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1 Introduction

It has been so far agreed by RAN1 in ‎[1] and ‎[2]:

-
PHR report should include CC specific reports for PUCCH/PUSCH;

-
FFS whether individual or combined PUCCH/PUSCH PHR;

The corresponding LS was sent to RAN4, cc RAN2 in ‎[3] that :

Power headroom reporting:

-
Per CC; 

-
FFS whether or not PHR is per channel (i.e. PUSCH / PUCCH) within each per-CC PHR;

In addition, RAN4 has replied to RAN1, cc RAN2 in ‎[4] and another related one to RAN1 ‎[5] that:

-
RAN4 would also like to point out that for some deployment scenarios simultaneous PUSCH/PUCCH and PUCCH/PUCCH transmissions in non-adjacent RBs may not be feasible or possible so RAN4 kindly asks RAN1 to specify a fallback mechanism to Rel-8 and Rel-9 signalling.

So the per channel PHR may not be supported in LTE-A. And RAN2 has three open issues on PHR after the last meeting:

1) Is there a need to allow the network to configure the need for PHR per UL CC?

2) PHR sent only on the concerning UL CC, or can also be sent on other UL CC?

3) One set of PHR timers per UE, or different timers per UL CC?

Based on the RAN1 and RAN4 agreements, this paper focuses on these RAN2 open issues to discuss the impact of power headroom report (PHR) for CA.
2 Discussion
2.1 PHR Configuration
Q: Is there a need to allow the network to configure the need for PHR per UL CC?

In order to support the wideband transmission, the serving eNodeB may configure the multiple candidates of UL and DL CCs to the specific UE which has already established the RRC connection with it. But it does not mean that the serving eNodeB should schedule the UL grants on all UL CCs configured. So the UL CCs configured without UL scheduling would exist for a while or a long time in one UE. Because the eNodeB would not schedule the UL grant on these unused UL CCs, it would just increase the load of UE for reporting power headroom for these CCs, e.g. PHR triggering, calculation, multiplexing and transmission. 
Proposal 1: The network should enable/disable the PHR per UL CC.
According to the R8/9 specification, the default configuration of UL carrier is “release”, that means if the PHR is not configured, no PHR will be reported.  This behaviour is compatible with CA.
Proposal 2: On a CC the PHR disabled by default until a PHR setup configuration is received.
Q: One set of PHR timers per UE, or different timers per UL CC?

In LTE R8/9, the following parameters should be configured for PHR setup for one specific UE: periodicPHR-Timer, prohibitPHR-Timer and dl-PathlossChange;

For the timers it is fine to have one value per UE. As pathloss is concerned, there may be significant difference between CCs belonging to different bands, however the parameter indicates the amount by which the quantity must change before reporting. Hence it seems fine to have one such parameter per UE also.
Proposal 3: all UL CCs share the same values of periodicPHR-Timer, prohibitPHR-Timer and dl-PathlossChange. 

2.2 CC PHR Procedure Impact
The serving eNodeB may add new UL CC to the UE, which is already working under carrier aggregation. If the CC PHR is not prohibited in the configuration, i.e. setup, the PHR of corresponding CC shall be triggered and may be reported. So it is difficult to keep the periodicPHR-Timer or prohibitPHR-Timer alignment between the CCs of one UE. Although CC PHR configuration could share the common configuration for some extent, PHR procedure should be controlled and performed per CC. 

If PHR of R8/9 is already triggered, UE will report the power headroom whenever it received the UL resource. For LTE-A, UE may receive the UL grant from any CC after the PHR of one specific CC is triggered. In general, PHR reflects the headroom between the UL transmission power and the maximum transmission power of one specific CC. So if the UL CC that triggered PHR is different with the UL CC that receives the UL grant, UE should not report the PHR.

Proposal 4: PHR procedure should be controlled and performed per CC.
Proposal 5: PHR could be reported only when corresponding CC receives the UL grant.
2.3 CC PHR Identification
Q: PHR sent only on the concerning UL CC, or can also be sent on other UL CC ?

In carrier aggregation, there may be more than one UL CC for one specific UE. If UE reports the PHR for each CC, the serving eNodeB may receive more than one PHR in one TTI, or maybe in the same transport block, depends on the further transmission design for PHR and multiplexing procedures. Two possible solutions could be considered to map PHR to the CCs being reported:


Option 1: PHR is reported on the UL CC, in which the headroom is calculated; or 


Option 2: CC identifier is reported with the power headroom information;

The brief pros and cons are given in the table following:
	Options
	Pros
	Cons

	Option 1: PHR is reported on the UL CC, in which the headroom is calculated
	Zero  impact to R8 PHR format.
	PHR for different CC should be multiplexed into the different TB. The PHR multiplexing may need to be enhanced.

	Option 2: CC identifier is reported with the power headroom information
	PHR could be multiplexed in any CC.
	PHR format should contain the CC identifier.



With regard to the lower complexity and specification impact, we prefer option 1 without new MAC CE format.

Proposal 6: The PHR MAC CE in the MAC PDU on CCx reports the power headroom for CCx.
2.4 Padding PHR
In LTE R8/9, if the padding bits appear after the LCP procedure, the UE will try to make use of the padding bits for BSR. If PHR is also permitted to be reported through padding bits, UE would have to decide whether padding PHR or padding BSR should be reported when the padding bits are available. Additional rule for padding PHR and BSR transmission priority should be defined. For example, the padding PHR could be reported if there are additional padding bits after multiplexing the padding BSR.

Observation 2: If padding PHR is introduced, a new transmission priority rule for padding PHR and padding BSR should be added.

The motivation of padding PHR is making use of the padding bits and increasing the frequency of reporting power headroom. In R8/9, PHR of specific UE is controlled by the PHR procedure based on the configuration from the serving eNodeB. If the serving eNodeB need the PHR frequently, e.g. pathloss of UE is changed frequently, the serving eNodeB could configure the shorter prohibit-timer and/or smaller dl-pathlossChange value for this UE. So the serving eNodeB also could get the power headroom from the UE by configuring the proper PHR configuration parameters.

Observation 3: The eNodeB could increase the PHR frequency and get the power headroom information in time by configuring the proper PHR parameters.

Generally no significant advantage of padding PHR has been identified
Proposal 7: Padding PHR should not be introduced unless significant benefit is illustrated.
3 Conclusion

Proposal 1: The network should enable/disable the PHR per UL CC.
Proposal 2: On a CC the PHR disabled by default until a PHR setup configuration is received.
Proposal 3: all UL CCs share the same values of periodicPHR-Timer, prohibitPHR-Timer and dl-PathlossChange. 

Proposal 4: PHR procedure should be controlled and performed per CC;
Proposal 5: PHR could be reported only when corresponding CC receives the UL grant.

Proposal 6: The PHR MAC CE in the MAC PDU on CCx reports the power headroom for CCx.
Proposal 7: Padding PHR should not be introduced unless significant benefit is illustrated.
4 Reference

[1] R1-100815, “Summary of offline discussion on UL PC”, Nokia Siemens Networks;
[2] R1-101558, “Final Report of 3GPP TSG RAN WG1 #59bis v2.0.0”, RAN1;
[3] R2-100877, “LS on uplink power control in LTE-A (R1-100831; to: RAN4; cc: RAN2)
“, RAN1
[4] R2-101965, “LS reply on uplink power control in LTE-A (R4-101064; to: RAN1; cc RAN2)”, RAN4;
[5] R4-101082, “LS on simultaneous PUSCH and PUCCH and clustered SC-FDMA (to: RAN1)”, RAN4;








































































































































































































































































































































 4/4

