3GPP TSG RAN WG4 Meeting #68
R4-133916
Barcelona, Spain, Aug 19 – 23, 2013

Agenda Item:
6.3
Source: 
Ericsson, ST-Ericsson
Title:
UE Behaviour for Transmission after Measurement Gaps in TDD
Document for:
Discussion

1 Introduction

Issues with a subset of the measurement gap offsets for some of the E-UTRAN TDD UL/DL configurations were brought up at RAN4#66 [8], and further at RAN4#66bis [9]. Additionally at RAN4#66bis similar issue for measurement gaps in carrier aggregation was brought up by Samsung [10], where depending on UL/DL configuration on each carrier the resulting gap to use for inter-frequency or inter-RAT measurements may become less than 6 ms. 
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 [4]. 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 6 ms nominal measurement gap also for the concerned E-UTRA TDD cases in single-carrier case, and also provide rationales from system throughput and user experience perspectives. Moreover we are addressing measurement gap handling for carrier aggregation and for the case when PCell and SCell(s) belong to different TAGs. 
2 Background

Alignment of EUTRA TDD measurement gaps with particular subframe offsets
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Figure 1: Frame structure type 2, used for TDD (5 ms switching point) [2].

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.
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Figure 2: Uplink-downlink configuration 0 and alignment of measurement gap with offset 3 or 8 subframes.
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Figure 3: Uplink-downlink configurations 0, 1 and 6 and alignment of measurement gap with offset 2 or 7 subframes.
Timing for measurement gaps – single carrier
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 [5]. Later through [6] the assumptions were captured in 36.133 [1] via the following text:
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.
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 6 subframes later. Each such TA command may change the UL timing within the range -31×16TS to 32×16TS (about ±17 µs). 
Observation 1: A TA command received less than 6 ms before the measurement gap will have to be applied before transmission in the UL subframe following immediately after the measurement gap. Hence for TDD the standard cannot guarantee a nominal 6 ms gap, regardless how close to the measurement gap the UE prepares the radio switching. This clearly violates the intention in the standard. For FDD 6 ms gaps are guaranteed since the first UL subframe after the measurement gap is not used.
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. Shorter preparation phase may of course reduce the needed margins, but from Observation 1 it is clear that for LTE TDD one can never guarantee a nominal gap of 6 ms.
Observation 2: The minimum number of subframes available for measurements on TDD carriers is half of what is available for FDD; 1 DL instead of 2 DL unicast subframes per 5 ms. Before a UE has detailed information on the UL/DL allocation and/or MBSFN pattern of a target carrier, it has to assumed that only the minimum number of subframes can be used for measurements. Hence it is more challenging to meet cell detection, measurement accuracy, and event detection requirements for TDD than for FDD.  

Observation 3: The UE implementation has to handle whatever configurations or commands it gets from the network unless those are contradicting the indicated capabilities or violate standardized behaviour. Hence from UE point of view it is not relevant to discuss how large aggregated TA the UE can expect over some period of time. The only thing that matters is how large aggregated TA the UE can get according to the standard.
Timing for measurement gaps – aggregated carriers

The CA-capable UE supporting inter-band aggregation shall be capable of aggregating DL carriers of cells provided that the maximum time difference between any two serving cells when received by the UE is less than 31.3us [3]. For intra-band contiguous CA it is assumed that the serving cells are transmitted from the same location and essentially only differ by the timing tolerance for the eNBs (±130 ns), and for non-contiguous carrier aggregation (intra-band non-contiguous and inter-band) the transmit time misalignment between carriers is limited to ±260 ns. However the UE requirements are general hence for aggregation of FDD carriers the guaranteed effective measurement gap when there is no reception on any serving carrier is reduced to about 5.97 ms compared to the 6 ms in the single carrier case. This loss of radio time is not negligible but is likely to be tolerated by most UE implementations.
Observation 4: For aggregation of FDD carriers the minimum guaranteed measurement gap is about 5.97ms since any two serving cells shall be received with a time difference of less than 31.3us.
When considering aggregation of TDD carriers with identical or different UL/DL allocations, the maximum time difference between any two serving cells when received by the UE is still to be less than 31.3us, but as pointed out in previous subsection there is still the issue that the UE has to plan the measurements some time in advance and when doing so has to take into account potential TA commands. Hence the time that the UE can assume available for measurements has to be decreased by margins taking potential TA in either direction into account. As a result this would leave too little radio time for the gap to be useful for inter-frequency or inter-RAT cell search and measurements. 
Moreover, when taking into account UEs that support aggregation on the UL, in case the UE supports multiple TAGs the aggregated TAs on PCell and SCell(s) may be different, meaning that transmissions on PCell and SCell(s) are not fully overlapping in time. For measurement gaps that are squeezed in between two UL subframes it would mean that the net gap can be smaller than for FDD (5.97ms) even without taking implementation aspects into account, see Figure 4. The deployment scenario that may result in such case is for instance when PCell is providing macro coverage and SCells are providing hotspot coverage. When the UE is close to the SCell but far away from the PCell the aggregated TA for pTAG will be considerably larger than the one for sTAG. It shall be noted that as long as the difference in DL frame timing of PCell and SCell as received by a UE within the coverage of the SCell is within ±31.3us the cells can be aggregated in the DL. There is no such restriction on the UL transmission time from the UE. Thus there can be a static TA difference between pTAG and sTAG which results in that the measurement gap gets reduced. As an example, a UE that is 25 kms away from the PCell site will have a pTAG aggregated TA of about 166us. At the same time the UE may be close to the SCell and have a sTAG aggregated TA of just a few us. The measurement gap would be reduced by the difference between pTAG and sTAG aggregated TAs, in worst case 166us. 

