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1 Introduction
In work so far on measurement gap enhancement, RAN4 has focussed on high level decisions (e.g. what features will be considered and how they work) as well as providing details for RAN2 to allow them to have discussions on signalling aspects. However, there are only 2 more RAN4 meetings (November 2016 and February 2017) before the work item is planned to be closed, so it is also necessary to discuss and agree detailed changes that will be made to requirements in RAN4.
2 Discussion

We discuss the needed requirements changes in 36.133 for each measurement gap enhancement sub feature
1) Shorter MGL
For shorter MGL, there seem to be at least following main changes needed in 36.133

a) Decide whether the shorter MGL is 3ms or 4ms long, and update table Table 8.1.2.1-1: “Gap Pattern Configurations supported by the UE” according to the conclusion with 2 new gap patterns (40ms and 80ms). Considering the decision on 3ms or 4ms, our view is that a 3ms gap would already provide 0.5ms+0.5ms for switching, up to 1ms for imperfect synchronisation and propagation delays, and still allow 1ms for PSS/SSS detection and CRS measurement. A legacy gap allows the UE to spend longer making measurements, or perform the measurements of CRS of different cells at different times to ease baseband processing requirements. However, it should be kept in mind that for legacy gaps, In FDD, MBSFN sub frames may be configured in sub frames 1/2/3/6/7 or 8. In an arbitrary 5ms period, there are only guaranteed to be 2 non MBSFN sub frames and they are not guaranteed to be contiguous in time. Since the UE may or may not know the MBSFN configuration of a neighbour cell, the interfrequency measurement opportunities are somewhat limited even with a 5ms gap. It cannot always be guaranteed to have enough sub frames available to perform coherent measurement over 2 sub frames, for example. MBSFN sub frames are not very useful for measurement purposes because they only contain a single CRS symbol in the time domain.
 When we consider short MGL gaps, the situation is shown in figure 1
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Figure 1a) 4ms gap option 1
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Figure 1b) 4ms gap option 2
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Figure 1c) 3ms gap


A 3 ms gap always allows one sub frame to be available to the UE as shown in figure 1c). Theoretically it might be possible to receive the sub frame before if the additional propagation delay to the neighbour is large enough (Tswitch<Tpropdiff-Tsync). However, the UE needs to be designed to deal with near-zero propagation delay for small cells etc., so it seems very unlikely that a practical UE could ever make use of 2 sub frames for measurement, regardless of how quickly it can switch.
If a 4ms gap is used, there is one extra sub frame available for the measurement. So regardless of switching time the UE has 2 sub frames available for the measurement (again except for the very theoretical case of switching faster than the additional propagation delay). However, there are now 2 possible scenarios as shown in figures 1a) and 1b). In figure 1a, the UE receives the neighbour sub frame 0 or 4 (to ensure PSS/SSS this must be present) and the sub frame before (so either sub frame 9 or 4). These are not MBSFN sub frames. The other option is shown in figure 1b) where the UE receives neighbour sub frame 0 or 4 (again to ensure PSS/SSS this must be present) and the sub frame after (so either sub frame 1 or 6). Sub frames 1 or 6 are candidates to be MBSFN, so if the UE cannot determine from its configuration that they are not MBSFN they are of limited value for measurement.
It can be seen then that the main technical benefit of 4ms gap over 3ms gap can only be obtained if either

· The network configures the gap timing as shown in figure 1a) i.e. creates the opportunity for the UE to measure the sub frame before the PSS/SSS or
· The network signals a configuration such that the UE can determine that MBSFN is not in use in the sub frames after the PSS/SSS

If the network is unable to guarantee one of these conditions, then there is limited technical benefit to the UE of a 4ms measurement gap. So we expect that if 4ms gap was specified, it is likely that aspects of these conditions would need to be captured as side conditions for the measurement.

