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1   Introduction
At RAN2#93bis, RAN2 agreed that the defined LCP for multiplexing of UL data is unchanged for LAA SCell and further confirmed the previous agreement “Configure per bearer/logical channel whether it can be offloaded to LAA SCells or whether it may only be served by licensed carriers.”. In this contribution, we further discuss the LCP related issues and provide our considerations on multiplexing of UL data for LAA SCell.
2   Discussion
Existing behaviour:
In current MAC specification, it is up to UE implement how to handle the case when parallel UL grants in different cells are received as:

“NOTE:
When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when MAC entity is requested to transmit multiple MAC PDUs in one TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to UE implementation in which order the grants are processed.”
According to the previous agreement, some bearers can only be transferred via licensed cell, and some can be transferred via both licensed and unlicensed cell.

One example is showed in figure 1:

· LCH1 with higher priority is only transmitted on licensed cell; PBR (Prioritized Bit Rate) for LCH1 is 100 bytes;

-
LCH2 and LCH3 with lower priority can be transmitted on both licensed cell and unlicensed cell; PBRs (Prioritized Bit Rate) for LCH2 and LCH3 are 50 bytes, 50 bytes. 

In a TTI, two UL grants, e.g. UL grant A and UL grant B, are received in both licensed cell and unlicensed cell. Furthermore, the size of UL grant A is 200 bytes while the size of UL grant B is 500 bytes. 
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Figure 1: An example of mapping between bearers and cells

Regarding how to apply the rules, i.e. treat each grant independently or sum of the capacities of the grants, there are two UE behaviours:

UE behaviour 1: UE applies the rule to the sum of capabilities of the UL grants from licensed and unlicensed 

Based on figure 1, UE will sum the UL grant A and UL grant B. The summed grant is 700 bytes.  According to current operation of LCP, the UE will allocate resource to LCH1 with 250 bytes, LCH2 with 200 bytes and LCH3 with 250 bytes. However, the UL grant A at licensed cell is only able to transmit 200 bytes for LCH1. 50 bytes data of LCH1 remains and cannot be transmitted on LAA SCell(s). Hence, the resource of 50 bytes in UL grant B is wasted. 
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Figure2: UL grants handling based on the sum of capabilities of the UL grants from licensed and unlicensed
From above analysis, we could see parallel UL grants handling based on sum of capabilities cannot work well for LAA scenario. Therefore we propose that:

Proposal 1:
For parallel UL grants handling in both licensed and unlicensed cell, only independent UL grant handling is allowed.
UE behaviour 2: UE applies the rule to each grant independently from licensed and unlicensed 

Regarding the orders in which the grants are process, there are two UE behaviours:

UE behaviour 2-1:  UE allocates resource of licensed cell first

As showed in figure 3, if UE behaviour 2-1 is applied, based on principle of UL grant A first, UE will generate a TB transmitting on licensed cell first. According to the LCP handling in current MAC specification:

· The UL grant A is only enough to allocate resources with the PBR of each logical channel (LCH1: 100 bytes, LCH2: 50 bytes, LCH3: 50 bytes) and no more resources remain. 

· The UL grant B, 150 bytes resources are allocated for LCH2 while 350 bytes resources are allocated for LCH3.

For this example, the PBR of each logical channel could be transmitted reliably on licensed cell. However the higher priority LCH1 cannot have more resources for transmission.
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Figure 3:  UE allocates resource of licensed cell first
UE behaviour 2-2:  UE allocates resource of unlicensed cell first

As showed in figure 4, if UE behaviour 2-2 is applied, based on principle of UL grant B first [2], UE will generate a TB transmitting on unlicensed cell first. According to the LCP handling in current MAC specification:

· For UL grant B, the UE will allocate resource to LCH2 with 200 bytes and LCH3 with 300 bytes which includes the PBR of LCH2 (50 bytes) and LCH3 (50 bytes). 

· For UL grant A, UE will allocate resource to LCH1 with 250 bytes. 

For this example, the higher priority LCH1 can get more resources compared with UE behaviour 2-1. However the PBRs of LCH2/3 may not be guaranteed in unlicensed cell.
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Figure 4:  UE allocates resource of unlicensed cell first
Proposal 2:
For parallel UL grants handling in both licensed and unlicensed cell, UE allocates resource of unlicensed cell first.
3   Conclusion
In this contribution, we discussed LCP related issues for LAA SCell, and have following proposals:
Proposal 1:
For parallel UL grants handling in both licensed and unlicensed cell, only independent UL grant handling is allowed.
Proposal 2:
For parallel UL grants handling in both licensed and unlicensed cell, UE allocates resource of unlicensed cell first.
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