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1 Introduction
In RAN1 Ad Hoc meeting (Paris, France, 24th – 26th March 2015), the following agreement is reached [1].
· Recommend to support asynchronous UL HARQ for UL LAA operation
In RAN1#80b meeting, the following is further agreed [2] [3].
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used
· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields
· HARQ process number
· Redundancy version
In RAN1#83 meeting, the following agreement is reached [4].
· Possible starting positions are {0}, {0,7}.

· When the starting position is 7,
·  PDCCH/PDSCH/PCFICH/PHICH resource mapping as in the first slot of LAA regular subframe
· UE does not assume to receive PHICH for ack/nack

In RAN1#84BIS meeting, the following agreement is reached [5].

Agreement:

· DCI format(s) will have the following scheduling information types:

· Type A: common to all the scheduled subframes (appearing only once in a DCI)

· carrier indicator, resource assignment, Cyclic shift for DM RS and OCC index

· Type B: subframe specific information (appearing N times for N subframes scheduling)

· NDI 
· FFS MCS is type A or type B
· FFS HARQ process number and redundancy version are type A or type B
In this contribution, we share our views on HARQ design for LAA UL taking into consideration of all the above related agreements for LAA.
2 Discussion
In LTE UL, the HARQ is synchronous. That is, the HARQ process number is known before scheduling because it is tied with subframe and system frame number (SFN). Synchronous HARQ can still be used for LAA UL. However, the performances of uplink LAA might not be good. For example, the delay of packet delivery might be high when the channel load is high. Hence, the asynchronous HARQ for LAA UL is recommended [1].
2.1 Number of UL HARQ process

In legacy LTE, there are 8 HARQ processes for UL (FDD) and at most 7 HARQ processes for UL (TDD).
For LAA, in general, 8 or 16 processes are enough. If it were too few (e.g., fewer than 8), then the LAA system may not run due to lack of HARQ processes. If it were too much, the packet delay may be high. The preferred maximum number of HARQ processes is 16. Hence, 3 or 4 bits are enough for delivering the HARQ process ID for each scheduled subframe.
2.2 Asynchronous HARQ
There are several methods to design the asynchronous HARQ for LAA UL. When taking the number of HARQ processes into consideration, 3 or 4 bits are enough for HARQ process ID. 
It is simple to directly add 3 or 4 bits into DCI 0 / 4 for HARQ process ID. However, it will add 32 attempts of blind detection in a UE for each UL scheduling DCI format (the attempts can be reduced by setting PDCCH-CandidateReductions-r13, skipMonitoringDCI-format0-1A-r13 or new value of transmissionModeUL).
If the DCI size were not changed (i.e., the same to that of DCI 0/4), then there will be no additional attempts of blind detection. Hence, we have the following proposal.
Proposal 1: Support asynchronous HARQ in LAA UL, 3 or 4 bits for each scheduled subframe should be carried on DCI for HARQ process ID while the same DCI size to that of DCI 0/4 is recommended.
Similar to that of DL grants, the RV can be transport block specific. That is, different subframe can have different RV.
In [6], we think that the HARQ process ID should be indicated for each scheduled subframe. That is, it will be flexible to re-transmit any failure HARQ process.
For new data indicator (NDI), if it were not toggled, then it indicates a re-transmission while else for new transmission. This should be kept [6].
2.3 Cross-carrier HARQ
In case failure of UL LBT/CCA due to a busy channel, a UE could not transmit on the unlicensed carrier when scheduled by the eNB. In another case, the eNB could not occupy the unlicensed carrier. In these two cases, the HARQ process cannot be continued while cross-carrier HARQ may be beneficial.
For cross-carrier HARQ, the eNB can schedule the original HARQ on another unlicensed carrier if the eNB had occupied that unlicensed carrier, or the target unlicensed carrier were not busy. In the worst case, the eNB can schedule the original HARQ on a licensed carrier. It is beneficial for time critical applications (e.g., VoIP, video call) as illustrated in the Figure 2 below. 
For example, the UL HARQ process (ID = 1) is originally transmitted on SCC1 (an unlicensed carrier) in TTI N. However, this UL HARQ process is failed. In TTI N+K1, the eNB cannot occupy SCC1 but it wins SCC2 (another unlicensed carrier). Hence, the eNB can schedule this UL HARQ process (ID = 1) on SCC2. If this UL HARQ process (ID = 1) is failed again on SCC2, then the eNB can schedule this UL HARQ process (ID = 1) on PCC.
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Figure 2: Example of cross-carrier HARQ
To support the cross-carrier HARQ, the source carrier indicator field (CIF) and the target CIF should be presented in DCI 0/4. If additional bits were added to DCI 0/4, then it will cause additional 32 attempts of blind detection in a UE. Alternatively, some bits in DCI 0/4 can be reinterpreted. Possible specification impacts for cross-carrier HARQ can be found in Table 2 below.
Table 2: Possible specification impacts for cross-carrier HARQ

	
	Impacts on DCI 0 / 4
	Notes

	Impacts from Cross-carrier HARQ
	To reinterpret some bits in DCI 0/4 (e.g., the original 3 bits CIF for target CIF while reinterpreting the CSI Request bits as source CIF).
	Without additional attempt of blind detection in UE (TS36.213).

Some functions are lost (TS36.213).

	
	To insert some bits into DCI 0/4 (e.g., to change CIF from 3 bits to 6 bit: 3 bits for source CIF while the other 3 bits for target CIF).
	Additional 32 attempts of blind detection in UE (TS36.213).


Take the benefits of cross-carrier HARQ into consideration, we have the following proposal.

Proposal 2: Cross-carrier HARQ should be introduced for LAA UL.
3 Conclusion
In this contribution, we have discussed several aspects of HARQ in LAA UL. We have the following proposals:

Proposal 1: Support asynchronous HARQ in LAA UL, 3 or 4 bits for each scheduled subframe should be carried on DCI for HARQ process ID while the same DCI size to that of DCI 0/4 is recommended.
Proposal 2: Cross-carrier HARQ should be introduced for LAA UL.
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