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1 Introduction
In Rel-8/9, logical channel prioritization (LCP) is applied to one TB. With CA, there may be multiple TBs over different aggregated CCs which can be allocated to the same UE within one TTI. Consequently, how to apply the logical channel prioritization to multiple CCs should be considered. In this document, we discuss the logical channel multiplexing issues for CA including LCP mechanism, CC priority handling, and rules for multiplexing and assembly.

2 Discussion

2.1 Logical Channel Prioritization
In CA scenario, if multiple UL grants are allocated for a UE, how to perform logical channel prioritization is not obvious. Three options have been proposed so far:

· Option 1: The number of tokens in the bucket (Bj) is divided by the number of available UL grants, and the divided PBR is used on each configured CC individually according to Rel-8/9 rule [2].
· Option 2: The logical channel prioritization procedure is performed one by one on every scheduled CC according to Rel-8/9 rule [2][3].

· Option 3: The grants on the scheduled CCs are added up, and the logical channel prioritization procedure is performed on this aggregated grant according to Rel-8/9 rule [2][3].

Compared with option2 and option3, the obvious disadvantage for option1 is that the number of RLC PDUs generated for each logical channel at each TTI is equal to the number of TBs granted to the UE in most cases. This causes maximum RLC header and MAC sub-header overhead. Although option2 outperforms option1, some unnecessary overhead still exist because still some data from the same logical channel may be multiplexed into different TBs. 
Option3 applies the LCP procedure once for all UL grants to multiplex the data from the same logical channel within one CC as much as possible. Accordingly, the number of PDUs from one logical channel is reduced, hence the MAC and RLC header overhead is also reduced compared with option2. Since option3 provides the least overhead with little complexity or standard impact, we have the following proposal.
Proposal 1: The UE MAC layer should add up all UL grants and calculate the data volume of each logical channel according to the Rel-8/9 logical channel prioritization rule (option 3).

2.2 Component Carriers Priorities
Different CC handling sequences may generate different number of RLC PDUs while using identical LCP rule,. Therefore, to reduce the overhead, different CCs could be prioritized to obtain the least number of RLC PDUs. An “MCS order” principle was proposed in [2][4][5]. However, highest efficient MCS does not imply the most robust transmission in general. So, this principle to arrange CC priority may not be the most reasonable one. 
Based on the assumptions in the Annex B, we make a simulation to test how much overhead could be saved by the best CC processing sequence compared with the worst CC processing sequence using the LCP rule in proposal1. For each removed/saved RLC PDU, 4 bytes are saved. The simulation result shows that 50453 RLC PDUs are saved, which can turn into 0.158% capacity gain. 
Table 1 Simulation Results

	Number of Saved RLC PDUs
	Capacity gain

	50453
	0.158%


Optimizing at this level appears worthless. From the performance point of view, the UE could process UL grants in any order. The CC sequence can be left for UE implementation. 
Observation: There is no performance justification to specify the order in which the grants are processed.
However, there may be other reasons to justify specifying the order in which the UE handles (some of the) UL grants for instance to locate the BSR [6].
Proposal 2:RAN2 discusses whether to define a CC sequence for UE to process UL grants or leave it to implementation.
2.3 Multiplexing and Assembly Rules
According to the MAC technical specification, UE should obey the following rules during the logical channel priority process.

· 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.

Unlike Rel-8 LTE, multiple TBs will be transmitted by one UE in each TTI due to introduction of carrier aggregation. So the rules mentioned above may need to be enhanced. 

Segmentation/reassembly should be avoided as it adds delay: reassembly must wait to receive all segments. Segmentation also adds RLC overhead. For Rel-8, if the remaining resource of one TB could contain the whole SDU, PDU or segment, the segmentation or re-segmentation will not happen. For CA, the other TBs received in the same TTI could also be considered during this process. So if any remaining TB in current TTI could contain the whole SDU, PDU or segment, it should not be segmented.. But if the remaining resource in any one of the TBs could not contain the whole data unit, it depends on implementation whether the segmentation or re-segmentation is needed.

Proposal 3: 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 of any TBs available in the current TTI.
3 Conclusion
This document discusses the LCP procedure related issues for CA about LCP mechanism, CC priority handling, and current rules for multiplexing and assembly. and it is proposed that:
Proposal 1: UE MAC layer should add up all UL grants, and calculate the data volume of each logical channel according to the Rel-8/9 logical channel prioritization rule (option 3).

Proposal 2: RAN2 discusses whether to define a CC sequence for UE to process UL grants or leave it to implementation.
Proposal 3: 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 of any TBs available in the current TTI.

Accordingly, we provide the text proposal for the TS36.321 specification in Annex A.
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Annex A Text Proposal for 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 the total resources which are scheduled for new transmission 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 all the UL grants are 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 of any UL grant; 

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

-
UE should maximise the transmission of data.
The UE shall not transmit data for a logical channel corresponding to a radio bearer that is suspended (the conditions for when a radio bearer is considered suspended are defined in [8]).

For the Logical Channel Prioritization procedure, the UE shall take into account the following relative priority in decreasing order:

-
MAC control element for C-RNTI or data from UL-CCCH;

-
MAC control element for BSR, with exception of BSR included for padding;

-
MAC control element for PHR;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC control element for BSR included for padding.

************************************End****************************************

Annex B

Simulation Parameters

	Parameter
	Assumption

	Simulation Time
	20s

	Scenario
	3 UL CC

	Bandwidth
	(2*10+20) MHz

	Cellular layout
	Single cell

	Number of User
	18

	Resource Unit
	3 PRB, static MCS, 100 bytes 

Subtract PUCCH overhead, 48 PRBs for CC1and CC2, 96 PRBs for CC3

	Scheduling
	schedule a UE on at least 2 carriers

	LCH assumption
	Each UE has 3 RBs, Priority RB1>RB2>RB3, their PBR and BSD are randomly selected according to TS 36.331.

	LCH resource allocation
	Served the PBR by decreasing priority, remain resource is allocated proportional to 1/3,1/3,1/3
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