 It should be kept in mind that 4ms measurement gaps are already 2/3 of the length of legacy gaps. At the same time the requirements for legacy gap measurements come without any side conditions on gap timing since they even support asynchronous cells. Hence the throughput gains of short MGL could be questioned.
Proposal 1: 3ms MGL is specified for short gap
b) Window for PSS/SSS
In carrier aggregation it is specified that serving cells are aligned within 30.260us at the UE receiver. However, this is for two cells from the same eNB, so 260ns is allowed for transmission time alignment and 30us is allowed for deployment (propagation aspects). For neighbour measurements the propagation difference could be larger (expecting that the UE can detect and report more distant neighbour cells compared with serving cells) and in addition we cannot expect 260ns synchronisation in networks. For TDD the synchronisation requirement is ±3uS. Suitable margins might be at least ±3us for eNB transmission time difference and +100us for propagation which would allow neighbour reporting from approximately a 30km distant neighbour. It is also possible that the neighbour cell is closer to the UE than the serving cell e.g. for a UE than the serving cell. One such scenario would be when a UE is served by a distant macro cell and discovers a nearby interfrequency small cell. While the negative time difference is unlikely to be -100uS (a serving cell 30km away is very unlikely from path loss considerations) we think it may be reasonable to consider a symmetric window for PSS/SSS. As shown in figure 1c, with a 3ms gap the measurement sub frame is nominally (with zero propagation delay and perfect sync) in the centre of the possible reception window so it seems equally easy to handle positive and negative timing from this nominal position. Applying a symmetric window allowing ±100us for propagation differences and ±3us for synchronisation differences implies a PSS reception window of at least ±103uS compared with the nominal timing in figure 1c.
 In view of the earlier comments that overly restrictive side conditions will limit the use cases for short MGL, and because there seems no particular difficulty with supporting an offset of greater than ±103uS, we propose that a window of ±500uS is specified. In requirements terminology this could be specified as
Proposal 2: With short gaps, the UE shall be able to detect a target cell if a sub frame containing PSS/SSS begins not earlier than 500ms from the start of the measurement gap and if a sub frame containing PSS/SSS ends not later than 500ms before the end of the measurement gap. The reference point for this requirement is at the UE antenna connector.
If proposal 1 is not accepted and 4ms measurement gaps are used, then the timing requirement becomes 

Proposal 2bis: With short gaps, the if the UE is not able to determine the MBSFN configuration of neighbour cells, or the sub frame after the sub frame containing PSS/SSS is an MBSFN sub frame, the UE shall be able to detect a target cell if the sub frame before a sub frame containing PSS/SSS begins not earlier than 500ms from the start of the measurement gap and if a sub frame containing PSS/SSS ends not later than 500ms before the end of the measurement gap. 

If the UE is able to determine the MBSFN configuration of neighbour cells, and the sub frame after the PSS/SSS is not an MBSFN sub frame, the UE shall be able to detect a target cell if a sub frame containing PSS/SSS begins not earlier than 500ms from the start of the measurement gap and if a sub frame containing PSS/SSS ends not later than 500ms before the end of the measurement gap

The reference point for this requirement is at the UE antenna connector.

Proposal 2bis allows the UE to measure over 2 sub frames where there is known to be full CRS. We would emphasise here that 4ms MGL is not our preference since the gain over legacy gaps is quite small, but proposal 2bis is the only way that the UE can meaningfully exploit the availability of another sub frame.
The exact wording of the requirement can be discussed. To clarify, this would be an additional timing side condition for short gap based measurement compared with legacy gap measurements. All existing side conditions (such as Es/Iot etc.) would also need to apply to short gap measurement.
This requirement needs to be discussed, and we recommend that for clarity it is captured in a new section of 36.133 chapter 8, e.g. “8.X UE reception time requirements for reporting measurements in short MGL gaps” or similar.

c) Other requirements for short gap CRS and CSI-RS measurements

Fundamentally, the concept of short MGL measurements is that the UE does not need to search over a window of ±2.5ms+2 symbols to guarantee that an instance of PSS/SSS has fallen within its receiver window as is needed in an asynchronous measurement (since PSS/SSS have a periodicity of 5ms and a duration of 2symbols). Other than reducing the searching window for PSS/SSS, other mobility measurement processing is unchanged by the short gap operation (as discussed above, there are limited opportunities to measure CRS at other times than around the sub frame containing PSS/SSS if the UE does not know neighbour MBSFN configuration).
This means that all other side conditions and requirements (such as cell detection and measurement accuracy should fundamentally be the same as with legacy 6ms gaps. One way of expressing this is to say that the effective Tinter (which is used to specify the delay requirements) is still 30ms (with 80ms MGRP) or 60ms (with 40ms MGRP). This may look confusing because the actual interfrequency measurement time available with 1ms switching overhead is only 12ms or 24ms. However, what we are saying here is that measurement performance with MGL=3ms and MGRP=40ms in a synchronous network should be equivalent to performance in an asynchronous network when Tinter=60ms is available.