Observation 5: For aggregation of TDD carriers the minimum guaranteed measurement gap is less than for FDD (5.97ms) when the PCell and SCell(s) belong to different TAGs since there may be a static difference in aggregated TA between pTAG and sTAG. This even without taking TA commands received immediately before the gap into account. For FDD there are no such issues since the first UL subframe after the gap is not used.
Regarding TA commands received immediately before the measurement gap, what has been stated above for single carrier case also applies for the multi-TAG carrier aggregation case, but comes on top of static difference between pTAG and sTAG. The UE still need to be prepared on TA commands in the least favorable direction for each TAG, resulting in that the overlapping gap between PCell and SCell becomes shorter.

Taking difference in pTAG and sTAG aggregated TA into account and assuming that the UE e.g. is 9 kms from the SCell and 25 kms from the PCell, pTAG aggregated TA can be 166us and sTAG aggregated TA 60us. This alone results in a reduction of the measurement gap by 0.23ms. Then further, since TA may be received after the point in time when the UE plans the measurements (preparing to tune the radio to another frequency), further margins are needed. Assuming that at least a single timing advance command can be received when the UE has started to prepare to re-program the radio, margins of 2×17us have to be applied. This results in that the gap is reduced by some 0.26ms. This is beyond the implementation margin given that the current implementation already has to account for an extra margin of 0.14 ms for the coherent detection of PSS/SSS.
Observation 6: For the example where the UE is 9 kms away from the SCell and 25 kms away from the PCell, and receives one TA command per TAG just before the measurement gap, the measurement gap squeezed in between two UL subframes has to be shortened by 0.26 ms, hence leaving 5.74 ms. For the same scenario an FDD measurement gap would be 5.98 ms since the UL subframe immediately after the measurement gap is not used. Recall from Observation 2 that it already beforehand is more challenging to meet requirements for TDD than FDD. Having systematically shorter measurement gaps for TDD does not improve the situation.
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Figure 4: Example of gap between two UL subframes and impact of PCell and SCell belonging to different TAGs. As a result the net measurement gap may become smaller than for the FDD case (5.97 ms).   
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[7]), 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). The maximum aggregated TA over some period of time could for instance be based on considerations on mobility alone, i.e., what high speed scenario to support and what impact it would have on UE timing. This would however be undesirable from a system perspective since it would put restrictions on the eNB. Moreover it would not address the issue with PCell and SCell(s) belonging to different TAGs. One rationale for not restricting the usage of TA is that it is not only used for compensating the distance between the UE and the eNB, but may also be used for shifting/maintaining the general UL-DL timing in the cell. Another rationale is that restrictions on the TA usage would not guarantee sufficiently large gaps, which would mean that the UE may become blind to otherwise strong inter-frequency neighbour cells or inter-RAT neighbour cells with same periodicity of the synchronization signals as in E-UTRA – e.g. UTRA TDD 1.28 Mcps. Since the measurement gap periodicity is a multiple of the synchronization signal periodicity, the situation does not improve over time as long as the UE remain stationary or at the same distance to the inter-frequency/inter-RAT neighbour cell(s). This would lead to unpredictable UE behaviour and could result in network problems that are hard and costly to troubleshoot. For instance, where the network planning is based on that UE can remain in coverage by being handed over to an inter-frequency neighbour cell, it may be experienced that a considerable fraction of the UEs never report the inter-frequency cell(s) and instead drop connection due to radio link failure and instead find the inter-frequency neighbour cell after re-establishment via idle mode. This causes overhead and has a negative impact on the system throughput. It also has a negative impact on the user experience in terms of dropped connection (dropped calls in VoLTE, disruption in streaming services, etc). 
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. Loss of throughput by not transmitting immediately after the measurement gap can be minimized by preventing to configure UEs with the concerned measurement gap offsets until it is called for by cell user capacity considerations. Moreover from system considerations the loss of throughput due to not transmitting after the gap is at least partly compensated by less system overhead caused by dropped connections followed by re-establishment.
We are in favour of the latter alternative since it is simple and puts minimum implementation effort on the eNB. Concretely, the two bullets in 36.133 subsection 8.1.2.1:

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 subframe occurring 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 subsection 8.1.2.1 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 subframe occurring immediately after the measurement gap,

-
the E-UTRAN UE shall not transmit any data

3  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 a proposal 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 subframe occurring immediately after the measurement gap,

-
the E-UTRAN UE shall not transmit any data

A CR to introduce this change to Rel-12 is provided in [11].
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