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1. Introduction
In the last RAN4 meeting, documents [1~4] discussed the UE behaviour after measurement gap. No agreement was achieved. A way forward [5] was agreed to further investigate UE behaviour in subframe occurring immediately after measurement gap in existing Rel-12 scenarios.
This document further discusses this issue and some proposals are provided.
2. Discussion
2.1.
Impact of measurement gap in every scenarios
Current measurement gap length definition is 6 ms since Rel-8 in 36.133. As indicated in way forward [5], UE behaviour in subframe occurring immediately after measurement gap will be investigated in the following existing Rel-12 scenarios:

1. FDD single carrier case

2. TDD single carrier case

3. FDD CA:

· Single TA and multiple TAGs

4. TDD CA with same UL/DL subframe configuration on PCell and SCell:

· Single TAG and multiple TAGs

5. TDD CA with different UL/DL subframe configurations on PCell and SCell.

· Single TAG and multiple TAGs
1.
FDD single carrier case
In this case, the factor impacting measurement gap length is transmit advance for UE transmitting data in the UL subframe occurring immediately after the measurement gap, shown as figure 1. The maximum transmit advance is 666.67μs for UE supporting 100km propagation distance. In order to ensure 6ms measurement gap, the E-UTRAN FDD UE should not transmit any data in the uplink subframe occurring immediately after the measurement gap.
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Figure 1. FDD single carrier case
2.
TDD single carrier case
When the subframe occurring immediately before the measurement gap is DL subframe, the factor impacting measurement gap length is also transmit advance for UE transmitting data in the UL subframe occurring immediately after the measurement gap, show as figure 2. In order to ensure 6ms measurement gap, the E-UTRAN TDD UE should not transmit any data in the uplink subframe occurring immediately after the measurement gap.
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Figure 2. TDD single carrier case of DL subframe before measurement GAP
When the subframe occurring immediately before the measurement gap is UL subframe, the measurement gap length will not be impacted by transmit advance of the DL subframe after the gap since all UL subframe will have transmit advance, but impacted by transmit advance command implemented during measurement gap. It is believed sufficient considering one maximum transmit advance command for maximum transmit advance, i.e. 32*16Ts = 16.67μs, being implemented during measurement gap. Document [3] considered extreme scenario, i.e. 4 maximum transmit advance command is implemented during measurement gap, i.e 66.67μs. In order to ensure 6ms measurement gap, the E-UTRAN TDD UE should also not transmit any data in the uplink subframe occurring immediately after the measurement gap. Show as in figure 3.
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Figure 3. TDD single carrier case of UL subframe before measurement GAP

3.
FDD CA
For single TAG, except UL transmit advance, different timing between component carriers, i.e. TAE = 260ns defined in 36.104 for inter-band CA, will impacts measurement gap. Shown as in figure 4.
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Figure 4. FDD CA single/multi TAG case

For multi TAG, the different received timing between component carriers is up to 30.26μs defined in current specification.

In order to ensure 6ms measurement gap, the E-UTRAN FDD UE should not transmit and receive any data in the subframe occurring immediately after the measurement gap.

4.
TDD CA with same UL/DL subframe configuration on PCell and SCell
For single TAG, the impacts are similar as TDD single carrier case. Additionally, the TAE impact measurement gap length also the same as FDD CA DL. When the subframe occurring immediately before the measurement gap is DL subframe, the measurement gap length is reduced by TAE for receiving data in subframe occurring immediately after the measurement gap.
For multi TAG, the different received timing UE supporting between component carriers is up to 30.26μs.
When the subframe occurring immediately before the measurement gap is DL subframe, the transmit advance up to 666.67μs of uplink subframe occurring immediately after the measurement gap will reduce the measurement gap length. Additionally the different timing up to 30.26μs between component carriers will also reduce measurement gap length if UE receivers data in the subframe occurring immediately after the measurement gap.
When the subframe occurring immediately before the measurement gap is UL subframe, except above impact by a TA command as single carrier case: 16.67μs (4 TA command as extreme case: 66.67μs), the maximum different timing transmit defined in last RAN4 meeting, 32.47μs, can also reduce the measurement gap length. These two factors will reduce measurement gap length up to 49.14μs (extreme case: 99.14μs) if UE transmit data in the UL subframe occurring immediately after the measurement gap.
5.
TDD CA with different UL/DL subframe configurations on PCell and SCell.
The subframes direction on PCell and SCell occurring immediately before or after the measurement gap may be different. The relative TA between carriers may lead to different UE behaviour requirements, for example shown in figure 5. In case (a), TA(or propagation delay) of PCC is larger than TA of SCC, receiving DL subframe occurring immediately after the measurement gap on SCC will impact measurement gap length. In case (b), TA(or propagation delay) of PCC is smaller than TA of SCC, receiving DL subframe occurring immediately after the measurement gap will not impact measurement gap length. 
Since considering this factor will make the UE behaviour on measurement gap unnecessarily complex. It is proposed a simple requirement for the UE behaviour, i.e. in figure 5 scenario, the impact for 6ms measurement gap is maximum different received timing between CA carriers UE supported, up to 30.26μs.
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Figure 5. Impact of relative TA between carriers
So the impacts for measurement gap length are as following:

