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1. Introduction

In the 68bis meeting, there were several contributions [1-4] in the area of Logical Channel Prioritisation (LCP).  In this contribution, we summarise the different proposals and suggest a way forward.
2. Various proposals
There are 3 proposals from the contributions [1-4] in the last meeting and the following can be summarised about them:
1. LCP is performed multiple times per TTI for each UL grant from each UL CC. PBR is repeated for every UL grant.  A variant of this is to divide the PBR of each logical channel over all the UL CCs.
2. LCP is performed multiple times per TTI for each UL grant from each UL CC. PBR is performed on only 1 UL grant
3. LCP is performed only once per TTI for the sum of the UL grants from all the UL CCs.  PBR is performed only once for all the UL grants in a TTI.
All the contributions seem to prefer Option 3 since it provides the least RLC segmentation and thus the least RLC overhead. One reservation pointed out in 1 contribution is that it should not be too complex to implement it in the specs.  In the following section, we look at whether it is complicated to implement Option 3.
3. Complexity of implementing Option 3 to LCP
In this section, we analyse further the complexity of implementing Option 3 to LCP.
The following is an extract of the LCP procedure from TS36.321:
<<

5.4.3.1
Logical channel prioritization

The Logical Channel Prioritization procedure is applied when a new transmission is performed.

RRC controls the scheduling of uplink data by signalling for each logical channel: priority where an increasing priority value indicates a lower priority level, prioritisedBitRate which sets the Prioritized Bit Rate (PBR), bucketSizeDuration which sets the Bucket Size Duration (BSD).

The UE shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD, where PBR and BSD are configured by upper layers.
The UE shall perform the following Logical Channel Prioritization procedure when a new transmission is performed:

-
The UE shall allocate resources to the logical channels in the following steps:

-
Step 1: All the logical channels with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a radio bearer is set to “infinity”, the UE shall allocate resources for all the data that is available for transmission on the radio bearer before meeting the PBR of the lower priority radio bearer(s);

-
Step 2: the UE shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1

NOTE:
The value of Bj can be negative.

-
Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

-
The UE shall also follow the rules below during the scheduling procedures above:

- 
the UE should not segment an RLC SDU (or partially transmitted SDU or retransmitted RLC PDU) if the whole SDU (or partially transmitted SDU or retransmitted RLC PDU) fits into the remaining resources; 

-
if the UE segments an RLC SDU from the logical channel, it shall maximize the size of the segment to fill the grant as much as possible;

-
UE should maximise the transmission of data.

>>

In the above text, it is clear from the existing Rel-8 spec that the logical channel prioritisation should only be performed once on a per TTI basis as in the first highlight.  The only change that seems to be needed is to allow for the aggregation of all the UL grants in that TTI as shown in the second highlight of the text.  The changes can, for example, be as follow:

-
Step 3: if any resources remain, all the logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the aggregated UL grant from all activated CC is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.

Hence the changes to the LCP procedure are marginal.
Hence it is proposed that:

Proposal: It is proposed that LCP is performed only once per TTI for the sum of the UL grants from all the UL CCs.  PBR is performed only once for all the UL grants in a TTI.
4. Conclusion
It is requested that RAN 2 discuss the impact to LCP procedure due to CA introduction and agree to the proposal below:

Proposal: It is proposed that LCP is performed only once per TTI for the sum of the UL grants from all the UL CCs.  PBR is performed only once for all the UL grants in a TTI.
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