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1.
Introduction
In LTE, the UE has an uplink rate control procedure called Logical Channel Prioritization (LCP) which manages the sharing of uplink resources between RBs. For LCP procedure, a logical channel priority and a prioritised bit rate (PBR) are given to each RB. 
The LCP procedure in LTE targets for filling up a MAC PDU to be transmitted on a single carrier. However, in LTE-Advanced, there could be multiple UL carriers, which mean that the LCP procedure should take care of multiple MAC PDUs in one TTI. Therefore, some modifications might be needed in the LCP procedure for aggregated carriers
2.
PBR enforcement
For multiple carriers, LCP should produce multiple MAC PDUs, i.e. one MAC PDU per carrier. In applying LCP for multiple carriers, no standard changes from the LTE LCP procedure are foreseen except the PBR enforcement. The PBR is the bit rate that is minimally guaranteed by each RB. If the PBR is enforced to each carrier, the actual PBR would be increased up to N (number of carriers) times of PBR. Thus, some modifications are needed in PBR enforcement.

Depending on how to enforce the PBR to available transmitting resource of multiple carriers, different resource allocation to RBs is expected. Here, three possible options are considered.

Option1) PBR is divided by each carrier, and divided PBR is enforced to each carrier.
Option2) PBR is enforced to first carrier(s)
Option3) PBR is enforced to total available transmitting resource of all carriers.
2.1 Divided PBR enforcement to each carrier
In this option, the PBR of each RB is divided by the number of carriers, and the divided PBR is equally enforced to each carrier. For each carrier, the transmitting resource is first allocated to the divided PBR, and the rest of the resource is allocated based on the absolute priority rule. Consequently, each MAC PDU contains at least PBR amount of data from each RB.
An example is shown in Fig.1. In this example, it is assumed that three carriers are available, and they are prioritized for transmission as Carrier2 > Carrier3 > Carrier1 based on the size of UL grant (carriers can be prioritized by other criteria, e.g. channel condition, carrier type, or even by eNB signalling). Also, it is assumed that three RBs are multiplexed, and they have logical channel priorities as RB1 > RB2 > RB3.

Note that RLC of each RB has to construct three RLC PDUs in a single TTI, for example of RB1 where RLC PDUs with sizes 1667, 366, and 167 are constructed.
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[Fig.1] Divided PBR enforcement to each carrier

2.2 PBR enforcement to first carrier(s)
Fig.1 shows that Option1 forces RLC to construct many RLC PDUs due to the divided PBR. To avoid lots of RLC segmentation, the PBR could be enforced to first one (or more) carrier. The PBR amount of data from each RB is allocated first to the resource of first one or more carriers, and the rest of resource is allocated based on the absolute priority rule. An example of this option is shown in Fig.2 with the same assumption as in Fig.1.
Note that the PBR is enforced only to Carrier2, and it is not enforced to Carrier3 and Carrier1.
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[Fig.2] PBR enforcement to first carrier

2.3 PBR enforcement to total resource

The total available transmitting resource from all carriers could be considered together in LCP procedure. The available resource of each carrier is summed up, and the total resource is used for LCP. After applying the LCP to total resource, the resource allocated to each RB is calculated. Then the RLC of each RB can construct RLC PDUs based on the resource size per carrier. An example of this option is shown in Fig.3. As can be seen in Fig.3, this option generates least number of segments among three options.
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[Fig.3] PBR enforcement to total resource

3.
Proposal
This document discusses how the logical channel prioritization procedure is applied to multiple carriers. Depending on the PBR enforcement method, different RLC PDU construction is expected. Considering one of the requirement in LTE LCP procedure, i.e. UE shall maximize the size of RLC SDU segment, Option3 seems to be the best among all options. Thus, we propose that;
Proposal) Available transmitting resource of each carrier shall be summed up, and the total available transmitting resource shall be considered in logical channel prioritization procedure.
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