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1   Introduction
In this tdoc we discuss one of the outstanding issues in NR MAC, to do with potential clash between Msg3 transmission and configured grant (CG), when CG is using HARQ p0 (process id #0). This issue was raised in [1] and had some (limited) support at the 3GPP RAN2 NR Ad-hoc #18-07 meeting in Montreal. More specifically, the key message in [1] is that in some scenarios the random access (RA) procedure can be interrupted by CG, and vice versa (CG may not be given enough retransmission chances). This is limited to the case where CG is using HARQ buffer for p0. More specifically, if there is a CG transmission occasion associated with HARQ p0 between reception of Random Access Response (RAR) and transmission of Msg3, [1] claims that Msg3 would overwrite the CG data in the HARQ p0 transmission buffer. Msg3 buffer is a separate entity, but after the first transmission of Msg3, data will then be moved to HARQ buffer. Conversely, if there is a configured grant for HARQ p0 between Msg3 new transmission and Msg3 retransmission, MAC PDU for Msg3 will then be overwritten (according to [1]) by MAC PDU transmitted via the configured grant shortly after the first transmission of Msg3.
While we recognize that some of the scenarios of [1] and the description of perceived issues are valid, we do not think any changes to the spec are needed. We argue in this submission that the impact of the problem on the system performance is negligible, that a similar problem exists in LTE, and we also provide two alternative solutions to that of [1] for RAN2 consideration (for one of which we also provide a companion CR [2]), which we think are easier to implement / result in better system performance, before concluding that our main preference is to avoid making changes to the MAC spec.
2   Situation in LTE
In LTE, a similar problem (HARQ process ID collision) would happen despite the fact that in LTE there is no explicit HARQ process ID for the UL indicated in PDCCH. The overwriting of data could occur when UL SPS/dynamic grant was allocated in the same sub-frame where Msg3 (re)transmission will happen. More specifically, the following happens in UL LTE in the synchronous HARQ case: if a UE in RRC_CONNECTED performs CBRA, and network assigns the UE an UL grant (by PDCCH using C-RNTI, or via the configured grant) in the same subframe as for Msg3 (assigned in RAR), then the same HARQ process ID (mapped to the subframe) is allocated to the two grants. LTE however does not specify how to solve this problem.
Observation 1. Similar/equivalent issue was present in LTE. In LTE we did not specify how to solve it, leaving it to UE implementation.
Observation 2. While we can and should aim for NR to be an improvement over LTE, given the strong parallels between the issues in NR and LTE (on this specific topic), and that we have not had any major problems with how it is handled in LTE or any reported impact on system performance, careful consideration ought to be given to whether changes to NR should be allowed.
3   Alternative solutions
3.1   Shifting HARQ process IDs for the configured grants
One alternative solution is to shift the HARQ process IDs for the configured grants from [0, N-1] to [1, N], where N is nrofHARQ-Processes. For instance, we could make the following change (only high-level outline of the solution is given here rather than any proposed final implementation in the spec – for detailed spec change proposal please see the companion CR [2]):

“For configured uplink grants, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + 1”
In addition, we could avoid the use of HARQ p0 for the dynamic grant. This would have no specification impact but would rely on network implementation.

Observation 3. An ostensibly simpler alternative to the solution of [1] is to simply avoid the use of HARQ p0 for dynamic grants (which can be done through suitable network configuration), and to shift the HARQ PID for UL CGs by 1.

3.2   Only applying changes depending on the cause of RA
[1] focuses on the case where a “UE needs to perform RA (e.g. for beam failure recovery) when it is configured with a configured uplink grant”. The reasoning behind the focus on beam failure might be that – even though beam failure recovery is in progress – ongoing CG will eventually continue. However, in our opinion, when RA is performed due to lack of PUCCH resource on a single SR configuration – the new NR case where we can have parallel SR and RA – there is a bigger rationale to solve this problem than the case of beam failure recovery, as the link quality may well be perfectly satisfactory and avoiding data loss makes technical sense. In other words, depending on what the cause of RA is, we could have different procedures – for RA being performed due to SR failure caused by lack of PUCCH resource on a single SR configuration, we could see some rationale behind making a change to the NR spec, but for RA due to beam failure we could tolerate lost data or consider other ways of prioritizing data than those presented in [1]. In the case of RA due to failure of single SR configuration, the fact that we have to trigger RA says nothing about a beam or link quality, and it makes sense to do something about the collision e.g. support ongoing CG process.
Observation 4. There is a difference between RA due to beam failure (example used in [1]) and RA due to failure of single SR configuration, in that in the latter case the fact that we have to perform RA says nothing about a beam or link quality. 
Observation 5. Following on from Observation 4, it may make more sense to take cause of RA into account when deciding whether to solve the collision issue, rather than adopting a ‘blanket’ approach or focusing on beam failure as proposed in [1].
4   Conclusions
In this tdoc we provided an analysis as to whether any changes are needed to solve the potential clash between Msg3 transmission and configured grant (CG), when CG is using HARQ p0 (process id #0). We first observed the following:

Observation 1. Similar/equivalent issue was present in LTE. In LTE we did not specify how to solve it, leaving it to UE implementation.

Observation 2. While we can and should aim for NR to be an improvement over LTE, given the strong parallels between the issues in NR and LTE (on this specific topic), and that we have not had any major problems with how it is handled in LTE or any reported impact on system performance, careful consideration ought to be given to whether changes to NR should be allowed.

We then presented some alternative solutions to the perceived issue:

Observation 3. An ostensibly simpler alternative to the solution of [1] is to simply avoid the use of HARQ p0 for dynamic grants (which can be done through suitable network configuration), and to shift the HARQ PID for UL CGs by 1.

Observation 4. There is a difference between RA due to beam failure (example used in [1]) and RA due to failure of single SR configuration, in that in the latter case the fact that we have to perform RA says nothing about a beam or link quality. 
Observation 5. Following on from Observation 4, it may make more sense to take cause of RA into account when deciding whether to solve the collision issue, rather than adopting a ‘blanket’ approach or focusing on beam failure as proposed in [1].
Based on the above observations, we propose the following:

Proposal. No changes to the current NR specs are needed to solve the issues described in [1] and in the present contribution. Should RAN2 nonetheless decide that something should be done to solve the issues in question, alternatives such as those presented in the present contribution (one of which we provided a CR for in [2]) should be taken into account.
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