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Discussion/Decision
1 Introduction/Discussion
LCP is the procedure to allocate the resource of received grant to the logical channels having data to transmit. REL-8 LCP is designed for the case where only one UL grant is received per TTI. In REL-10, due to UL MIMO and carrier aggregation, multiple UL grants could be issued for a UE. 

To distribute the resource from multiple grants to the logical channels, there are basically two approaches.

· Approach 1 
· Each UL grant triggers LCP. 
· Hence multiple LCPs may be performed per TTI. 
· Approach 2 
· UL grants are summed up first.
· A single LCP is performed per TTI.
In implementation point of view, they are not different very much. Neither running LCP several times nor running additional steps have significant impact to implementation. In specification point of view, approach 1 would be simpler than the approach 2 in a sense that it is basically simple extension of the current LCP procedure. In performance point of view, approach 1 would cause more segmentations (i.e. more RLC PDUs would be produced to transmit the same amount of data) than approach 2. If approach 1 is mandated in the standard, UE implementation would be required to avoid excessive segmentations. This is especially the case when there are many logical channels with Bj more than zero and UE has received multiple UL grants in a TTI. This may not be a typical case, but UE implementation should be prepared to handle such situation without causing too much segmentation. 
One can consider to avoid such problem by negative token. In the approach, UE allocates UL resource to the highest priority logical channel with non-zero token until the resource is exhausted or the buffer is empty. This is not strictly forbidden in the current specification, but UE behaviour becomes more unpredictable when negative token is used more extensively. Please see detail on it in the annex. The unpredictability may not be a huge problem in typical cases, but we like to avoid a solution which would cause a problem in the future.
2 Suggestion
If approach 2 can be specified in the current specification with marginal changes, Samsung has a preference to the approach 2. Samsung believes at least both approaches should be allowed in the standard explicitly or implicitly. It is proposed to discuss the issue and take stage-2 decision based on the outcome of the discussion.

Annex. Unpredictable UE behaviour w.r.t negative token
Negative token is allowed in REL-8 to avoid excessive RLC SDU segmentation due to PBR. Negative token makes PBR usage unpredictable in a sense that PBR is decremented unnecessarily when there is enough room for the MAC PDU to include more data from a logical channel exceeding the current token size. 
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For example, let’s assume that logical channel 1 has 1000 byte data for transmission and logical channel 2 has 200 byte data for transmission. Both logical channels have 100 byte token accumulated so far. UL grant(s) for 1200 byte is/are received for a TTI. Then, 1200 byte MAC PDU containing all data will be generated (for simplicity, MAC header size is not considered). However, the resulting token size is quite different depending on how much negative token is used.

If the negative token is used to the limit, UE first allocate the resource to the higher priority logical channel with non-zero PBR. Let’s assume it is the logical channel 1, then 1000 byte is allocated to the logical channel 1. Since accumulated token is only 100 byte, token is decremented to (-) 900 byte. Since 200 byte is remains, UE seeks for the next higher priority logical channel with non-zero PBR. 200 byte is allocated to the logical channel 2 and the resulting token will be (-) 100 byte.

If the negative token is not used at all, UE first allocate the resource to the logical channels with the non-zero PBR up to the amount of accumulated token, that are 200 byte in total. Then the remaining resource is allocated to the logical channels in accordance with the priority. As a consequence, the resulting token size are zero for both logical channels. 

The difference comes from the fact that in the negative token approach token may be used for data that would have been transmitted in the same TTI even without token. 
Our understanding is that the negative token is an enhancement to avoid excessive SDU segmentation due to small PBR. Thus the negative token should be allowed up to the point where the SDU segmentation is avoided, and it should be avoided to allocated all the resource to a logical channel only because it has non-zero PBR and has huge data. 
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