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1. Introduction
In RAN2#89 meeting, the issues of cross-carrier HARQ was discussed, and the following agreement was achieved.
	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).


However, at the following RAN1 ad hoc meeting for LAA, RAN1 identified some gains of supporting cross-carrier HARQ and sent an LS[1] to RAN2. In the LS, RAN1 asked RAN2 to provide complexity analysis and performance analysis (if any) of moving Downlink/Uplink HARQ processes to another carrier than used for the initial transmission. In this paper, we give our analysis on the specification impact of supporting cross-carrier HARQ.

2. Discussion
2.1. Impact to MAC and PHY

The impact to MAC and PHY is on the HARQ model. Current HARQ model is the HARQ entity is per serving cell, which includes the HARQ process and the corresponding physical resource for transmission. In cross-carrier HARQ, the physical resource for initial transmission and retransmission could be on the different serving cell, and it requires the modification on the HARQ model. There are two potential HARQ models, and Figure-1 gives the examples on DL cross-carrier HARQ. In the example, to make the description simple, only self-scheduling is considered, and the network schedules the initial transmission of a TB on carrier 2 (unlicensed carrier) with HARQ process 4 and then schedules the retransmission on carrier1.
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Figure-1 HARQ Models for cross-carrier HARQ
· Model1: Only one HARQ process is used for initial transmission and retransmission.

· Description
HARQ process is identified by the carrier and HARQ process ID in initial transmission. In the example, process 4 on carrier 2 is the identified HARQ process (yellow block).  The process for initial transmission is same as currently. And for the retransmission on carrier 1, PDCCH can be on carrier 1 and carrier 2. 

· Option 1: if PDCCH is on carrier 1, according to the scheduling relationship with the retransmission PDSCH carrier, the PDCCH DCI should includes the carrier 2 and HARQ process ID 4 of the initial transmission. Based on that, UE can identify the HARQ process 4 of HARQ entity 2, and routes the received data and HARQ information (HARQ process 4 of HARQ entity 2) to it. 

· Option 2: if PDCCH is on carrier 2, according to the scheduling relationship with the initial PDSCH carrier, the PDCCH DCI should includes the carrier index 1 of retransmission and HARQ process ID 4 of initial transmission. UE can identify the retransmission resource on carrier 1, identify the HARQ entity 2 according to the scheduling relationship, and route the received data on carrier 2 and HARQ information (HARQ process 4 of HARQ entity 2) to MAC.
For MAC, when receiving TB from PHY layer, MAC layer handles the TB as it does today. 

· Impact to MAC and PHY
For PHY, as described above in option 1 and 2, new filed in DCI should be introduced, and data routing from the retransmission carrier to the initial transmission carrier should supported. 
For MAC, there is no change in MAC, maybe some clarification is needed to allow the actual retransmission from other carrier.
· Model2: more than one HARQ process are used for cross-carrier HARQ.

· Description
HARQ process is identified by the carrier and HARQ process ID of the current transmission. In case of cross-carrier HARQ, the HARQ process for initial transmission and retransmission is different. The process for initial transmission is same as currently. And for the retransmission on carrier 1, PDCCH is on carrier 1. According to the scheduling relationship with the retransmission PDSCH carrier, the PDCCH DCI should includes the carrier 2 and HARQ process ID 4 of the initial transmission and HARQ process ID 1 for retransmission. Based on that, UE PHY routes the received data and HARQ information (HARQ process 4 of HARQ entity 2 for initial transmission, HARQ process 1 of HARQ entity 1 for retransmission) to MAC.

For MAC, when receiving TB from PHY layer, MAC layer should obtained the data from soft buffer of initial transmission HARQ process, perform the combination decoding, and store the data in the softbuffer in HARQ process 1 of HARQ entity 1 if the decoded unsuccessfully. 
Note: in this method, since the NDI toggle is cross HARQ process, if the NDI should set toggled as the new transmission for the retransmission HARQ process, in order for the HARQ process to flush the previous data stored. 

· Impact to MAC and PHY

For PHY, as described above, new filed in DCI should be introduced. 

For MAC, MAC should perform the data moving from the soft buffer from the previous HARQ process to the current process, and resolve the NDI toggle issue. 

We propose RAN2 to consider the two models for spec impact analysis.

Proposal1: RAN2 to discuss the two potential HARQ Models for cross-carrier HARQ:
· Model1: Only one HARQ process is used for initial transmission and retransmission;
· Model2: more than one HARQ process are used for cross-carrier HARQ.
According to the above analyze, we notice:

Observation1: Both cross-carrier HARQ models have small impact to MAC.
2.2.   Impact to RRC
Cross-carrier HARQ may require RRC to configure some parameters, such as whether the HARQ process on a certain carrier can be retransmitted on another carrier, whether a carrier can be select as target carrier for cross-carrier HARQ retransmitted, etc. Cross-carrier HARQ related UE capability information IE may be defined. In summary, the impact to RRC is trivial.

Obervation2: Cross-carrier HARQ introduces small impact to RRC. Potential specification work is mainly related to parameters configuration and UE capability report.
Take the observation1 and 2 into account, we propose:

Proposal2: The specification impact of supporting cross-carrier HARQ is acceptable. 

3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal1: RAN2 to discuss the two potential HARQ Models for cross-carrier HARQ:
· Model1: Only one HARQ process is used for initial transmission and retransmission;
· Model2: more than one HARQ process are used for cross-carrier HARQ.
Proposal2: The specification impact of supporting cross-carrier HARQ is acceptable. 

4. Preference
[1] R2-15XXXX LS reply to RAN2 on HARQ retransmission for LAA
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