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1. Introduction
In last meeting, RAN2 has kicked off the work on the LAA SI [1], for which the RAN2 has been assigned to investigate the necessary RAN protocol enhancements to support the LAA operation on the SCell under the Carrier Aggregation framework. Although in the SID [1], the DL usage of LAA was given high priority and a bit of more work is expected for UL than DL, RAN1 is investigating both the DL-only case and DL+UL case in parallel. We think that RAN2 should also look at the potential work for supporting UL transmission on LAA SCell in the SI phase. When going to the WI phase, people can then discuss the scope of it based on the outcome of the SI.
For the user plane aspect, RAN2 has come to the following agreements in last meeting [2].
	For DL:

· Based on the additional complexity, RAN2 suggests that Downlink HARQ processes are not moved to another carrier. Using e.g. RLC retransmissions would be simpler from RAN2 point of view (no specification impact);
· Common DRX is used for LAA if it does not result in a need for very short DRX cycles/very long Active times;
· For DL the eNB can decide which data of which radio bearer to map to which carrier(s) (licensed/unlicensed). No impact on RAN2 specifications;
· LBT for DL will not impact data reception in MAC

For UL:

· LBT for UL data transmission will impact MAC


In this paper, we will discuss some MAC aspects for which the enhancement needs to be considered in order to support the UL transmission on the LAA SCell.
2. Discussion
2.1 Random access procedure
The scenarios that should be considered for LAA have been captured in [3]. One of these scenarios is the aggregation between PCell on licensed carrier and non-co-located SCell on unlicensed carrier. To support the UL transmission on the non-co-located LAA　SCell, the RA on the SCell is inevitable to obtain the initial UL TA. In Rel-11/12 carrier aggregation, the following principle are applied for the RA on SCell 
(1) It can only be initiated by eNB via PDCCH order and only contention-free RA is supported;

(2) The preamble is transmitted on SCell;

(3) The RAR is sent on the PCell;
For the RA on the LAA SCell, all of these principles should be kept. Then one issue comes from (2) due to the CCA requirement for the transmission on unlicensed carrier. 
Assuming a PDCCH order is received in subframe n by which MAC will initiate the RA procedure. According to the current MAC specification, the MAC will determine the next available subframe containing PRACH permitted by the restrictions given by the prach-ConfigIndex, the PRACH Mask Index and physical layer timing requirements. After that MAC will instruct the PHY layer to transmit a preamble using the selected PRACH in subframe n+k2 [4]. However, the availability of the channel in the subframe n+ k2 couldn’t be guaranteed.

· If the channel is available in subframe n+ k2, the PHY layer will transmit the preamble. Then nothing new is needed.

· If the channel is not available in subframe n+ k2, the PHY layer will drop the preamble transmission. If MAC layer has no idea on this it will retry the RA by incrementing the number of preamble transmission and ramping the power since no RAR can be received. However, it is not necessary since the reason of no RAR is not the preamble transmission failure but the preamble transmission dropping. Actually, this issue has been addressed in Rel-12 for Dual Connectivity, where a new notification from the PHY layer is introduced in the case of the preamble transmission is dropped. We think this notification can be reused in the LAA when the preamble transmission is dropped due to the unavailability of the channel. After receiving this notification, the MAC layer can retry the RA without power ramping. If the preamble couldn’t be transmitted for a long time, it can be left up to eNB to decide how to cancel the RA on the LAA SCell, e.g. by deactivating it or by removing it.
Based on the above analysis, we have the following proposals:

Proposal 1: No enhancement is needed to the RA procedure from MAC point of view.

· If the PHY layer couldn’t transmit the preamble in the subframe instructed by the MAC due to the unavailability of the channel, the PHY layer will notify the MAC to suspend the power ramping as done in case of dual connectivity. Then MAC will retry the RA without power ramping
· If the preamble couldn’t be transmitted for a long time, it can be left up to eNB to decide how to cancel the RA on the SCell.
2.2 UL HARQ procedure
In legacy system, the UL HARQ is synchronous, i.e., the timeline between transmission, ACK/NACK and retransmission are fixed. On the other hand, both non-adaptive retransmission and adaptive retransmission are supported for the UL HARQ. 
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Figure 1
The figure 1 illustrates the current model between MAC and PHY as well as the timeline for the UL HARQ. It works well in the legacy system but there could be some problems for the LAA since the transmission will be allowed only if the channel is free on the unlicensed carrier. We look into the potential problems from both UL data transmission at the UE and HARQ feedback transmission at the eNB.

