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1 Introduction

The measurement gap could collide with many activities. Some of them have been discussed, but many of them remain open. The contribution discusses following cases.

· The collision between measurement gaps and normal UL-/DL-SCH activities

· The collision between measurement gaps and random access procedure
· The collision between measurement gaps and CQI/SRS transmission
· The collision between measurement gaps and DRX procedure
A single principle kept so far is that a measurement gap is prioritized to other activities. Whether the principle can be extended to other cases are analyzed in this contribution.
2 Discussion
Collisions between MG and normal UL-/DL-SCH activities 
A measurement gap can collide with UL-/DL- transmission or UL-/DL- HARQ feedback. Table 1 lists all the possible cases and validity of them.

	
	That collides with measurement gaps
	Note

	1
	Scheduled DL-SCH reception
	Invalid.  

	2
	Configured DL-SCH reception
	Valid

	3
	UL feedback for the scheduled DL-SCH 
	Controversial. Note 1

	4
	UL feedback for the configured DL-SCH 
	Valid

	5
	Scheduled initial UL-SCH transmission 
	Controversial. Note 2

	6
	Configured initial UL-SCH transmission
	Controversial. Note 3

	7
	Non-adaptive retransmission for the scheduled UL-SCH transmission
	Valid and already covered

	8
	Non-adaptive retransmission for the configured UL-SCH transmission
	Valid and already covered

	9
	DL feedback for the scheduled initial UL-SCH transmission
	Controversial. Note 2

	10
	DL feedback for the non-adaptive retransmission
	Valid and already covered

	11
	DL feedback for the configured initial UL-SCH transmission
	Controversial. Note 3



Note 1: One can argue that ENB shall not schedule DL-SCH if its feedback timing collides with MG. On the 
other hand, ENB 
can consider to schedule a DL transmission even if there is no feedback if it is the last HARQ  transmission.


Note 2: ENB would not schedule initial UL-SCH if it or its feedback collides with MG. However, ENB could want UE to do 
non-adaptive HARQ retransmission after the skipped initial transmission.


Note 3: In general, ENB might be able to configure SPS to not collide with MG. However, it’s not clear whether it will 
always be possible.

As seen in table 1, there are many cases to be discussed. In our understanding, those cases invalid or controversial do not necessarily need to be captured in the specification, because they are more of ENB scheduling issue. The proposal is to keep the principle, which is regarding UE behaviour, for all the cases. 

Proposal 1: Measurement Gap is prioritized over UL-SCH activity or DL-SCH activity.

Collisions between MG and random access procedure

If we follow the principle that measurement gap has priority over DL-/UL- SCH activity, measurement gap should be prioritized over the random access procedure as well. However, random access is different in a sense that it could carry MEASUREMENT REPORT itself. The goal of the measurement report is basically to trigger a MEASUREMENT REPORT. Then it is strange to delay MEASUREMENT REPORT transmission because of measurement gap. On the other hand, having multiple options is generally undesirable. 
We believe if the transmission of measurement report could be delayed too much by applying the same rule, a separate rule for the random access case might be needed. Otherwise (i.e. not considerably delayed), a single rule shall be applied to all cases.  
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Fig.1 Random Access Procedure

To see how much additional delay could be introduced, the typical delay components of a random access procedure is analyzed below.

· MR triggered ~ Preamble transmission =  PRACH interval/2 msec

· Preamble transmission ~ RAR = [2 + TTI window/2] msec

· RAR ~ BSR transmission = 6 msec

· BSR transmission delay = [1 + [HARQ operating point – 1] * 8] msec

· BSR transmission completion ~ UL grant = Assumed as 2 msec

· UL grant ~ MR transmission = 4 msec

· MR transmission delay = [1 + [HARQ operating point – 1] * 8] msec

Assuming PRACH interval = 10 msec, TTI window = 6 msec and HARQ operating point = 2, total delay is 42 msec.

MG can be anywhere during RACH procedure. Table 2 shows the additional delay when a sub-procedure fails because it is de-prioritized to the measurement gap. 

	Sub-procedure interrupted by MG
	Additional delay
	Note

	Preamble transmission 
	10 msec
	Equal to the length of PRACH interval

	RAR reception 
	13msec
	UE reinitiate the preamble transmission at the next PRACH occassion after TTI window. 

The delay until the RAR is received with no MG = [PRACH interval/2 + 2 + TTI window/2]

The delay until the RAR is received with MG = [PRACH interval/2 + 2 + TTI window] + [PRACH interval/2 + 2 + TTI window/2]

Additional delay = PRACH interval/2 + 2 + TTI window = 13 msec

	Message 3 transmission 
	8 msec
	The delay is unavoidable even in dedicate SR case.

	HARQ feedback for message 3 
	0 msec
	No additional delay because message 3 has been transmitted anyway.


After message 3 transmission is successfully completed, ENB can schedule the UL grant considering UE’s MG. So the worst case additional delay will be 6 msec (= length of MG) before UL grant is given, which is unavoidable in non random access case. .

Additional delay from the collision between UL-SCH (BSR  or MR) and MG seems not significant. The delay is anyway tolerated even if UE has dedicate SR resource. Additional delay due to preamble transmission failure or RAR reception failure could be as high as 13 msec. Our understanding is that 13 msec delay infrequently introduced will not degrade the handover performance significantly, hence tolerable. 

Proposal 2: Measurement Gap is prioritized over the random access procedure.

Collisions between MG and DRX
In general, Measurement Gap is not needed for the DRX UE. However, if a VoIP UE can not get 6 msec measurement gap from DRX operation itself, measurement gap might be necessary. If a UE is configured both with DRX and measurement gap, there might be some collissions between the measurement gaps and the periods during when DRX timers (i.e. on-duration timer, inactivity timer, HARQ retransmission timer) are running. Basically the timers dictate UE to monitor PDCCH while Measurement Gap forces UE to not monitor PDCCH.  

When measurement gap collides with any of above DRX timer, scheduling opportunities decreases. Therefore it make some sense to stop the timer during meaurement gaps. However we don’t think there is strong enough motivation to introduce new option for this. In the worst case scenario, downlink transmission will be delayed until the next sub-frame where UE is required to monitor PDCCH, which seems not too bad.
Proposal 3: To not specify any special rule (e.g. autonomously extending the length of the timer) for the case when MG collides with the period during when on-duration timer, inactivity timer or retransmission timer. 
Collisions between MG and CQI/SRS
We believe measurement gap is inherently more important than CQI/SRS which is merely to provide the scheduler with the proper information. Please note that we already prioritize measurement gap over the UL/DL transmission itself.

Proposal 4: Measurement Gap is prioritized over CQI/SRS transmission.
3 Conclusion & recommendation
This paper includes the following proposals, that RAN2 is requested to conclude:

Proposal 1
Measurement Gap is prioritized over UL-SCH activity or DL-SCH activity.
Proposal 2
Measurement Gap is prioritized over random access procedure.
Proposal 3
To not specify any special rule (e.g. autonomously extending the length of the timer) for the case when MG collides with the period during when on-duration timer, inactivity timer or retransmission timer. 
Proposal 4
Measurement Gap is prioritized over CQI/SRS transmission.
To capture the agreements, it is also proposed to create a new chapter in 36.321. A draft CR is in [1]  
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