot-length TTI) and different timing

When the UE generates the PHR MAC CE for transmission on CC1 sTTI4, it may not be aware of the presence of an UL grant for the overlapping subslots on CC2, i.e. sTTI13, sTTI14 and sTT15. Hence for the PHR MAC CE generation, it would assume that there are no UL transmissions and report a virtual PHR for CC2. There should be no negative impact on the TB generation timeline on CC1 (note: for sTTI 13-15, depending on UE capability or processing timeline, actual PHR for CC2 may be included in the PHR sent on CC1). For NR it was for the same reason decided that the UE determines the PHR MAC CE by considering the downlink control information which has been received until and including the PDCCH occasion in which the first UL grant is received since a PHR has been triggered. 

It should be noted though that the UE might be also allocated UL SPS resources, e.g. in sTTI14 on CC2, in which case UE would be aware of the allocated resources (assuming no change in allocation) when generating the PHR MAC CE and would report an actual PHR.

Proposal 3: UE reports virtual PHR for a carrier when UL resource allocation information for PHR reference subslot is not available at the time of generating PHR MAC CE on a carrier with slot-length TTI.    
2
Conclusion
This contribution is discussing UL power headroom reporting for the case of aggregating carriers with different sTTI length (i.e., slot-TTI for a carrier on a PUCCH group and subslot-TTI for another carrier on another PUCCH group). It is proposed to agree on the following:

Proposal 1: If a UE is configured with PUCCH groups with different sTTI length, when PHR is transmitted on a CC with slot-TTI, the UE behaviour w.r.t. PHR should be clarified.

· If actual PHR for subslot-PUSCH is used, a reference PHR subslot - subslot for which PHR is calculated – should be defined for a CC with subslot-TTI.
Proposal 2: The PHR reference subslot is defined as the first subslot of the overlapping subslots which is scheduled for an uplink transmission.
Proposal 3: UE reports virtual PHR for a carrier when UL resource allocation information for PHR reference subslot is not available at the time of generating PHR MAC CE on a carrier with slot-length TTI.    

