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1. Introduction
The HARQ retransmission for LAA has been raised as one of potential issues during the discussion in RAN2#89. As starting point it was considered to use RLC retransmission on LAA.
	Agreements

2	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). 

7	Common DRX is used for LAA if it does not result in a need for very short DRX cycles/very long Active times. 

8	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. 



RAN1 has discussed in Ad-hoc meeting the provision of HARQ for LAA transmission and preparing LS to RAN2. RAN1 discussion is not conclusive on the usefulness or complexity of providing HARQ for LAA transmission. Additionally, RAN1 has agreed to support asynchronous UL HARQ on LAA cell. In this contribution we discuss the issue further and provide our views.

2. Discussion

RLC retransmission is already supported in the specification and as discussed in the last RAN2 meeting can be applied to DL transmission on LAA cell with no specification impacts. Asynchronous HARQ is used in DL and associated HARQ process information is provided in the scheduling assignment. When the downlink assignment is addressed for the UE’s C-RNTI, the following procedure applies.
-	if a downlink assignment for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI:
-	indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.
Therefore, the network may drop the ongoing HARQ transmission in downlink and assign a new transmission on the associated HARQ process. The trigger for RLC retransmission can be left to the network implementation.
RAN1 has agreed to support asynchronous UL HARQ on LAA cell. If asynchronous HARQ is applied, RLC retransmission can be triggered before reaching the maximum number of HARQ retransmission. Similar to the DL transmission, the trigger to drop the ongoing HARQ transmission and assignment of a new transmission on the HARQ process can be left to the network control. The UE is required to obey the network order. Legacy UL HARQ uses synchronous HARQ operation and the HARQ buffer is flushed only reaching the maximum number of HARQ retransmission. MAC specification is required to be modified to support asynchronous UL HARQ operation and RLC retransmission prior to the reach of maximum HARQ retransmission.

Observation 1: Because of asynchronous DL HARQ support, the RLC retransmission can be triggered by the network at any time with no specification impacts. If UL transmission on LAA is supported, modification is required for MAC specification to support asynchronous UL HARQ and RLC retransmission in UL when required (before reaching the maximum number of HARQ retransmission).

If the HARQ retransmission on LAA cell is prevented or delayed for a period of time, the network may take the opportunity of delivering the HARQ retransmission on a licensed carrier. This is seen as cross carrier HARQ operation. There are different ways of realising the cross carrier HARQ operation. The specification impacts and the complexity depend on the exact solution used for cross carrier HARQ operation. As base line, the cross carrier HARQ operation design should not impact the legacy HARQ operation on licensed carrier. 

For the complexity analysis, the following simple cross carrier HARQ procedure in DL is used. When the HARQ retransmission for LAA cell is scheduled on a licensed cell, a new DCI format is used to provide that the HARQ process association to the UE. For example, the HARQ process on LAA carrier which is scheduled over licensed Cell, is provided to the UE in PDCCH. Upon reception of the PDCCH scheduling the cross carrier HARQ on LAA, the UE associates the data reception with the HARQ soft buffer for the data received over the LAA carrier. The number of HARQ processes is unchanged as per the total number of HARQ process supported by a UE or the number of maximum HARQ process per carrier. Therefore, the soft combing, buffer requirements and UE processing can be kept unchanged due to support of cross carrier HARQ. What is required is that association of cross carrier HARQ information received over the PDCCH to be forwarded to the correct HARQ process corresponding to the LAA cell. Figure 1 illustrates the cross carrier HARQ operation according to the above example.




Figure 1: an example of cross carrier HARQ operation
As shown in the figure, retransmission of HARQ process#1 on LAA carrier cannot be transmitted on the LAA carrier due to the unavailability of the channel. The transport block related to the HARQ process#1 on the LAA carrier is transmitted on licensed carrier. The PDCCH defines that this TB is corresponding to the retransmission of HARQ process#1 of LAA. The UE performs the soft combining of the received TB on licensed carrier with soft buffer of HARQ process #2 of LAA carrier.

