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1.
Introduction
It is stated in TS 36.321[1] that:

· Uplink HARQ operation is asynchronous for BL UEs or UEs in enhanced coverage except for the repetitions within a bundle.

For BL UEs or UEs in enhanced coverage, the uplink HARQ operation is asynchronous. According to the current HARQ mechanism, there may be a problem with regard to the HARQ process identifier for Message 3 in contention based random access or normal data transmission in contention-free random access. In this contribution, we will discuss this problem and provide possible solutions.

2.
Discussion
It is stated in TS 36.321 that: In asynchronous HARQ operation, HARQ process is associated with TTI based on the received UL grant. Each asynchronous HARQ process is associated with a HARQ process identifier. The HARQ process identifier for each asynchronous HARQ process is indicated in each corresponding UL grant. However, there is no such HARQ process identifier indication in UL grant in RAR, while PDCCH command will include this HARQ process identifier. Thus, during the retransmission of Msg3 for asynchronous HARQ operation, a problem may exist as illustrated in Figure 1.
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Figure 1: Problem of  asynchronous HARQ process identifier for Msg3


As shown in Figure 1, during contention-based random access procedure, the RAR (Random Access Response) sent by the eNB does not include a HARQ process identifier. The UE will choose a HARQ process identifier (e.g., HARQ process A) for Msg3 transmission. If the eNB cannot successfully receive Msg3, a PDCCH command with a HARQ process identifier chosen by the eNB will be sent to the UE to indicate the retransmission of Msg3. At this time, the eNodeB is not aware of the HARQ process identifier that the UE chose for the first transmission of Msg3. Thus, the eNodeB may allocate a different HARQ process identifier for the retransmission of Msg3 (e.g., HARQ process B).
According to current mechanism in TS 36.321, the UE will choose the HARQ process identifier indicated in PDCCH command. Thus, the HARQ process identifiers are different between the first transmission and retransmissions of Msg3. 
Similarly, in contention-free random access procedure, the RAR indicates UL grant for first transmission of relative data. The problem identified above still exists. A different HARQ process identifier may be selected for retransmission from the first transmission of this data. 
Observation: For the retransmission of Msg3 in CBRA procedure and data retransmission in CFRA procedure, a different HARQ process identifier may be selected from the first transmission.
We propose two possible solutions to solve this problem:
Solution 1: The eNodeB indicate the HARQ process identitier in RAR for Msg3 transmisison in CBRA procedure or for the data transmission in CFRA procedure.
Solution 2: Predefine one HARQ process identifier (e.g., HARQ process identifier 0) to be used for Msg3 transmisison in CBRA procedure or for the data transmission in CFRA procedure. 
In solution 1, the eNB will indicate the same HARQ process identifier as the one indicated in RAR for the retransmission of Msg3 for CBRA or data for CFRA. Similar, in solution 2, it is desired that the eNB will select HARQ process identifier which is the same as prefefined one for for the retransmission of Msg3 for CBRA or data for CFRA.
However, in both solutions, a new problem may be introduced for the following two events which require to perform random access procedure, as specified in TS36.300 [2]:
Case1: UL data arrival during RRC_CONNECTED requiring random access procedure:

-
E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

Case2: For positioning purpose during RRC_CONNECTED requiring random access procedure;

-
E.g. when timing advance is needed for UE positioning.

The UL data arrival case (Case 1) applies contention based random access procedure and the positioning case (Case 2) applies non-contention based random access procedure.
For solution 1, when the UE performs transmission or retransmission of Msg3 in CBRA, the eNodeB cannot identify which UE the Msg3 is for. Thus, the eNodeB may allocate the same HARQ process identifier in RAR for Msg3 as the HARQ process identifier being used by normal transmission of the UE. In this situation, normal transmission in the HARQ buffer will be flushed and the Msg3 takes over.
For Solution 2, when the UE performs transmission or retransmission of Msg3 in CBRA or the data in CFRB, there is possibility that the predefined HARQ process identifier 0 is being used for normal transmission. In this situation, normal transmission in the HARQ buffer will be flushed and the data in CFRA or Msg3 in CBRA takes over.
For this new problem, we think the probability is very low. It only happens when both two conditions are satisfied: 1) there are normal transmission and transmission/retransmission of Msg3 in CBRA (or transmission/retransmission of data in CBRA) simultaneously. 2) Same HARQ process identifier is selected between them (50%). Moreover, the collision between transmission/retransmission of Msg3 and normal transmission is analyzed in [3]. We think this problem can be considered as a corner case with quite low probabilities. Besides, the loss of normal transmission can be saved by ARQ in AM RLC or can be neglected in UM RLC.
By considering the impact on the specification of these two solutions, 
· Solution 1 requires changes in both RAN1 and RAN2. An LS should be sent to RAN1 to indicate the change of DCI format for RAR. The RAR size should be changed in RAN2. 
· Solution 2 only needs small change on the current RAN2 spec., as shown in [4].
Thus, we prefer Solution 2, which a simpler solution. 
Proposal: Predefine one HARQ process identifier (e.g., HARQ process identifier 0) to be used for Msg3 transmisison in CBRA procedure or for the data transmission in CFRA procedure.
3.
Conclusion
In this contribution, we discussed the problem of HARQ process identifier selection for Message 3 in contention based random access or normal data transmission in contention-free random access, and we get the following observation and proposal:
Observation: For the retransmission of Msg3 in CBRA procedure and data retransmission in CFRA procedure, a different HARQ process identifier may be selected from the first transmission.
Proposal: Predefine one HARQ process identifier (e.g., HARQ process identifier 0) to be used for Msg3 transmisison in CBRA procedure or for the data transmission in CFRA procedure.
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