For single TAG, 

When the subframe on any of the E-UTRAN carrier frequencies of PCell and SCells occurring immediately before the measurement gap is a DL subframe, the impact is 666.67μs for transmitting data or 260ns for receiving data in subframe occurring immediately after the measurement gap.

When the subframe on all the E-UTRAN carrier frequencies of PCell and SCells occurring immediately before the measurement gap are UL subframes, 16.67μs (extreme 66.67μs) of TA command may implemented during measurement gap. 
For multi TAG, 

When the subframe on any of the E-UTRAN carrier frequencies of PCell and SCells occurring immediately before the measurement gap is a DL subframe, the impact is 666.67μs for transmitting data or 30.26μs for receiving data in subframe occurring immediately after the measurement gap. 
Note: When UE does not transmit data in one carrier, it should not limit the UE receive data on other carrier in the subframe occurring immediately after the measurement gap.

When the subframe on all the E-UTRAN carrier frequencies of PCell and SCells occurring immediately before the measurement gap are UL subframe, two factors impact measurement gap, i.e. 16.67μs (extreme case: 66.67μs) of TA command may be implemented during measurement gap and 32.47μs of maximum timing different for two UL carrier defined in last meeting. So the impacts are 49.14μs (extreme case: 99.14μs) for transmit data in UL subframe occurring immediately after the measurement gap. 
Measurement gap reductions for UE behaviours in every 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.
Tolerance for measurement gap
Base on the above analyses, the reductions of measurement gap impacted by UE behaviour in the subframe occurring immediately after measurement gap have different level in every scenario. The reduction levels have 260ns, 16.67μs (extreme case: 66.67μs), 30.26μs, 49.14μs (extreme case: 99.14μs), and 666.67μs. What level is allowed will decide the UE behaviour in the subframe occurring immediately after measurement gap.
The 6ms measurement gap have some tolerance for inter frequency/IRAT measurements. The reduction of measurement gap smaller than the tolerance can be allowed. The allowed impact can’t degrade the performance of measurement, but can have gain for the system performance. When we design the measurement gap length, it is considered that time for inter frequency/IRAT measurement and two time frequency switch. For example, the time for get data for E-UTRA TDD inter frequency measurement need half radio frame add 4 symbols to guarantee the correlative PSS and SSS of a unsynchronized inter-frequency cell, i.e. 5ms+4symbols(13, 0, 1, 2 for normal CP) = 5. 2859375ms. For E-UTRA FDD inter frequency, the measurement time need 5ms+2 symbols(12, 13 for normal CP) = 5. 1427083ms. For UTRA TDD, the measurement time is shorter, needing 5ms+DwPTS = 5.075ms. We think 600μs is sufficient for two time frequency switch. So the inter frequency and IRAT measurement need 5. 2859375ms + 600μs = 5.8859375ms. The tolerance of 6ms measurement gap is 6ms – 5.8859375ms = 114μs. The reduction of measurement gap smaller than 100μs can be allowed.
Proposal 1: The impact shorter than 100μs for measurement gap can be allowed due to UE transmitting or receiving data in the uplink subframe occurring immediately after the measurement gap.
2.3.
UE behaviour on measurement gap
If proposal can be agreed, we can get the UE behaviours on the measurement gap after summary every scenarios as the definition in Rel-8~11 can be reused for E-UTRA FDD, and the definition in Rel-8~11 will be modified slightly for E-UTRA TDD, i.e. added “on any of the E-UTRAN carrier frequencies of PCell and SCell” for the subframe occurring immediately before the measurement gap is a downlink subframe.
Proposal 2: The specification will 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.

This specific will also apply for FDD/TDD CA. In this case, there is always DL subframe occurring immediately before measurement gap for FDD carrier. UL subframe occurring immediately after the measurement gap shall always not transmit any data for TDD carrier. TDD is aligned with FDD.
3. Summary
The document discussed UE behaviour after measurement gap for Rel-12 UE, it is proposed:
Proposal 1: The reduction of measurement gap smaller than 100μs can be allowed.

Proposal 2: The specification will 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.
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