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1 Introduction 
With continuous RAN1 technical findings as summarized in [1], [2] and [3], RAN2 is supposed to kick off the LAA relevant discussion within its own scope. In this contribution, we shed some general thoughts on the MAC related aspects for LAA system.
2 Discussion 
Per latest RAN1 agreements, the usage of unlicensed carriers’ resource for data transmission is restricted to be in the form of low power small SCells within the legacy CA context. Due to uncertain resource availability and complex radio environment on unlicensed carriers, the LAA unlicensed Scell (denoted as U-Scell hereafter for brevity) can only be acquired and used after passing successful CCA/CS (Clear Channel Assessment or Carrier Sensing). 
Similar as various impacts brought by licensed carrier CA technique, the MAC protocol needs further adaptation due to various characteristics of LAA system in the following aspects at least:
-
Error correction through HARQ;

-
Priority handling between logical channels of one UE;

-
Priority handling between UEs by means of dynamic scheduling;

-
Transport format selection;

2.1 Adapted HARQ behaviors
For LAA SDL configuration case, we have two basic U-CA forms:  Pcell(FDD) + U-Scell(FDD) or Pcell(TDD) + U-Scell(FDD); For LAA UL/DL configuration case, we have also at least two basic U-CA forms:  Pcell(FDD) + U-Scell(TDD) or Pcell(TDD) + U-Scell(TDD); Regardless of whichever kind of U-CA form as listed above, the additional HARQ entities for the associated secondary carriers are the essential CA gain contributor. There is no fundament operating mode difference between legacy HARQ entity for Scell and that for U-Scell, so current DL/UL HARQ process timing relation between Pcell and Scell in whichever CA form, can still be maintained with the U-Scell case, so that the impacts on PDCCH/PUCCH channels can be minimized.
However, In LAA context, due to various characteristics of unlicensed carriers, e.g. time domain non-contiguous transmission, short COT length, lack of SRS/CSI feedbacks, the corresponding HARQ behaviour needs further adaptation as follows:
1: Due to non-contiguous and very limited COT length, it is almost impractical to perform synchronous HARQ process in the UL direction, so asynchronous adaptive HARQ process (retransmission is always scheduled through PDCCH/EPDCCH explicitly) had better be applied for both DL and UL data scheduling and transmission.
2: Due to resource uncertainty on unlicensed carriers, the self-carrier retransmission scheme specified so far shall lead to un-predictable transmission latency and MAC transmission window stalling as illustrated in some RAN1contributions; hence it would become more flexible and beneficial if cross-carrier retransmission scheme can be enabled. E.g. Pcell can always be ready to take the retransmission role in case of NACK, or any other U-Scell that has acquired the unlicensed carrier resources can also take the retransmission role. This would mean that certain HARQ process is not restricted to the single HARQ entity any more, and it may be bound with multiple HARQ entities.
3: For legacy 10ms FDD/TDD frame in whichever kind of CA form, the maximum number of HARQ process per HARQ entity has been clearly specified.  In LAA context, the U-Scell frame length can be less than 10ms, such as 4ms or even 1ms, so the maximum number of HARQ process for U-Scell associated HARQ entity must be redefined. The soft buffer handling and DCI content designing etc. would be impacted by the maximum number of HARQ processes accordingly.
4: For UL data transmission with associated PDCCH scheduling, currently there is a fixed 4ms latency inbetween, and even without DL data scheduling/transmission, eNB has to reserve its local unlicensed carrier resources to prevent pending data reception from colliding with other interfering LAA/WIFI Nodes, so there might be some U-Scell resource waste at some subframes length level. Hence the DL/UL scheduling/transmission/feedback timing relation may also be adapted for more U-Scell efficiency.

Observation 1: There is significant amount of adaptation work regarding U-HARQ operation for LAA, and it must be studied in RAN1 firstly.
2.2 Priority handling within UE

In legacy CA context, there is no restriction for logic channel multiplex and MAC PDU mapping, namely any logic channel data can be multiplexed/mapped into any MAC PDU on any licensed carrier. In LAA context, we are wondering whether some restriction should be introduced for logic channel multiplex/ MAC PDU mapping; e.g. only low QCI profiled logic channels can be multiplexed/mapped onto unlicensed carriers, or under certain conditions, some specific restriction starts being applied. For better priority handling within UE, the MAC entity needs to be aware of the U-Scell resource status and unlicensed carrier load status, e.g. how many percentages of overall unlicensed carrier resources can be acquired roughly, subject to different contention environment.
Observation 2: The logic channel priority handling and MAC PDU mapping within UE needs improvement, adapting to LAA characteristics.
2.3 Priority handling between UEs

In legacy CA context, the dynamic scheduling between various served UEs is mainly depending on UE subscribers’ profiles and their radio conditions. In LAA context, even though the eNB as transmitter side acquires the U-Scell resources, and starts performing DL scheduling/transmission, it does mean that UE can reliably perform data reception due to potential collision with interferences from hidden Nodes (cannot be seen by eNB) around UE. Hence, for more reliable communication, both eNB and UE had better guarantee that there is no big collision opportunity locally, e.g. by periodically transmitting reserved signals to prevent other neighbour Nodes from strong interfering. It also implies that eNB had better select those “as reception end local channel clear” UEs for DL scheduling and select those “as transmission end local channel clear” UEs for UL scheduling as much as possible, otherwise there can be some resource deficiency or waste due to collision. For those reasons, the MAC entity in eNB had better be aware that which UEs are really ready and suitable for DL/UL scheduling.
Observation 3: The priority handling between UEs, e.g. UE selection needs improvement, adapting to LAA characteristics.
2.4 Adapted transport format selection
In legacy CA context, the transport format set can be applied on any licensed carrier. In LAA context, subject to detailed frame/subframe structure and data transmission scheme design in RAN1, the transport format set may need to be adapted for unlicensed carriers. If the U-Scell related PRB mapping rule gets changed or U-Scell valid bandwidth can exceed 20M Hz, then the current transport format set needs to be modified as well. Due to lack of SRS/CSI feedbacks on eNB, the scheme for transport format selection is sensitive to the U-Scell performance.
There has been some offline discussion that LAA capable UE may be able to perform UL data transmission even without eNB’s UL scheduling, like WIFI system. Such behaviour is meaningful only when UE has acquired its local U-Scell resource for UL transmission before eNB’s UL scheduling command starts taking effect, e.g. well known UL-grant-PUSCH 4ms latency issue. If such autonomous UL data transmission is allowed, then new transport format set needs to be defined.
Observation 4: The transport format set may need further modification, adapting to LAA characteristics.
Proposal: To study various issues in above 4 observations from RAN2 perspective.
3 Conclusion 
In this contribution, we have shed some general thoughts on the MAC related aspects for LAA system, and RAN2 is kindly asked to discuss following proposals:

Proposal: To study various issues in above 4 observations from RAN2 perspective.
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