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1   Introduction
MAC PDU preconstruction is a way to speed up the MAC PDU construction and enable lower latency of uplink scheduling. The procedure of MAC PDU preconstruction will not be specified but the design of L2 protocols should take into account this mechanism and enable the UE to do preconstruction of MAC PDUs. For example, in RLC layer, concatenation is removed and each SDU is associated with a separate RLC SN to enable the UE to pre-construct a RLC PDU. In MAC layer, the uplink MAC CEs are placed at the end of the MAC PDU to enable the UE to pre-construct a former part of the MAC PDU.  
There were several contributions in previous meetings that discussed an issue of MAC PDU pre-construction in case multiple MAC PDUs are being transmitted simultaneously. In this contribution, we will further analyze this issue and give a solution to address this issue. 
2   Discussion
There are several cases for which the UE needs to transmit multiple MAC PDUs simultaneously, including:
· In the CA case, the UE receives UL grants simultaneously on different carriers and the grants schedule resources in the same TTI.

· In the DC case, the UE receives UL grants simultaneously from different cell groups and the grants schedule resources in the same TTI.

· In case of MIMO, the UE receives a UL grant indicating transmission of multiple TBs.

Observation 1: In the cases of CA, DC or MIMO, the UE may need to transmit multiple TBs or MAC PDUs in a same TTI simultaneously.
In the above cases, when multiple MAC PDUs are to be transmitted, the UE needs to construct the MAC PDUs one by one according to the LCP procedure. In order to enable MAC PDU pre-construction, the design of L2 protocols enables the UE to pre-construct MAC SDUs with MAC subheaders in advance. Which MAC SDUs can be finally put into a MAC PDU should be based on the LCP rule. Most of the pre-constructed MAC SDUs can be put into a MAC PDU with further processing needed. However, for the last SDU which cannot fit the remaining grant, segmentation is needed, although there could be some ways to reduce the segmentation possibility, e.g. to allow Bj larger than 0 and multiplex lower priority data first.
In case the UE needs to transmit multiple TBs simultaneously and segmentation is needed for a TB which is not the last one, according to the legacy LCP procedure, the UE should first construct this TB say TB#1. The UE should perform segmentation for the last SDU and a part of this SDU should be transmitted in TB#1. The segmentation may take some time for processing. For the following TB, say TB#2, according to the LCP procedure, the UE should first transmit the remaining part of the SDU which is segmented in the previous TB (i.e. TB#1). This means that the construction of the TB#2 should be only after construction of TB#1, and thus prevents the feasibility of preconstruction of TB#2.
Observation 2: In case multiple TBs are to be transmitted simultaneously and segmentation is needed, the TBs need to be constructed one by one according to the LCP procedure and therefore prevents the feasibility of MAC PDU preconstruction.

In order to enable the preconstruction of the simultaneously transmitted TBs, some solutions can be considered including:

Option1: to optimize the LCP procedure, to make the LCP process to be applied to the simultaneously transmitted multiple MAC PDUs, i.e. multiple MAC PDUs which are to be simultaneously transmitted can be constructed during one LCP process. 

Option 2: In the MAC PDU,  the MAC SDU with a RLC SDU segment does not need to be placed at the beginning of the MAC PDU even if the MAC SDU has the highest multiplexing priority according to LCP.
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Fig.1 Option 1: one LCP process applied to multiple MAC PDUs
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Fig.2 Option 2: not placing the segment at the beginning of the MAC PDU 

Both the two options are not complex. Option 1 requires some changes on LCP and has the benefits that the higher priority data can be placed at the beginning of the TBs. Option 2 is to add an exception on the order of the MAC SDUs to allow the segments not to be placed at the beginning. Compared the two, option 2 seems more simple and is slightly preferred.

Proposal 1: the UE should be able to construct simultaneously transmitted MAC PDUs in parallel.
Proposal 2: MAC SDUs except the one with the RLC SDU segment should be put into a MAC PDU in the order of LCP multiplexing.

Proposal 3: In a MAC PDU, the MAC SDU with a RLC SDU segment does not need to be placed at the beginning of the MAC PDU even if the MAC SDU has the highest multiplexing priority according to LCP.

It is beneficial to place the higher priority segment in a MAC PDU as front as possible, so that the MAC SDU can be decoded at an earlier stage. However, the position of the segment depends on how long a UE can complete the operation of segmentation, i.e., the longer the UE spends on the segmentation operation, the more back the segment needs to be placed in the MAC PDU. Therefore, the exact position of the segment may not need to be defined in specification and can be up to UE implementation.
Proposal 4: In a MAC PDU, the exact position of the MAC SDU for RLC SDU segments can be up to UE implementation.

3   Conclusion
Observation 1: In the cases of CA, DC or MIMO, the UE may need to transmit multiple TBs or MAC PDUs in a same TTI simultaneously.

Observation 2: In case multiple TBs are to be transmitted simultaneously and segmentation is needed, the TBs need to be constructed one by one according to the LCP procedure and therefore prevents the feasibility of MAC PDU preconstruction.
Proposal 1: the UE should be able to construct simultaneously transmitted MAC PDUs in parallel.
Proposal 2: MAC SDUs except the one with the RLC SDU segment should be put into a MAC PDU in the order of LCP multiplexing.

Proposal 3: In a MAC PDU, the MAC SDU with a RLC SDU segment does not need to be placed at the beginning of the MAC PDU even if the MAC SDU has the highest multiplexing priority according to LCP.

Proposal 4: In a MAC PDU, the exact position of the MAC SDU for RLC SDU segments can be up to UE implementation.

3GPP


_1559044550.vsd
�

2


4�

1�

2�

3�

4�

5�

6�

1�

3�

5�

7�

MAC PDU#1


MAC PDU#2


6�

7�

7�


_1559044637.vsd
�

1�

2�

3�

4�

5�

6�

1�

2�

3�

4�

5


6�

7�

4�

7�

MAC PDU#1


MAC PDU#2



