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1
Introduction 
There are some new requirements for the logical channel (LCH) prioritization procedure for carrier aggregation (CA). In RAN2#67, [1] addresses the issue of efficient mapping of LCH and component carriers (CC), [2] addresses the issue of PBR enforcement on CCs. This contribution provides some more information on PBR enforcement policies.
2
Discussion
2.1
Essential issues to be considered
In single carrier scenario of LTE Rel-8, the basic principle of LCH prioritization is to distribute an UL grant for a TTI to LCHs to meet their PBR requirements. For CA, new requirement is to distribute multiple UL grants among LCHs.
To meet the new requirement, mainly two issues are to be considered:

Issue 1: How to map LCHs to CCs for a TTI to achieve better performance?

Issue 2: What amount of data from a LCH can be scheduled on a CC for a TTI?

In [1], Issue 1 is the main focus and some enhancements are proposed for the mapping of LCHs and CCs. The basic idea is to choose the most appropriate CC for a LCH according to radio condition of a CC and QoS requirements of a LCH. By applying the proposed principles, more efficient scheduling performance can be achieved.
In [2], Issue 2 is the main focus and the same LCH prioritization procedure as that in LTE Rel-8 is applied by treating the multiple UL grants as a whole resource pool. The solution in [2] also assumes a priority order of CCs when UL grants for CCs are consumed by the LCHs. When distributing UL grants, the priority order of LCHs corresponds to the priority order of CCs. The essential functionality and performance of LCH prioritization as that in LTE Rel-8 can be expected.
2.2
PBR enforcement
Based on option3 in [2] “PBR is enforced to total available transmitting resource of all carriers”, a new option can be added to the PBR enforcement approaches by considering enhancements proposed in [1]. 

In this option, the PBR is enforced to the most appropriate CC respectively. If the available resource of the chosen CC can not meet the PBR requirement, resources on other CCs are considered. E.g. choosing a CC based on the same principle but may be the second most appropriate CC. This option also considers the total available resources for PBR enforcement, the main difference is the PBR of a LCH is first enforced on its corresponding CC. The calculation of resources that a LCH can get is similar to option3 in [2], the order of CCs when allocating the resources may be different from that in option3 in [2]. 
For the convenience of comparison and understanding of this option, the same example as in [2] is used, and also the colours in the figures represent the same meaning. Two algorithms for this option are possible, the differences mainly lie on the calculation steps, and the results are the same.
Algorithm 1: 
Step 1: All the LCHs perform the CC mapping principles proposed in [1] in a decreasing priority order, and decide on which CC they should force their PBRs respectively in the first turn of resource allocation, then allocate resources on the corresponding CC up to their PBRs. If the PBR on the corresponding CC can not meet the PBR requirement, consider resources on other CCs according to the principle described above.

Step 2: If any resources remain, all LCHs are allocated resources in a decreasing priority order first from their corresponding CCs. If the resources on the corresponding CC can not meet the requirement for the transmission of data from higher priority logical channels, resources from other CCs can be considered. The choosing of other CCs can also use the same principle described above.  
Figure 1 shows the result of this algorithm. In this example, assuming the mapping relationship chosen by applying principles in [1] is “RB1 corresponds to CC2; RB2 corresponds to CC3; RB3 corresponds to CC1 respectively”. In the first turn, RB1~RB3 enforce their PBRs on their corresponding CCs. In the second turn, RB1~RB3 consumes the remain resources on their corresponding CCs, for higher priority LCHs, if the resource on its corresponding CC is not enough for the UL transmission, resource on other CCs are allocated. In this example, in the second turn, RB1 chooses CC3, RB2 chooses CC1, if RB1 or RB2 chooses different CC for the second turn, the result would be different.
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Figure 1
Algorithm 2: 
Step 1: As in [2], all the available resources are considered for PBR enforcement and each LCH in decreasing priority order calculates the amount of resources it can get. 

Step 2:  All the LCHs perform the CC mapping principles proposed in [1] in a decreasing priority order, and decide on which CC they should allocate their calculated amount of resources. The principle is to allocate maximum resources from the appropriate CC to the corresponding LCH. If the resource from the corresponding CC can not meet the calculated resources of a higher priority LCH, then consider to allocate resources from other CCs. The result would be the same as algorithm 1.
Figure 2 shows the result of this algorithm. In this example, assuming the mapping relationship chosen by applying principles in [1] is “RB1 corresponds to CC2; RB2 corresponds to CC3; RB3 corresponds to CC1 respectively”. Since the order of CCs is the same as the example in [2], the result is the same. Figure 2 is also the same as in [2], to put it here is for reading convenience. We should notice that if the CC order is different for this example, the result would be different from that in [2]. Also when considering other CCs for transmission of higher priority LCHs, RB1 chooses CC3, RB2 chooses CC1 in this example, if RB1 or RB2 chooses different CC, the result would be different.
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Figure 2 ([the same as figure for option3 in [2])
By applying the enhanced principles in [1] and the algorithms in this contribution, better performance of PBR enforcement can be expected.
Proposal: A LCH should maximize the resource usage from its most appropriate CC for PBR enforcement. 

3
Conclusion 
An improved PBR enforcement solution for CA is discussed in this document.
Proposal: A LCH should maximize the resource usage from its most appropriate CC for PBR enforcement. 
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