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1. Introduction 

In RAN2#69bis, the issues of PHR transmission were discussed [1]

 REF _Ref260268000 \r \h 
[2] and the following open issues were captured [3]:

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

In this paper, we further discuss the above aspects of PHR as well as other issues related UL MAC CE transmission.

2. PHR

For the first open issue of whether the network should configure the need for PHR for each configured UL CC, there are several aspects that need to be considered:

· For UL CCs in the same band and where the same DL CC can be used to provide pathloss estimate, one PHR may be sufficient to represent the power headroom of these UL CCs.

· If eNB does not plan to schedule some of the configured UL CCs, there is no need for the UE to transmit the PHR of that UL CC. Note that this issue only arises if we decide that the PHR of an UL CC can be sent on another UL CC. See further discussion below.

· Since UL PCC is used to transmit PUCCH. PHR should always be required for the UL PCC.

Proposal 1: PHR should always be required for the UL PCC. eNB should be allowed to configure whether PHR is needed on a particular configured UL SCC.

For the second open issue of whether PHR is sent only on the concerning UL CC or can be sent on another UL CC, the following aspects should be considered:

· In Rel-8/9, PHR is not transmitted if there is no PUSCH resource scheduled. This is inevitable since there is only one UL carrier assigned to a UE. The eNB can allocate conservative MCS/resource to the UE for the first PUSCH transmission if the previous PHR is considered out of date. This, however, introduces unnecessary latency and reduces efficiency in the UL transmission especially for high priority traffic/signalling.

· For the case of carrier aggregation in Rel-10, the above latency/inefficiency can be avoided by allowing the PHR of a UL CC to be sent on another UL CC which is scheduled. This also allows the eNB to compare the PHR of different configured UL CCs and may use the information to decide which UL CCs should be scheduled.

· The main complexity associated with sending the PHR of a UL CC on another UL CC is the transmit power reference used to calculate the power headroom. We suggest RAN2 to check with RAN1 on the feasibility of calculating the power headroom of a UL CC if the UL CC is not scheduled for transmission.

Proposal 2: RAN2 to agree that PHR of a UL CC can be sent on another UL CC, unless RAN1 indicates that it is not feasible to calculate the power headroom of a UL CC if the UL CC is not scheduled for transmission.

For the third open issue of whether the PHR timers should be per UE or per CC, there are several aspects that need to be considered:

· When multiple UL CCs use the same DL CC to provide pathloss estimation (e.g. in intra-band carrier aggregation), it is possible that PHR on all these UL CCs will be triggered simultaneously and therefore one set of timers is sufficient. However, in this case, PHR of one of the UL CCs may be sufficient to represent the power headroom of all the other UL CCs.

· The above observation may not be true if different dl-PathlossChange are configured for different UL CCs. This may be desirable if different CCs have different coverage. In this case, even if the same DL CC is used to provide pathloss estimation to multiple UL CCs, the PHR will not be triggered simultaneously across all these UL CCs.

· For the case of inter-band carrier aggregation or deployment scenario 3 where different UL CCs may require different DL CCs as reference for pathloss estimation, per UE PHR timers will not be adequate.

· Overall, defining PHR timers per CC provides the most flexibility to address different deployment scenarios without really incurring too much complexity for the UE. In addition, it is also desirable to allow configuration of CC-specific PHR parameters, i.e. dl-PathlossChange, periodicPHR-Timer and prohibitPHR-Timer.
Proposal 3: PHR timers are defined per UL CC. In addition, PHR parameters are configured per UL CC.

3. MAC CE Transmission

The issue of UCI transmission on PUSCH may need to be considered when deciding whether MAC CE can be transmitted on any of the scheduled UL CCs or only on certain scheduled UL CCs. When UCI is transmitted on a PUSCH, i.e. multiplexed with UL-SCH data, there is associated puncturing or rate matching loss on the UL-SCH. The puncturing or rate matching loss may be severe if the amount of UCI is large especially when CSI (CQI, RI, PMI) of multiple UL CCs and up to 10 HARQ ACK/NACKs (see [4]) are fed back. Although puncturing or rate matching loss may be compensated by HARQ retransmissions, there is inherent increase in latency due to increased number of HARQ retransmissions. The increase in latency would be undesirable for MAC CE in particular BSR of delay sensitive or high priority logical channel traffic, including SRB1. Therefore, there may be a need to avoid sending MAC CE and UCI on the same scheduled UL CC. The same may apply to SRB1 where SRB1 should not be sent on the same UL CC as the UCI. 

Currently in RAN1, the issue of which scheduled UL CC to transmit UCI when UCI is transmitted on PUSCH is still open. We suggest RAN2 to check with RAN1 and suggest to RAN1 to consider the potential impact of UCI transmission on the PUSCH carrying MAC CE and other high priority logical channel data.

Proposal 4: RAN2 to check with RAN1 and suggest to RAN1 to consider the potential impact of UCI transmission on the PUSCH carrying MAC CE and other high priority logical channel data.

4. Conclusions

In this paper, we discussed the issues related to PHR and MAC CE transmission for carrier aggregation. Here is a summary of our proposals:

Proposal 1: PHR should always be required for the UL PCC. eNB should be allowed to configure whether PHR is needed on a particular configured UL SCC.

Proposal 2: RAN2 to agree that PHR of a UL CC can be sent on another UL CC, unless RAN1 indicates that it is not feasible to calculate the power headroom of a UL CC if the UL CC is not scheduled for transmission.

Proposal 3: PHR timers are defined per UL CC. In addition, PHR parameters are configured per UL CC.

Proposal 4: RAN2 to check with RAN1 on the potential impact of UCI transmission on the PUSCH carrying MAC CE and other high priority logical channel data.
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