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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
A UE that is connected to an E-UTRAN FDD cell and configured with measurement gaps shall not transmit in the uplink subframe following immediately after the measurement gap. Similarly a UE that is connected to a TDD cell shall not transmit in the uplink subframe immediately after the measurement gap, provided that the subframe immediately before the gap is a downlink subframe. This is captured in 36.133 [1]. The rationale is to secure that the resulting measurement gap becomes 6 ms and does not get reduced by timing advance, i.e., the timing offset between uplink and downlink subframes. 
The assumption in RAN4 regarding implementation margin for switching radio from intra-frequency carrier to inter-frequency/inter-RAT carrier, and vice versa, is that 0.5ms is needed for each such switching [3]. Hence from standard point of view about 5 ms result from a 6 ms measurement gap. At least about 5.14 ms is needed in order to secure that the UE has a chance to detect E-UTRAN inter-frequency neighbour cells regardless of the timing relation to the serving cell, since the synchronization signals are transmitted on 5 ms basis [2]. The extra 0.14 ms is needed to ensure that symbols containing PSS and SSS are available in the same sync subframe to facilitate coherent detection. The situation is similar for UTRA TDD neighbour cells since there, too, the synchronization signals are transmitted on 5 ms basis. The 5.14 ms needed are within reach from implementation point of view, but it is important that the measurement gaps do not get reduced. However we have identified as set of E-UTRA TDD-cases where the measurement gap may get reduced considerably due to timing advance when real implementation is taken into account. As a result, the UE might get blind to neighbour cells with particular timings.
In this contribution we propose a change that will guarantee a 6 ms nominal measurement gap also for the concerned E-UTRA TDD cases.
Background
Alignment of EUTRA TDD measurement gaps with particular subframe offsets




[bookmark: _Ref345918913]Figure 1: Frame structure type 2, used for TDD (5 ms switching point) [2].



[bookmark: _Ref345919600]Table 1: Uplink-downlink configurations [2].
	Uplink-downlink 
Configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



The frame structure used for E-UTRAN TDD is illustrated in Figure 1, and the uplink-downlink configurations are listed in Table 1. It can be noted that for Uplink-downlink configuration 0, measurement gaps with offsets 3 and 8 subframes relative to the frame border will be squeezed in between two uplink subframes, Figure 2. Moreover it can be noted that for Uplink-downlink configurations 0, 1 and 6, measurement gaps with offsets 2 and 7 subframes will be squeezed in between a special subframe and an uplink subframe, Figure 3.


[bookmark: _Ref345925703]Figure 2: Uplink-downlink configuration 0 and alignment of measurement gap with offset 3 or 8 subframes.



[bookmark: _Ref345925744]Figure 3: Uplink-downlink configurations 0, 1 and 6 and alignment of measurement gap with offset 2 or 7 subframes.