(1) UL data TX and ReTX at the UE
When needing to perform the UL data (Re)transmission, the UE may have no chance to do that due to the busy channel. Of course this is not desired since it will waste the PDCCH resource . Furthermore, the UL resource will also be wasted for the LTE in case that the UL resource can be allocated to another UE who detected the channel being free. However, how to overcome this problem is more a RAN1’s topic and RAN1 has touched it in last LAA adhoc meeting [5]. So RAN2 can just wait the conclusion from RAN1 and consider the enhancement to MAC procedure if necessary.
(2) HARQ feedback transmission at the eNB
After receiving UL data, the PHICH for non-adaptive retransmission or PDCCH for adaptive retransmission is supposed to be transmitted in the subframe with a pre-defined timing offset for synchronous HARQ. For the self-scheduling, the PHICH/PDCCH are transmitted on the LAA SCell. Then if the eNB senses the channel is busy at or before the fixed timing subframe, both the PHICH and the PDCCH couldn’t be transmitted. To address this issue, RAN1 has agreed to support asynchronous UL HARQ for UL LAA operation as captured in [5]. For this new feature, we suggest RAN2 to discuss the following aspects.
· Aspect 1: For synchronous UL HARQ, the eNB can just transmit the HARQ feedback via PHICH to the UE to require the UE performing the non-adaptive retransmission. However, this couldn’t work for the asynchronous UL HARQ since from the PHICH the UE couldn’t know the HARQ process number for which the retransmission is needed. So, for asynchronous UL HARQ only adaptive retransmission dictated by the PDCCH can be supported.
· Aspect 2: For synchronous UL HARQ, the UE may perform the non-adaptive retransmission autonomously at the fixed timing subframe when no feedback from the eNB is received after the initial transmission. This behaviour should be prohibited for the asynchronous UL HARQ. Since it is possible that the eNB has successfully decoded the data but has no chance to transmit the feedback due to the busy channel. If this case occurs, the retransmission performed by the UE would be just a waste of resource and power.
Based on the above analysis, we have the following proposal:

Proposal 2: Only adaptive retransmission is supported for the asynchronous UL HARQ. The HARQ entity just relies on the UL grant and NDI from the PDCCH to decide whether to perform new transmission or adaptive retransmission. UE is prohibited to perform the non-adaptive retransmission autonomously when no feedback from the eNB is received for asynchronous UL HARQ.
2.3 LCP procedure
There are two major differences between the licensed carrier and the unlicensed carrier.  

1) The unlicensed carrier can be shared by different operator and different radio system. So the radio 
environment of the unlicensed carrier is quite different from the licensed carrier.

2) The LBT and discontinuous transmission is required to be applied for the transmission on the unlicensed 
carrier.
Due to 1), the reliability of the transmission on unlicensed carrier would be worse than that on licensed carrier, while due to 2), the delay for the successful transmission on unlicensed carrier is larger than that on licensed carrier if the HARQ retransmission can only occur on the same carrier as the initial transmission.
So, the above problems should be taken into consideration when the UE performs the UL transmission, especially when the UE performs the UL signalling transmission, i.e., SRB and MAC CE. There could be two possible options to address the above problems.
· Option 1: allow the cross carrier UL HARQ retransmission;
· Option 2: the UL signalling can only be mapped to the UL grant for the licensed carrier when the UE performs the LCP procedure.

In last meeting, RAN2 has discussed the cross carrier HARQ retransmission but it is not welcomed due to the additional complexity. However, RAN1 has approved an LS [6] on this topic by email discussion which is expected to be received during the meeting. In the LS RAN2 is asked to “provide the complexity analysis and performance analysis (if any) of moving Downlink/Uplink HARQ processes to another carrier than used for the initial transmission”. This means that the cross carrier HARQ retransmission is still alive. If both RAN1 and RAN2 finally agree to support the cross carrier UL HARQ retransmission, then option 2 is unnecessary. Otherwise, we propose to have option 2.
Proposal 3: The UL signaling, i.e., SRB and MAC CE) can only be mapped to the UL grant for the licensed carrier when the UE performs the LCP procedure if the cross carrier UL HARQ retransmission is not supported.
3. Conclusion

In this contribution, we discuss some possible MAC impact in order to support the UL transmission on the LAA SCell and have the following proposals:
Proposal 1: No enhancement is needed to the RA procedure from MAC point of view.

· If the PHY layer couldn’t transmit the preamble in the subframe instructed by the MAC due to the unavailability of the channel, the PHY layer will notify the MAC to suspend the power ramping as done in case of dual connectivity. Then MAC will retry the RA without power ramping

· If the preamble couldn’t be transmitted for a long time, it can be left up to eNB to decide how to cancel the RA on the SCell.

Proposal 2: Only adaptive retransmission is supported for the asynchronous UL HARQ. The HARQ entity just relies on the UL grant and NDI from the PDCCH to decide whether to perform new transmission or adaptive retransmission. UE is prohibited to perform the non-adaptive retransmission autonomously when no feedback from the eNB is received for asynchronous UL HARQ.
Proposal 3: The UL signaling, i.e., SRB and MAC CE) can only be mapped to the UL grant for the licensed carrier when the UE performs the LCP procedure if the cross carrier UL HARQ retransmission is not supported.
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