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1 Introduction

For each new transmission opportunity the UE performs Logical Channel Prioritization (LCP) in order to manage the sharing of UL resources among the Logical Channels (LCH). Each LCH may be configured via RRC with a priority and a Prioritized Bit Rate (PBR).

In LTE (Rel-8/9) the UE will have at the most one UL grant at the time (per TTI), since it may only be configured with one UL carrier. In LTE-Advanced (Rel-10) however, an UE may be configured with multiple UL carriers and thus have multiple UL grants. This paper will look at which modifications, if any, that needs to be done to adapt the existing LCP in order to support multiple UL grants.

2 Logical Channel Prioritization for multiple UL grants
In Rel-10, when Carrier Aggregation is introduced, it will be possible for an UE to be configured with up to 5 UL carriers and with that it may have up 5 UL grants per TTI. 
The Rel-8/9 LCP mechanism is executed per transmission and the resources are allocated until the UL grant is exhausted. The following example will show that the existing mechanism can be applied also for Carrier Aggregation by iterating through the LCP mechanism (Step 1 to 3 in Figure 1) once for each available UL grant. 
This chapter will show how the existing LCP may be used also for multiple UL grants. The following paragraph is a taken from the MAC specification, TS 36.321
Figure 1: LCP according to Rel8/9
	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.




Taking an example with three logical channels with Bj set to 400, 200 and 300 respectively (see Figure 2) it will be shown that the existing specification accommodates the LCP for multiple UL grants as well. The UE has three carriers which each has an UL grant which can accommodate 1200 bits. Hence the total available amount of UL resources is 3600 bits.

[image: image1.emf]400

800

1200

Bj = 400 Bj = 200 Bj = 300

LCH 1,

Prio high

LCH 2,

Prio medium

LCH 3,

Prio low


Figure 2: Buckets Bj and data available for transmission per LCH when LCP is initialized (first UL grant in subframe)
Considering the first UL grant, the UE will start to execute step 1. Since all LCH has Bj > 0, the UE will allocate resources for BRB bits from each channel in priority order. The UE will then proceed to step 2 and decrement each Bj value.
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Figure 3: Buckets Bj and remaining data after executing Step 1 and 2 for the first UL grant
The UE will then proceed to Step 3 and conclude that it has 300 bits left to allocate for this UL grant (see Figure 3). These 300 bits are allocated from LCH 1 according to the strict priority order. The UE then considers the first UL grant as exhausted and continues the LCP procedure with the next UL grant. 
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Figure 4: Buckets Bj and data remaining after the first UL grant has been exhausted

For the second UL grant the UE will start over with Step 1 and conclude that Bj>0 is not true. It may therefore proceed to Step 3 (since Step 2 is tightly coupled to Step 1) to allocate resources in a strict priority order. Once the second UL grant is exhausted, the UE will proceed with the next UL grant in the same manner until all UL grants for the specific TTI are exhausted (Figure 5).
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Figure 5: LCP has finished for all UL grants

Based on this analysis we come to the conclusion that the LCP algorithm defined for Rel-8 and Rel-9 can be applied as is also for Rel-10 with carrier aggregation. 
However, to avoid any confusion it should be clarified that the algorithm is applied once per UL grant, i.e., once per CC. For example the first sentence in chapter 5.4.3.1 in 36.321 could be extended with the text marked in blue.

“The Logical Channel Prioritization procedure is applied when a new transmission is performed, i.e., the UE shall iterate over Steps 1-3 once per UL grant.” 

Proposal 1 The LCP mechanism as described in 36.321 for Rel-8 and 9 can be used also for Rel-10 Carrier Aggregation. A clarification should be added in 36.321 (Rel-10) to indicate that the LCP should be iterated once per UL grant.
According to the Rel8/9 specification (Figure 1), the UE should minimize header overhead that is typically caused by segmentation and multiplexing. The allocation obtained from Steps 1-3 (Figure 6) should therefore be used as indicated in Figure 7. That is, the allocations obtained from Step 1 and 3 are accumulated within a carrier before requesting the MAC SDU from higher layers.
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Figure 6: LCP allocation according to Steps 1-3
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Figure 7: MAC Multiplexing according to Rel-8/9
In order to further reduce RLC segmentation and MAC multiplexing overhead, the allocation obtained in Steps 1-3 (Figure 6) could be re-arranged to bundle data from the same LCH together as shown in Figure 8. With this approach the UE allocates the amount of data for each LCH in a priority order to the MAC PDUs.
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Figure 8: Optimized MAC Multiplexing
Since the difference in overhead between the multiplexing options shown in Figure 7 and Figure 8 is small it is proposed to leave this up to UE implementation. 

Each MAC PDU is mapped to an UL CC. The order in which the LCH resources are allocated to the CCs (MAC PDUs) could be done either by selecting the CCs in a specific order or by random selection. If the different CCs would obtain very different quality it may be useful to make some kind of prioritization to ensure the PBR, but if their differences are negligible prioritization may only add unnecessary complexity.

It is assumed that the eNB will be aware of the PA power limits in the UE and based on the PHR and CQI received from the UE, the eNB will select suitable transport formats for the MAC PDUs in order to give all CCs a corresponding quality. 
Since HARQ does not take QoS into consideration, the error protection would remain equal to all CCs and the Link Adaptation is also considered to only give a negligible difference between the qualities of CCs. Therefore it could be left up to UE implementation to decide how the LCHs should be mapped to the CCs.
Proposal 2 MAC multiplexing and mapping of data from LCHs to Component Carriers (MAC PDUs) shall be up to UE implementation.

3 Conclusion

The example in section 2 has show that the Logical Channel Prioritization procedure defined for Rel-8/9 can be applied as is also for carrier aggregation in Rel-10. We would appreciate if RAN2 agrees to the following proposals:

Proposal 1
The LCP mechanism as described in 36.321 for Rel-8 and 9 can be used also for Rel-10 Carrier Aggregation. A clarification should be added in 36.321 (Rel-10) to indicate that the LCP should be iterated once per UL grant.
Proposal 2
MAC multiplexing and mapping of data from LCHs to Component Carriers (MAC PDUs) shall be up to UE implementation.
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