Timing for measurement gaps
One of the assumptions when defining existing UE behaviour for measurement gaps was the measurement gap was to be defined with respect to the downlink timing, i.e., it was to be aligned with DL subframes. Moreover it was assumed that transmission that would be overlapping the measurement gap were to be dropped [4]. Later through [5] the assumptions were captured in 36.133 [1] via the following text:
In the uplink subframeoccurring 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 occurring immediately before the measurement gap is a downlink subframe.
The second bullet covers LTE TDD but does not cover the case when the measurement gap is positioned between two uplink subframes, or between a special subframe and an uplink subframe. This might be justified if considering only the autonomous change of timing; and this since the UE only is allowed to autonomously change the transmit timing by at most 17.5×TS (0.57 µs) per 200 ms provided that it is not the first transmission after DRX [1]. The relative position of the gap would differ since it is defined from UL timing instead of DL timing, but the length would be 6 ms, as required.
In a practical implementation at some point in time the UE has to plan for switching the radio received from intra-frequency to inter-frequency, and later back again. Additionally it may need to plan for when to carry out automatic gain control (need access to common reference signals), when to start recording IQ samples for offline processing, and/or configure hardware accelerators for online processing, and/or configure software for control and processing. Suppose that this planning is done say less than 200 ms in advance – then the autonomous change of timing would potentially result in that the gap would move at most ±0.6 µs in addition for measurement gaps that are positioned between uplink activities. This could be handled by removing 0.6 µs from the beginning and the end of the measurement gap, as a margin for change in position. The impact would be negligible.
When taking timing advance (TA) commands into account it becomes somewhat more problematic. Change of timing has no impact on the measurement gaps that are covered by the text above since their positions are determined by the DL timing, but may have a big impact on the gaps whose positions are determined by the UL timing, i.e. those listed in the previous subsection. Although not very likely, the UE can receive one TA command every DL or special subframe to be applied 4 subframes later. Each such TA command may change the UL timing within the range -31×16TS to 32×16TS (about ±17 µs). If say assuming that the aforementioned planning is done 20 ms in advance, it would mean that the maximum timing change would be about ±180µs for Uplink-downlink configuration 1. How much of this that actually can be applied depends on special subframe configuration (size of guard period) and aggregated timing advance at the time when the planning is carried out, i.e. when the 20 ms period begins since the aggregated timing advance is bounded. If handling the uncertainty in position of the measurement gap due to potential change of UL timing using the same approach as for the autonomous change of timing, the measurement gap will have to be reduced by, in worst case, about 0.36ms. This is because the UE has to plan for the maximum of the aggregated TA change in either direction 20 ms in advance. This would leave too little radio time for the gap to be useful for cell search and measurements.
Proposal
The analysis above regarding change of timing of gaps is based on the worst case which is unlikely to occur – maximum TA repeatedly in every subframe up to the point in time when the measurement gap occurs. However, since there is no restriction in the specifications on how often timing advance can be applied (neither in 36.133 [1] nor in 36.321 [6]), the UE implementation would have to be designed to handle the worst case. 
One improvement of the situation would be to define the maximum aggregated timing advance over some period of time, and another would be to specify e.g. that a new TA command is not sent until the previous has been applied (by which the worst case reduces somewhat). This would however be undesirable from a system perspective since it would put restrictions on the eNB, and still would not guarantee sufficiently large gaps.
An alternative improvement would be to agree not to use the concerned measurement gap offsets outlined above, i.e., to avoid having measurement gaps positioned between uplink activities. However for Uplink-downlink configuration 0 it would mean that 4 out of 10 offsets would not be possible to use. This would put restrictions on the eNB and limit its options for balancing the load in the cell. Hence this approach is undesirable, too.
Another alternative is to handle all measurement gaps the same way, i.e., to always drop the uplink subframes that overlap the measurement gap as specified from the downlink timing. It would guarantee that the resulting measurement gap is 6 ms and independent of timing advance. We are in favour of this alternative since it is simple and puts minimum implementation effort on the eNB. Concretely, the two bullets in 36.133 Section 8:
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 occurring immediately before the measurement gap is a downlink subframe.

shall be replaced by a single one:
In the uplink subframeoccurring immediately after the measurement gap,
-	the E-UTRAN UE shall not transmit any data
Proposal 1:All measurement gaps shall be handled the same way with respect to that the uplink subframe following immediately after the gap shall be dropped. The two bullets in section 8 of 36.133 shall be replaced by a single one that is valid for all duplex modes and all measurement gap offsets: 
In the uplink subframeoccurring immediately after the measurement gap,
-	the E-UTRAN UE shall not transmit any data
The proposed change has an impact on eNodeB scheduling hence an LS shall be sent to RAN2 regarding UE behaviour when configured with measurement gaps.
Proposal 2: An LS shall be sent to RAN2 regarding UE behaviour when configured with measurement gaps, where RAN2 is kindly asked to take into account that not transmissions are to be carried out in uplink subframes overlapping or following immediately after measurement gaps.
Conclusions
We have identified and described issues with particular measurement gaps configurations for which in a practical implementation the resulting measurement gap gets shorter than intended, and have provided proposals on how to address the issues:
Proposal 1:All measurement gaps shall be handled the same way with respect to that the uplink subframe following immediately after the gap shall be dropped. The two bullets in section 8 of 36.133 shall be replaced by a single one that is valid for all duplex modes and all measurement gap offsets: 
In the uplink subframeoccurring immediately after the measurement gap,
-	the E-UTRAN UE shall not transmit any data
Proposal 2: An LS shall be sent to RAN2 regarding UE behaviour when configured with measurement gaps, where RAN2 is kindly asked to take into account that not transmissions are to be carried out in uplink subframes overlapping or following immediately after measurement gaps.
A CR to introduce this change to Rel.11 is provided in [7].
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