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1. Introduction
In the last RAN4 meeting, a way forward [1] is agreed on UE behaviour after measurement gap. The background and issues for further investigation are listed as following:

[image: image1]
This document further discusses this issue and provides our proposals.
2. Discussion
2.1.
Impact of measurement gap in every scenarios
Scenarios listed in [2] had been discussed in our paper in RAN4#69 [3]. During the study, the reduction of measurement gap length impacted by TAE between intra-band CA carriers (260ns), maximum DL timing difference (30.26μs) and maximum UL transmit timing difference (32.47μs) between CA carriers supported by UE in multi-TAG, one maximum transmit advance command (16.67μs) or four same direction maximum transmit advance command (66.67μs) implemented during measurement gap, and maximum uplink transmit advance (666.67μs i.e. 100km) may be supported by UE. Measurement gap reductions for UE behaviours in each scenario are extracted in table 1.

Table 1. Summary of measurement gap reduction for UE behaviours
	Case
	TAG
	Subframe indirection before measurement gap
	Maximum reduction (μs)

	
	
	
	Receiving data in subframe after measurement gap
	Transmitting data in subframe after measurement gap

	FDD single carrier case
	—
	—
	0
	666.67

	TDD single carrier case
	—
	DL
	0
	666.67

	
	
	UL
	0
	16.67μs (extreme 66.67μs)

	FDD CA
	Single
	—
	0.26
	666.67

	
	Multi
	—
	30.26
	666.67

	TDD CA with same UL/DL subframe configuration
	Single
	DL
	0.26
	666.67

	
	
	UL
	0
	16.93μs (extreme 66.93μs)

	
	Multi
	DL
	30.26
	666.67

	
	
	UL
	0
	49.14μs (extreme 99.14μs)

	TDD CA with different UL/DL subframe configurations
	Single
	DL on any carrier
	0.26
	666.67

	
	
	UL on all carriers
	0
	16.93μs (extreme 66.93μs)

	
	Multi
	DL on any carrier
	30.26
	666.67

	
	
	UL on all carriers
	0
	49.14μs (extreme 99.14μs)


2.2.
Consideration and Proposal

From specification point of view, the measurement gap length equals 6 ms, i.e. 6 subframes. Minimum available time during a measurement gap equals 5ms. The total frequency switching time (including tolerance) allowed by RAN4 specification is 1ms.
In UE implementation, the frequency switch time will be shorter than 1ms. We think UE can complete two frequency switches within 600μs [3], i.e. sum of the time to switch from serving carrier to non-serving carrier and the time to switch back to serving carrier. There are 400μs time tolerance to deal with other additional time and uncertainty event. As descript in [1], 0.29ms additional time for TDD is needed to facilitate coherent detection of PSS and SSS. So, TDD UE can have 110μs to deal with uncertainty event as discussed above. 
From table 1, when UE implements four same direction maximum transmit advance command during measurement gap, the reduction of measurement gap is 66.67μs. Adding the maximum UL transmit timing difference (32.47μs), the reduction of measurement gap will be shorter than 100μs. So UE doesn’t need to drop UL subframe immediately after gap in the rare case of receiving consecutive maximum TA before the gap. Furthermore, it is very rare case that a UE received consecutive same direction maximum transmit advance command implemented during measurement gap. Even the UE drop the UL subframe immediately after gap that scheduled by network, the impact on system performance is very small. It is proposed that the rare case need not considered.

But if the UL subframe immediately after gap is allowed transmit when the subframe immediately before gap is UL subframe, the UE maximum throughput will get 5%~8% gain compare with not allowed transmit. 
Based on above considerations, we prefer the Rel-12 TDD UE behaviour on measurement gap is still specified similar to previous releases with simple modification for applicability for possible different UL/DL subframe configuration between CA carriers as following: 
Proposal: The Rel-12 specification be modified as following:
In the uplink subframe occurring immediately after the measurement gap,

-
the E-UTRAN FDD UE shall not transmit any data
-
the E-UTRAN TDD UE shall not transmit any data if the subframe on any of the E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap is a downlink subframe.

3. Summary
The document discusses the impact of measurement gap for UE behaviour after measurement gap for Rel-12 UE in every scenarios, and gives our considerations. The following proposal is presented.
Proposal: The Rel -12 specification be modified as following:
In the uplink subframe occurring immediately after the measurement gap,

-
the E-UTRAN FDD UE shall not transmit any data
-
the E-UTRAN TDD UE shall not transmit any data if the subframe on any of the E-UTRAN carrier frequencies of PCell and SCell occurring immediately before the measurement gap is a downlink subframe.

4. Reference
[1]
R4-136910, Way Forward on UE Behavior after Gap, Ericsson, Samsung, CATT, Huawei, HiSilicon
[2]
R4-135777, Way Forward on UE Behavior after Measurement Gap
[3]
R4-136487, Further discussion on UE behaviour after measurement gap, CATT















































































































































































































































































































































































Background:


Current measurement gap length = 6 ms since Rel-8 as defined in 36.133


Minimum available time during a measurement gap = 5 ms according to Table 8.1.2.1-1 in TS 36.133.


Additional time (0.14 ms and 0.29 ms for FDD and TDD respectively) is needed to facilitate coherent detection of PSS and SSS. 


Issues for further investigation


Total frequency switching time (including tolerance) allowed by RAN4 specification (TS 36.133)


Sum of the time to switch from serving carrier to non-serving carrier and the time to switch back to serving carrier. 


Whether UE should be allowed to drop UL subframe immediately after gap in the rare case of receiving consecutive maximum TA before the gap


Whether the combination of timing difference between multiple TAGs and multiple maximum TA commands should be considered in multiple TAG case for determining required measurement time.


Rel-12 scenarios for Investigation as listed in R4-135777.


Investigate generic versus scenario specific requirements as in R4-135777. 


Timeline


Interested companies to provide their input in RAN4#70.


Decide in RAN4#70 based on companies’ input whether UE behavior after measurement gap needs to be modified or not. 
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