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1 Introduction
With continuous RAN1 technical finding as summarized in [1], RAN2 is supposed to continue its LAA relevant discussion within its scope. In this contribution, we shall shed some further thoughts on MAC enhancement for LAA.
2 Discussion
In the much broader unlicensed spectrum, there are many potential unlicensed resources for operators’ use by means of LAA Scell (denoted as U-Scell hereafter for brevity). For particular LAA configuration snapshot, U-Scell is always accompanied with Pcell (and optional Scells) on licensed carriers. Per current RAN1 study and simulation on various LAA co-existing issues, U-Scell is supposed to have fixed carrier frequency and bandwidth in certain unlicensed band, which is much alike the way that operator does with licensed spectrum planning and farming. For that reason, the legacy licensed CA framework, e.g. configuration & mobility via L3 signalling can be reused as much as possible.
Per latest outcomes from RAN1 LAA ad-hoc meeting in Paris, the HARQ entity associated with U-Scell is much like the HARQ entity associated with normal licensed Scell, in terms of basic operation mode and HARQ timing relations. Most HARQ related enhancements are still under RAN1’ further study, hot issues like: UL asynchronous adaptive HARQ transmission (UL HARQ retransmission can be scheduled through PDCCH/EPDCCH explicitly at proper time); DL/UL cross-carrier HARQ retransmission etc. Particularly in order to realize cross-carrier HARQ retransmission, the transmitter needs to re-adjust its HARQ processes in its initial U-Scell, and to add the new HARQ processes on the retransmission-assisting serving cell, which may be another U-Scell or Pcell/Scell. The DCI info needs to indicate explicitly that “from where and to where” the failed HARQ initial transmission goes, so that the receiver can link the initially failed but retransmission-assisting HARQ processes (maybe different id) from different carriers. After cross-carrier HARQ retransmission succeeds, the retransmission-assisting serving cell needs to re-adjust its HARQ processes again. From RAN2 viewpoints, the cross-carrier HARQ retransmission can help reducing data transmission latency, so benefit the throughput generally. The associated complexity and spec impacts seem modest so far, as current DL/UL asynchronous adaptive HARQ schemes can already provide most basic operation mode and means. Hence we tend to support RAN2’s further study in this topic.
Proposal 1: RAN2 should re-evaluate the performance & complexity for DL/UL cross-carrier HARQ retransmission.
There are also some other HARQ related issues worth studying further. For legacy 10ms FDD/TDD frame, the maximum number of HARQ processes per HARQ entity has been clearly specified. In LAA context, the U-Scell frame length can be 13ms, 10ms, 4ms or even 1ms, also due to non-contiguous natural of U-Scell frames, the maximum number of HARQ processes for U-Scell must be redefined. The soft buffer handling and DCI info would be impacted by the maximum number of HARQ processes accordingly. Furthermore, for UL data transmission with PDCCH UL scheduling, currently there is a fixed 4ms latency inbetween, and even without DL data scheduling/transmission during that 4ms period, eNB has to reserve its local unlicensed resources in order to prevent pending data reception from colliding with other interfering LAA/WIFI Nodes, so it leads to some waste of U-Scell unlicensed resources.
Proposal 2: For most U-Scell specific HARQ related issues, RAN2 should await RAN1’s study progress rather than making any preliminary assumption.

In legacy CA context, for both DL and UL, there is no specified restriction for logic channel multiplex and MAC PDU mapping towards configured serving cells, namely any logic channel PDU can be multiplexed/mapped onto any MAC PDU and onto any licensed carrier. In LAA context, it has been observed and desired that some restriction, especially for UL, should be introduced for logic channel multiplex/ MAC PDU mapping; e.g. only particular specified logic channels can be multiplexed/mapped onto particular U-Scell(s).
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 LAA 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 some reserved signals via LBT to prevent other neighbour Nodes from strong interfering. It also implies that LAA eNB had better select those “as reception end local channel clear” UEs for DL scheduling/transmission and select those “as transmission end local channel clear” UEs for UL scheduling/transmission as much as possible, otherwise there can be some unlicensed resource deficiency or waste due to randomized collision. For those reasons, the MAC entity in LAA eNB had better be aware that which UEs are really ready and suitable for DL/UL scheduling. The MAC entity had better be aware of the unlicensed carrier load status for proper scheduling as well.
Proposal 3: In general, LAA MAC should provide separate and different handing between Pcell/Scell and U-Scell, in terms of status awareness, resource multiplexing and scheduling.
3 Conclusion
In this contribution, we have shed some further thoughts on MAC enhancement for LAA, and RAN2 is kindly asked to discuss following proposals:

Proposal 1: RAN2 should re-evaluate the performance & complexity for DL/UL cross-carrier HARQ retransmission.

Proposal 2: For most U-Scell specific HARQ related issues, RAN2 should await RAN1’s study progress rather than making any preliminary assumption.

Proposal 3: In general, LAA MAC should provide separate and different handing between Pcell/Scell and U-Scell, in terms of status awareness, resource multiplexing and scheduling.
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