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1. Introduction
In Rel-8/9 MAC specification, UE MAC layer is responsible for performing the Logical Channel Prioritisation (LCP) procedure which involves allocating the UL grant among logical channels (LCH) based on logical channel priority and calculating the corresponding RLC PDU size for each LCH accordingly in 1 TTI. With CA scenarios where there maybe multiple CCs in 1 TTI, how the RLC PDU size(s) is calculated for each of the LCH is studied in this contribution.
2. Discussion
In LTE non-MIMO case, at most only 1 RLC PDU can be generated for each LCH and the RLC PDU size information is provided by MAC layer based on LCP procedure. RLC SDU level segmentation maybe performed. 
In LTE-A CA scenario, the data buffered at RLC layer is filled into multiple CCs based on whether the allocation among LCHs is on the UL grant of each CC or the aggregated UL grants of all CCs [1]. For the case where the allocation among LCHs is on the UL grant of each CC, the LCP procedure can be reused where the PBR is performed only once in a CC or divided across the CCs. For the case where the allocation among LCHs is on the aggregated UL grants of all CCs, there are two options:
· Option 1: MAC requests each RLC entity/logical channel to provide at most 1 RLC PDU for each CC
· Option 2: MAC requests each RLC entity/logical channel to provide at most 1 RLC PDU across all CCs
2.1. Option 1: MAC requests each RLC entity/logical channel to provide at most 1 RLC PDU for each CC per TTI
In this option, MAC calculates the RLC PDU size that is required by each CC from each LCH based on the aggregated UL grants. From LCH point of view, due to more than one RLC PDU maybe generated per LCH per TTI for the different CCs, the potential RLC SDU level segmentation is increased which leads to higher header overhead. 
For example, considering the worst case where the first and last part of each RLC PDU are a segment of original RLC SDU, the related header overhead due to segmentation can be estimated as: n*11*2 bit where n is the number of RLC PDU LCH and 11 is the L field. Another contribution to the higher header is the RLC PDU SN which leads to n*10 bit contribution. Compared with LTE where only 1 RLC PDU is generated, the extra header overhead is: n*11*2-2*11-(n-1)*11+(n-1)*10=(n-1)*11+(n-1)*10. The first part is due to segmentation and the later is contributed by extra RLC PDU SN. Hence it is clear that decreasing RLC PDU number helps to decrease the segmentation and the RLC PDU SN number.
2.2. Option 2: MAC requests each RLC entity/logical channel to provide at most 1 RLC PDU across all CCs per TTI
In this option, the MAC requests at most only 1 RLC PDU from each LCH per TTI and the RLC PDU size is based on the aggregated UL grants.  At MAC layer, the RLC PDUs from all LCHs is mapped onto the scheduled CCs. If one RLC PDU must be placed onto multiple CCs, MAC segmentation happens. Rx MAC layer re-assembles the segments belonging to the same LCH in order to reconstruct the original RLC PDU for high layer process. To guarantee correct re-assembles procedure at Rx MAC layer, the sequence of each segment in its original RLC PDU must be known to Rx side. There are two options:

Option A: Implicit indication based on CC order information
In this option, each CC has order information which is known and synchronized at Tx and Rx. For example, there are three CCs available with order: CC2, CC1, CC3. Assuming Tx MAC segments a RLC PDU into two segments for CC2 and CC3. So Tx MAC puts the first segment on to CC2 and the second segment onto CC3. At the Rx side, MAC knows the segments on CC2 and CC3 belong to the same RLC SDU based on the same LCID information in the MAC PDU header because in Option 2, each LCH only generates at most 1 new RLC PDU per TTI. So data with the same LCHID must belong to the same RLC PDU. Based on the CC order information, Rx MAC reassembles the segments from CC2 and CC3 back into its original RLC PDU.

For this option, the key point is to synchronize eNB and UE on the order of each grant which can be done through following to schemes:

· Scheme A.1: Based on CC index of each grant linked to

In CA scenario, each grant is linked to only one CC which is well known for UE and eNB, based on the PDCCH transmission as well as CIF.  Hence we can order multiple grants based on its linked CC index. The linking information of CC and its CC index is assigned by eNB and inform to UE either by dedicated signaling. At the eNB side, eNB knows the target CC of each grant will be applied and send to UE accordingly. For UE, after receiving multiple grants, UE knows which grant will be applied to which CC without any ambiguity. Hence UE knows the order of each grant based on its linked CC index. 
· Scheme A.2: Based on grant size
Another scheme is to order each grant based on, for example, its grant size, MCS level and so on.  This scheme is not valid when multiple grants have the same grant size and MCS level.

Option B: Explicit indication via new MAC PDU header 
New MAC PDU header is defined to indicate explicitly the order of the MAC PDU across all the CCs. How this new MAC PDU header is defined is for further study.
2.3. Comparison between Option 1 and Option 2
In summary, option 1 and option 2 have the following features:
· Option 1 is in line with LTE and no new procedure is needed. The disadvantage is due to potential RLC SDU level segmentation and multiple RLC PDUs, the header overhead is higher than Option 2
· Option 2 is the optimized one for small RLC header consumption since no RLC SDU level segment is needed and only one RLC PDU SN is enough. The drawback is that one segment failure will lead to whole RLC PDU loss due to different radio condition on different CC. This can be resolved to some extent by different MCS level and TB resource on different CC by scheduler to deal with different radio condition.
3. Conclusion

RAN 2 is requested to discuss the proposals below:

Proposal 1: It is proposed to discuss the two options below:
· Option 1: MAC asks each RLC entity/logical channel to provide at most 1 RLC PDU for each CC per TTI
· Option 2: MAC asks each RLC entity/logical channel to provide at most 1 RLC PDU across all CCs per TTI

Proposal 2: If Option 2 is selected, it is further proposed to discuss the two options used to indicate the order of each segment in its original RLC PDU for correct Rx MAC re-assemble purpose:

· Option A: Implicit Indication based on CC order information

· Option B: Explicit Indication via new MAC header
Proposal 3: If Option A is selected, we also need to discuss how the CC is ordered:

· Scheme A.1: Based on CC index of each grant linked to

· Scheme A.2: Based on grant size
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