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1 Introduction
RAN2 has made significant progress on carrier aggregation, therefore, based on the consensus that have reached, discussion on more detailed but still important aspects can now be initialized. Among those aspects are scheduling related, this paper specifically focused on:
· Buffer status reporting;

· Power headroom reporting;

· Logical channel prioritization.

This paper focused on these aspects and hopes to make progress.
2 UL information
Uplink information, e.g. BSR, PHR, and SR, is prepared and sent by a UE to report necessary information to assist the scheduling at the eNB side. In CA mode, for a TTI, if more than one grant is available on multiple UL CCs, one essential question is Rel-8 rule/format enough? Or new rule/format should be introduced for CA?

For SR, a single UL PCC was agreed so PUCCH location is decided and there is an on-going discussion on Q1 in RAN1. Therefore, we focused on BSR/PHR for following sections.
2.1 Buffer status reporting

The BSR procedure is used to provide the serving eNB with information about the amount of data available for transmission in the UL buffers of a UE. There are several triggers.
Regular and Periodic BSR

Since CA is within the same eNB and BSR information is up-to-date, it seems unnecessary to prepare multiple BSR in the same TTI even if more than one BSR has been triggered. Therefore, it is proposed that in principle only one BSR per TTI. So even there are more than one UL grant in a TTI on different CCs, only one TB would be included with a Regular or a Periodic BSR.
Padding BSR

Padding BSR is triggered only when there is enough padding bit for including a BSR. If Rel-8 mechanism is reused, the trigger works on a per TB basis. Therefore, there is possibility that more than one Padding BSR is included on different TBs for a TTI. Since these are extra resource, no real problem with multiple copies, especially for Short and Long BSR. For Truncated BSR, if more than one Truncated BSR is generated in a TTI, a possible enhancement is to include the buffer size of different LGCs.
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Figure 1 Example on multiple UL grants

If there is more than one UL grant, it is worthwhile to discuss when to prepare the BSR. According to the Rel-8 mechanism, the buffer size identifies the total amount of buffered data after the MAC PDU has been built. Considering the two UL grants example in Figure 1, if we follow Rel-8 mechanism to prepare multiple TBs sequentially, a regular BSR with buffer size 150 would be included in UL grant A and then the trigger would be cancelled. Next, another 100 data would be included in Grant B. At the end of the TTI, only 50 left in the buffer, however, the BSR indicated 150. Ideally, the BSR should indicate the amount of buffered data after all the MAC PDUs have been built for a TTI. We think this understanding is more align with the original concept. Therefore, some modification on Rel-8 mechanism may be needed.
However, if we want to keep the “single MAC PDU” concept in Rel-8 and still want to have the latest buffer status transmitted, one option is to only consider BSR when preparing the last TB if there is more than one TB in a TTI.
In this section, we generally think that Rel-8 BSR mechanism can be reused with clarifications. 
Proposal 1 Rel-8 BSR mechanism is reused with following modifications:

1) For a TTI, only one BSR would be included for Regular and Periodic BSR.
2) For a TTI, BSR shall identify the buffer status after all MAC PDUs have been built.
2.2 Power headroom reporting

The PHR 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. If there is more than one UL CC, individual power headroom reporting is necessary. RAN1 has also agreed that PHR is reported per CC.
Since only information related to TB preparing was revealed to MAC, it is not clear whether MAC can identify the UL CC of a TB. If this is the correct understanding, when PHR procedure is triggered, a UE would simply prepare a PHR and include it to a TB which could be sent on any UL CC, i.e. a UL CC1 PHR may be included in a UL CC2 TB. With no explicit indication, eNB can not know which UL CC triggered the PHR. Therefore, it is proposed to have a new format of PHR MAC CE, which includes the CIF of the triggered UL CC. This CIF information can be obtained along with the value of power headroom from PHY. Such mechanism preserves Rel-8 procedure since it does not require MAC to identify the UL CC when preparing a PHR. It also allows a PHR to be carried by any TB.
Originally, only one PHR is allowed per TTI in Rel-8. For CA, if more than one UL CC triggered PHR, multiple PHR in one TB is reasonable as long as they are for different UL CCs.
The value of RRC parameters, periodicPHR-Timer and prohibitPHR-Timer can be shared by all UL CCs. However, each UL CC still has to maintain its own timers. For dl-PathlossChange, RAN1 has been discussing on the possibility of a pathloss offset, so different value may be used for each UL CC. 
New PHR trigger

In [3], scaling factor was discussed to scale down the transmission power for all PUSCH to make the total transmit power falls below the maximum UE transmit power. This proposal revealed the possibility that eNB may require total transmission power higher than the maximum UE transmit power. When such case happens, scaling factor is an option to solve the problem right away. However, since the power is reduced for an UL CC, it may not satisfy the need for the MCS required by eNB. Therefore, the equally important thing is to inform eNB before the total transmission power has reached the maximum UE transmit power, e.g. a UE notifies eNB that the total transmission power is approaching the maximum or scaling down has happened. This information helps eNB to set a proper MCS on each UL CC.
In this section, we concluded that Rel-8 PHR mechanism can be reused with modifications.
Proposal 2 Rel-8 PHR mechanism is reused with following modifications:

1) New PHR MAC CE with CIF;

2) For a TTI, only one PHR for each UL CC is allowed;
3) Each UL CC maintains its own timers. Values of PHR related timers are shared by all UL CC.
Proposal 3 A new PHR trigger to inform eNB that total transmission power has approached the maximum UE transmit power or scaling down has happened.
3 Logical channel prioritization
Logical channel prioritization is the rule to multiplex different logical channels on a TB. All the LCP parameters are related to logical channels which are foreseen to remain the same in CA mode. In CA, all TBs are applied the same LCP procedure just as in Rel-8, the only difference is there may be more than one TB prepared for each TTI. Besides this clarification, it seems the rest of the procedure can be reused in CA mode.
Proposal 4 Rel-8 LCP mechanism is reused in CA.
4 Conclusion
This paper has analyzed the reusability of Rel-8 BSR, PHR, and LCP procedure in CA mode. Following proposals were made to progress the discussion in RAN2:
Proposal 1 Rel-8 BSR mechanism is reused with following modifications:

3) For a TTI, only one BSR would be included for Regular and Periodic BSR.

4) For a TTI, BSR shall identify the buffer status after all MAC PDUs have been built.

Proposal 2 Rel-8 PHR mechanism is reused with following modifications:

4) New PHR MAC CE with CIF;

5) For a TTI, only one PHR for each UL CC is allowed;

6) Each UL CC maintains its own timers. Values of PHR related timers are shared by all UL CC.

Proposal 3 A new PHR trigger to inform eNB that total transmission power has approached the maximum UE transmit power or scaling down has happened.

Proposal 4 Rel-8 LCP mechanism is reused in CA.
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