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1.
Introduction & Background
At RAN2 # 60, RAN2 agreed on the basic principles regarding Measurement Gap and HARQ. According to the minutes, it said that “Prioritisation order: Measurement gaps are of higher priority than HARQ retransmissions: if a HARQ retransmission collides with a measurement gap, the HARQ retransmission will not take place. (MAC) “. In fact, current MAC specification is written so that:

· When measurement gap overlaps with HARQ retransmission, HARQ retransmission does not occur during the measurement gap.
· When measurement gap overlaps with HARQ ACK/NACK reception, HARQ retransmission is suspended.
In the last RAN2 # 62bis meeting, there was some discussion whether RACH procedure can override measurement gap. Some concerns were raised during the meeting.

2.
Discussion
2.1 Overlapping timing

RACH procedure basically consists of 4 steps.

· STEP 1: RACH preamble transmission

· STEP 2: RACH Access Response Reception

· STEP 3: RACH message 3 transmission

· STEP 4: Contention Resolution

Depending on configuration, measurement gap timing can overlap any one of above 4 steps. Then, following 4 scenarios occur.
Scenario 1: Overlapping of STEP 1 and measurement gap
If RACH preamble transmission has higher priority than a measurement gap, this means that the measurement gap is not used and the measurement performance may degrade. This performance degradation can be worse if each power ramping step collides with measurement gap timing. But for the UE without SR channel, RACH is the only way to inform the existence of data.
Scenario 2: Overlapping of STEP 2 and measurement gap

Once UE has transmitted a RACH preamble, it may be better for the UE to listen to RAR message even if it collides with a measurement gap. But, as the size of RAR reception window increases, the time period when the UE can not use measurement gap increases, causing poor measurement performance.  
Scenario 3: Overlapping of STEP 3 and measurement gap

STEP 3 is almost same as normal transmission, because it uses UL-SCH and HARQ. To align with what already has been agreed, measurement gap should have precedence to HARQ operation of RACH message 3 transmission.

Scenario 4: Overlapping of STEP 4 and measurement gap

Regarding a winning UE, eNB knows the identity of the UE and the configuration of measurement gap. Thus, the eNB can adjust transmission timing of RACH message 4, avoiding the timing of measurement gap.
On the other hand, eNB does know the existence of losing UE. In this case, if the reception of RACH message 4 has higher priority than measurement gap, the UE has to skip measurement while Contention Resolution timer is running. Then, the measurement performance will be very poor.
2.2 Data vs SRB

RACH procedure is initiated when the UE has UL data to send or when commanded by eNB. Here, UL data means both SRB data and DRB data.
One of motivations for RACH to override measurement gap is to send SRB data. If there is an urgent UL RRC message to send, it may help to give a higher priority to RACH procedure to send the SRB data. If the SRB message is delayed, the RRC connection reconfiguration may be delayed, leading to dropped call.

But regarding DRB data, it is questionable whether RACH procedure has to have precedence to measurement gap. Though delayed transmission of DRB data may impact QoS of the RB a little bit, it will not deteriorate the quality of RRC connection.
2.3 Measurement Process vs Measurement Report

The purpose of configuration of measurement gap is to give a time period to a UE so that the UE can measure other frequencies or other RATs. This is an important task, especially when a UE is moving toward a cell boundary.
On the other hand, the purpose of measurement report is to inform eNB of UE’s status regarding channel condition, etc. Based on the measurement report, eNB can decide whether to handover the UE to other cell or make an appropriate modification of connection parameters.

Thus, both measurement process and measurement reporting are important task and should be prioritized. But, at the same time, they are conflicting requirement. I.e., if measurement gap is prioritized over measurement reporting, this leads to a delayed handover and to increased HO failure probability. If measurement reporting is prioritized over measurement gap, this leads to less measurement opportunity and the accuracy or performance of measurement process will drop.
2.4 Different behavior between SR/RACH

When UE has something to send, BSR is triggered, Depending on the availability of SR resource over PUCCH, either SR procedure or RACH procedure is initiated. The purpose of both SR procedure and RACH procedure (RACH preamble transmission) is to request a UL-SCH resource to send a BSR.
If special treatment is applied to only RACH procedure, i.e., if only RACH procedure has precedence over measurement gap, this could leads to different performance depending on whether a UE is configured with SR channel or not: 
· If a UL-SCH resource is allocated after performing a RACH transmission, the UE can skip measurement gap. 
· If a UL-SCH resource is allocated after a SR transmission, the UE should follow measurement gap.  
Following figure 1 shows the difference.
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Fig.1 Different behavior for SR and RACH
Thus, if we allow RACH procedure to override measurement gap, especially for RACH message 3, the performance and the behavior will be different, depending on whether SR channel is available or not.  
3.
Proposal
Based on the discussion in section 2, following proposals can be made:
- Transmission of RACH preamble and reception of RACH Access Response can override measurement gap.

: With proper configuration by eNB, SR timing will not collide with measurement gap. It means that the UE for which a SR channel is configured will have SR transmission opportunity that is not disturbed by measurement gap. Likewise, UE without configured SR channel should be given the same opportunity. Thus, transmission of RACH preamble should be allowed. 

- Only RACH procedure related to the transmission of SRB data can override measurement gap. 

: SRB message transmission in managing RRC connection between UE and eNB is important and should be prioritized. But, UL DRB resuming seems not important enough to override measurement gap.
- Transmission of RACH message 3 and reception of RACH message 4 can not override measurement gap.

: It is preferable to have consistent behavior regarding normal UL-SCH HARQ operation. Thus, special treatment of transmission of RACH message 3 should be avoided. Because RACH message 4 is for winning UE whose measurement gap configuration is already known to eNB, no special treatment is needed.

Each power ramping step consists of RACH preamble transmission and reception of RA Response message. For a UE located in cell edge, power ramping takes a lot of time. If a UE is allowed to skip the entire measurement gap during this time, the measurement performance will be impacted. Further restriction may be needed. 
4.
Conclusion
It is proposed to agree:
· Transmission of RACH preamble and reception of RACH Access Response can override measurement gap.

· Only RACH procedure related to SRB data can override measurement gap.
· Transmission of RACH message 3 and reception of RACH message 4 can not override measurement gap.
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