HARQ operation is described in MAC specification based on a downlink assignment received and its association of HARQ information (see below). The association of the received TB and corresponding HARQ process is required with the support of cross carrier HARQ operation and the approach followed in the current MAC specification can be used. 
DL assignment reception:
-	if a downlink assignment for this TTI and this Serving Cell has been received on the PDCCH for the MAC entity’s C-RNTI:
-	indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.
HARQ operation:
The MAC entity shall:
-	If a downlink assignment has been indicated for this TTI:
-	allocate the TB(s) received from the physical layer and the associated HARQ information to the HARQ process indicated by the associated HARQ information.
Even though, impact on MAC specification due to the introduction of cross carrier HARQ can be minimised, layer 1 specification should specify the cross carrier HARQ process association and new DCI format.
Observation 2: The introduction of cross carrier HARQ would have more Layer 1 impact than on Layer 2 impact in terms of capturing cross carrier HARQ for LAA operation in specification. From Layer 2 specification perspectives, introduction of cross carrier HARQ for LAA could be kept to an acceptable level of complexity.

HARQ brings the soft combining gain. It is supported in LTE considering the gain. There was discussion in Rel-8 to have only single retransmission (combine RLC and HARQ), however it is agreed to have two level of retransmissions (at RLC and HARQ) for LTE considering the performance gain provided by two-level retransmission. 
The LBT requirements and the fair coexistence with other networks require a discontinuous transmission on both DL and UL in LAA. After one transmission burst, the eNB/UE needs to pass the (extended) CCA check before sending another transmission burst. This may take some time in the coexistence with other nodes in a heavily loaded situation. For busy unlicensed channels, the HARQ interruption can happen frequently due to the prolonged channel sensing time.
HARQ performance could be impacted due to the frequent transmission interruption possible in a busy unlicensed channel. If the HARQ retransmission is interrupted, one approach is to drop the HARQ retransmission and transmit the corresponding TB as a new transmission (RLC retransmission). If the HARQ retransmission is permitted by the channel sensing, the HARQ retransmission takes place.  However the performance impact of occasional dropping of HARQ retransmission depends on the frequency of the channel unavailability for HARQ retransmission, which is a function of the LBT operation and how busy is the unlicensed channel. LBT design is under discussion of RAN1 as well as the performance comparison of different LBT design with WiFi channel performances. 
HARQ performance degradation due to the HARQ retransmission interruption should also evaluated in RAN1 taken into account the LBT design.

Observation 3: Possible performance degradation of HARQ performance due to the unavailability of the retransmission opportunities on LAA is a function of LBT design and activity of the unlicensed channel. LBT design is under RAN1 investigation. RAN1 is better working group to evaluate the HARQ performance impact due to LBT.

Based on Observation 2 and 3, we can suggest that RAN1 is better working group in deciding the possible need for HARQ enhancement on LAA carrier.  From RAN2 point of view we think the HARQ operation on licensed carrier should be kept unaffected by the introduction of LAA transmission.
 
Proposal 1: RAN1 is better working group in evaluating the performance impact and Layer 1 complexity of HARQ operation on LAA carrier taken into account LBT design and finally deciding the need of any HARQ enhancement in support of LAA.
Proposal 2: HARQ enhancement on LAA transmission should not impact the HARQ operation on licences carrier.

3. Conclusion
In this contribution, we have discussed the HARQ operation on LAA carrier, and the following observations and proposals were made.
Observation 1: Because of asynchronous DL HARQ support, the RLC retransmission can be triggered by the network at any time with no specification impacts. If UL transmission on LAA is supported, modification is required for MAC specification to support asynchronous UL HARQ and RLC retransmission in UL when required (before reaching the maximum number of HARQ retransmission).
Observation 2: The introduction of cross carrier HARQ would have more Layer 1 impact than on Layer 2 impact in terms of capturing cross carrier HARQ for LAA operation in specification. From Layer 2 specification perspectives, introduction of cross carrier HARQ for LAA could be kept to an acceptable level of complexity
Observation 3: Possible performance degradation of HARQ performance due to the unavailability of the retransmission opportunities on LAA is a function of LBT design and activity of the unlicensed channel. LBT design is under RAN1 investigation. RAN1 is better working group to evaluate the HARQ performance impact due to LBT.
Proposal 1: RAN1 is better working group in evaluating the performance impact and Layer 1 complexity of HARQ operation on LAA carrier taken into account LBT design and finally deciding the need of any HARQ enhancement in support of LAA.
Proposal 2: HARQ enhancement on LAA transmission should not impact the HARQ operation on licences carrier.
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