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1
Introduction

In RAN2#62bis meeting, collision handling between RA (random access) procedure and measurement gap was discussed [1]. View within UP session was that RA would always be prioritised over the measurement gap [2]. In this contribution, collision scenarios for each step during the RA procedure are analysed and corresponding proposals are made.
2
Discussion

2.1
Contention based random access procedure

In [1], the discussions mainly focus on the cases of MAC initiated contention based RA procedure in RRC_CONNECTED UE, e.g. an initial UL transmission or HARQ UL feedback. PDCCH command initiated contention based RA procedure can also be handled under this scenario, e.g. the case of DL data arrival without dedicated preamble allocated. Collisions with measurement gap may occur at each step in the RA procedure. Some considerations based on RACH access has higher priority are shown step by step as follows.

Message 1: Random Access Preamble on RACH in uplink
The RA opportunity (e.g. the initial attempt or the attempt after performing backoff) may take place during or before a measurement gap.

If the RA opportunity falls within a measurement gap, the UE can directly proceed with the transmission of RA preamble and cancel the gap, or delay the transmission until the end of the gap. It may have some benefits for the latter with the possibility to send measurement report together with the first scheduled UL transmission if the delay budget allows. And further collision probability is low since the RA procedure may well be succeeded before the next measurement gap occurrence.

If the RA opportunity takes place before a measurement gap, it may slide in time in a gap period, it is difficult for the UE to fine tune the RA opportunity to avoid collisions in the subsequent random access steps. The delay might be unacceptable in some cases. So it is simple for the UE to directly proceed with the transmission of RA preamble, and the collision avoidance is left for other steps in the RA procedure.

In order for a consistent UE behaviour, it is proposed to directly transmit the RA preamble at the RA opportunity. And measurement gap between two RA attempts (e.g, during the backoff period) can be kept if it does not coincide with the RA opportunity, it is not necessary to cancel the gap in this case.

Proposal 1: The UE transmits RA preamble at the RA opportunity regardless of measurement gap. The measurement gap is cancelled if it collides with a RA opportunity.

Proposal 2: Measurement gap between two RA attempts (e.g, during the backoff period) can be kept if it does not coincide with the RA opportunity.

Message 2: Random Access Response generated by MAC on DL-SCH
It is clear from the analysis in [1] and the discussions in RAN2#62bis that the UE should monitor PDCCH in the RA response window and cancel the measurement gap if collision can occur.

Proposal 3: Measurement gap that collides with the RA response window is cancelled.
Message 3: First scheduled UL transmission on UL-SCH
There is a time period equal to or larger than 6ms between the successful reception of RA response indicating the UL grant and the first scheduled UL transmission [4]. It is not clear whether the measurement gap that coincides with this period can be kept. Anyway to keep the gap is a minor optimisation which would add much complexity, and it may delay the transmission of RA message 3. 

Proposal 4: measurement gap that collides with the first scheduled UL transmission on UL-SCH is cancelled.

Message 4: Contention Resolution on DL-SCH
Once the RA message 3 is transmitted, the UE starts the Contention Resolution Timer and monitors the PDCCH until the Timer expires [3]. Measurement gap whose occurrence is within this time period should be cancelled for the purpose of successful RA procedure. In alternative 4 in [1], it is discussed that the priority between RA message 4 and measurement gap can depend on the value of Contention Resolution Timer. This behaviour may have some benefits, and the complexity should also be considered. We have slight preference for a simple solution to always prioritize the RA message 4.

Proposal 5: Measurement gap whose occurrence is within the period of Contention Resolution Timer is cancelled.

2.2
Non-Contention based random access procedure

For handover and DL data arrival case, the UE follows contention free RA procedure if it is allocated dedicated preamble. In [1], it is thought that the eNB could be relied upon to ensure that the RA response is received outside the measurement gap. However, the delay may be unacceptable for time critical events in some cases if it solely rely on eNB scheduling. Take the DL data arrival case for example; the UE turn around time to issue PRACH in response to PDCCH for DL data arrival is 4 ms [4]. The typical delay between successful RA preamble transmission subframe and the first subframe of RA response window is 4ms, and the value is recommended by RAN1 to be set to 2ms for some flexibility purpose [5]. Assuming PDCCH command is issued 14ms before a measurement gap, the 6ms measurement gap will occur at the end 2ms of 10ms RA response window. In order to avoid collision, the eNB has to delay the PDCCH command (message 0) until the end of measurement gap. That will be a 20ms time length (4ms + 2ms + 8ms + 6ms), which is a significant delay. A considerable way to resolve this problem is that the eNB only assures PDCCH command be received by the UE, and the UE cancels measurement gap that can overlap with subsequent RA steps. The proposal 1 - proposal 3 for the contention based RA procedure also apply for non-contention based RA procedure.

Proposal 6: PDCCH command for RA preamble assignment is an indication to cancel subsequent measurement gap that collides with RA preamble transmission and/or RA response window.
3
Conclusion
Further considerations are discussed in this contribution for collision avoidance between RA procedure and measurement gap. The main purpose is to always prioritize RA procedure over measurement gap during a RA attempt period. And it is thought that measurement gap can be kept in backoff period between two consecutive RA attempts. Detailed proposals are shown in proposal 1 – proposal 6.

Proposal 1: The UE transmits RA preamble at the RA opportunity regardless of measurement gap. The measurement gap is cancelled if it collides with a RA opportunity.

Proposal 2: Measurement gap between two RA attempts (e.g, during the backoff period) can be kept if it does not coincide with the RA opportunity.

Proposal 3: Measurement gap that collides with the RA response window is cancelled.
Proposal 4: measurement gap that collides with the first scheduled UL transmission on UL-SCH is cancelled.

Proposal 5: Measurement gap whose occurrence is within the period of Contention Resolution Timer is cancelled.

Proposal 6: PDCCH command for RA preamble assignment is an indication to cancel subsequent measurement gap that collides with RA preamble transmission and/or RA response window.
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