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1
Introduction
Following agreements on power control/PHR has been made in RAN1 recently:


•        Support PH calculation for PUSCH transmission
–       Calculation for current transmission 

–       FFS: Calculation for non-current transmission
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· Support Pcmax,c reporting for PHR corresponding to NR PUSCH only transmission
· Above is supported at least for sub-6GHz.
· Support one PHR format: PH and Pcmax,c

· FFS: PHR reporting restriction for short UE timeline cases (ex: reporting virtual PHR)
2
Discussion
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. For NR, power headroom reports are expected to be useful for UL scheduling in the same way as for LTE. In LTE, power headroom is defined for each serving cell for a given subframe, also referred to as power headroom reference period/subframe [36.133]. The reported power headroom shall be estimated over 1 subframe. There are two types of power headroom reports defined: Type 1 PHR, considering only PUSCH transmissions and Type 2 PHR considering transmissions over PUCCH and PUSCH. The power headroom can be interpreted as the difference (in dB) between the configured maximum power PCMAX,c(i) of serving cell c and the transmission power determined for PUCCH and/or PUSCH before capping with the configured maximum power.

In LTE CA, UE reports Power headroom information for all activated serving cells in an extended PHR MAC CE. The PH value is based either on an actual PUSCH/PUCCH transmission (actual PHR) or on a reference format (virtual PHR) when there is no actual PUCCH/PUSCH transmission at the time of reporting PHR. The same principle is also reused for NR. 

However there are certain differences between LTE CA and NR CA due to the support of different numerologies, which will also impact the power headroom reporting functionality. Since the TTI length is in LTE the same for all carriers/serving cells the PHR reporting subframes, i.e. subframes which the power headroom information refers to, are aligned across the carriers. Furthermore the timing relation between PDCCH (UL grant) and the corresponding PUSCH transmission is the same for all serving cells in LTE, therefore UE knows whether a PUSCH transmission is scheduled on a serving cell for the PHR reporting subframe when the UE calculates PHR for all cells. 
For NR CA due to the support of different numerologies, one slot/TTI respectively PUSCH duration of a carrier can overlap with multiple slots/TTIs/PUSCH duratrions of another carrier, i.e. eMBB on one carrier and URLLC on another carrier. In this case gNB when receiving an extended PHR would not be aware of which TTI the Power headroom information refers to. For example in a scenario where an extended PHR report is triggered and subsequently transmitted in a slot/TTI, which overlaps with multiple slots/TTIs on a different carrier, gNB would not know which of the overlapped slot/TTI is the reference for the PH calculation.  Therefore 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. 

[image: image2.emf]i-3 i-2 i-1 i i+1 i+2

N-2 N-1 PUSCH (data+ePHR) N+1

i+3 i+4 i+5

P

H

R

 

r

e

f

e

r

e

n

c

e

 

s

u

b

f

r

a

m

e

PHR reporting subframe

U

L

 

g

r

a

n

t

CC1

CC2

U

L

 

g

r

a

n

t

C

o

n

f

i

g

u

r

e

d

 

G

r

a

n

t


Figure 1: PHR reporting for NR CA

Figure 1 shows some exemplary NR CA scenario where different component carriers use a different numerology. The extended PHR MAC CE carrying PH information for the two CCs is transmitted in TTIN on CC1. Since TTIN on CC1 spans over TTIi to TTIi+3 on CC2, a PHR reference TTI needs to be defined in order to ensure that gNB interprets the received PHR correctly. More in detail it should be defined e.g. whether PH information for CC2 has been calculated for TTIi, TTIi+1, TTI i+2 or TTIi+3. It should be also considered that gNB may allocate UL resources by means of configured grants, i.e. as for TTIi+2 on CC2.
It should be noted that from technical point the PHR reference slot/subframe should be defined in a way that UE is as much as possible aware of whether a PUSCH/PUCCH transmissions takes place in the PHR reference TTI. Given that we prefer that PH information is calculated based on the first fully overlapped slot, i.e. PHR reference subframe is TTIi for CC2 in the example. 
Proposal 1: PHR reference slot/subframe for CA operation among NR cells using different overlapping PUSCH/slot durations is the first fully overlapped slot/subframe. 
In [2] further cases for PHR reporting in NR CA with different TTI lengths are discussed, which are copied here for reference. 
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Figure 2: PHR reporting in different TTI lengths 

For the case illustrated in figure 2, it is discussed whether PHR is sent on CC1 or on CC2. We think that in general the UE should, once a PHR is triggered, sent the PHR on the CC1 for which LCP procedure has been started first. For the scenario shown in figure 2, UE should send the PHR on CC1 in slot5. Since UE upon having received the UL grant on CC1 in slot 1 performs the LCP procedure it already considers sending the PHR on CC1. In case UE decides to send the triggered PHR MAC CE on a resource allocated by a later received UL grant, e.g. UL grant received on slot 3 on CC2, UE would need to rerun the LCP procedure for CC1, which might pose a serious challenge for building the TB within the given timing requirements. Even though this may be left to UE implementation, we think it would be simpler to avoid the situation that multiple rounds of LCP may have to be performed. This was the exact reason why RAN2 agreed that the number of LCGs to report in a long BSR is determined before LCP. 

[image: image4.emf]Slot 1 Slot 2

Slot 3 Slot 4 Slot 5 Slot 6

CC1

CC2

Slot 3 Slot 4

U

L

 

g

r

a

n

t

U

L

 

g

r

a

n

t

Slot 5

P

H

R

Slot 7 Slot 8 Slot 9

P

H

R

?

Slot 10 Slot 1 Slot 2


Figure 3: PHR reporting in different TTI lengths 
Also for the scenario shown in figure 3, we think that PHR should be sent on the CC1 fo which UL grant is received first, since LCP procedure is performed first for this CC. Similar as for the case illustrated in figure 2, UE would be required to rerun LCP and TB generation procedure (at least partly) in case the PHR is sent on CC2. 
Proposal 2: When PHR has been triggered, UE shall send the PHR MAC CE on the resources allocated by the first received UL grant.
3
Conclusion
This contribution is discussing power headroom reporting for NR CA. It is proposed to agree on the following:

Proposal 1: RAN2 should discuss PHR reference slot/subframe for CA operation among NR cells using different slot durations and different slot structures.
Proposal 2: When PHR has been triggered, UE shall send the PHR MAC CE on the resources allocated by the first received UL grant.
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