This could be captured in specifications e.g. in the table defining the parameters of the new gap patterns. Note 1 attempts to clarify the difference between effective Tinter and actual Tinter for this case. If this is done, and it is agreed that there are no other changes to measurement performance, then the requirements for mobility measurements can be considered fully specified in RAN4 by the addition of these changes and a section on time window as per proposal 2.
Proposal 3: The following change captures measurement performance for mobility measurements with short MGL
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	2
	[3] or [4]
	40
	60NOTE 1
	Inter-Frequency E-UTRAN FDD and TDD for cells with time difference according to section TBD

	3
	[3] or [4]
	80
	30NOTE 1
	Inter-Frequency E-UTRAN FDD and TDD for cells with time difference according to section TBD

	Note 1: Although less time than this is available during a 480ms measurement period, the UE measurement requirements are the same as for gap patterns 0 and 1 as the UE is able to exploit the limited time difference to determine a smaller window for cell detection


d) RSTD measurements

Conceptually, the reception window for PRS is the same as the reception window for PSS/SSS. For positioning measurements NPRS is configurable and signalled to the UE. The UE can clearly only process PRS sub frames that are received at its antenna connector starting 0.5ms after the measurement gap and ending at least 0.5ms before the measurement gap ends. So the discussion of PSS/SSS window is a prerequisite for the discussion on PRS. One issue that we would like to raise is that RAN4 already agreed
· When position occasion Nprs is not more than MGL-1ms, requirements for reduced MGL will be defined.

· When position occasion Nprs is more than MGL-1ms, requirements for reduced MGL will not be defined

This implies that if MGL=3ms, the UE should be able to measure with Nprs=2ms. Technically speaking this does not seem feasible because with 0.5ms switching there are only 2 sub frames available at the UE receiver with perfect sync and 0ms propagation delay difference between the serving and measured cell. If we follow a similar approach as proposed above and allow for ±500us offset between cells, we would only be able to define requirements when Nprs=1. This depends on other issues we have raised in the contribution such as MGL and receiver window duration. Fundamentally, however, in practice it only seems possible to define requirements for Nprs≤MGL-2ms with any non-zero propagation delay unless the UE uses partial/incomplete PRS sub frames to measure.

Proposal 4: MGL and reception window is settled before finalising PRS requirements

Proposal 5: RAN4 discusses if it is possible to define requirements only when  Nprs≤MGL-2ms
As there are no interRAT requirements to define, we believe proposals 1-5 cover all the requirements changes needed in RAN4 for this sub feature.

2) Per CC measurement gaps

Per CC measurement gaps are complicated from a capabilities perspective since the capability depends on RF architecture which is a RAN4 topic. However, assuming that the UE is able to perform the measurement, it does not really affect the measurement requirement whether it is facilitated with a per CC gap or a per UE gap. So fundamentally there is not a very significant impact or even no impact to RAN4 requirements themselves from per CC gaps.
Proposal 6: RAN4 discusses whether per CC gaps have impact on RAN4’s own specifications

One area where we expect some impact is for parallel measurements of multiple CCs in one gap. For this work, our preference is that the UE somehow indicates the effective Nfreq that it is using to the eNB as a capability. For example, if 2 measurements are performed in parallel in each gap and the UE is configured with 4 measurement objects then it would indicate Nfreq=2 for the effective Nfreq.

The definition of Nfreq (section 8.1.2.1.1
Monitoring of multiple layers using gaps) needs some modification in this case. A possible modification could be

	When monitoring of multiple inter-frequency E-UTRAN and inter-RAT (UTRAN, GSM) using gaps (or without using gaps provided the UE supports such capability) is configured, the UE shall be capable of performing one measurement of the configured measurement type (RSRP, RSRQ, RSTD, UTRAN TDD P-CCPCH RSCP, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all the layers 

The effective total number of frequencies excluding the frequencies of the PCell and SCell being monitored is Nfreq, which is defined as:

Nfreq = Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD

where 

Nfreq, E-UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

Nfreq, UTRA is the number of UTRA carriers being monitored (FDD and TDD)

MGSM is an integer which is a function of the number of GSM carriers on which measurements are being performed. MGSM is equal to 0 if no GSM carrier is being monitored. For a MGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a MGRP of 80 ms, MGSM is equal to ceil(Ncarriers,GSM /20) where Ncarriers,GSM is the number of GSM carriers on which cells are being measured.

Nfreq, cdma2000 is the number of cdma2000 1x carriers being monitored

Nfreq, HRPD is the number of HRPD carriers being monitored

The UE may optionally indicate using higher layer signalling that it supports measurement with a lower Nfreq than Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD if it is capable of performing multiple measurements in parallel in one measurement gap. In this case, the measurement performance in the following sections is according to the Nfreq value indicated by higher layer signalling.


Proposal 7: Clarifications in section 8.1.2.1.1 are considered for parallel measurement related to the definition of Nfreq
3) Interruption control

There are 3 use cases for interruption control gaps. Each use case will imply specification changes in RAN4.

a) Enable measurement on unused RF chains with interruption controlled on activated CC

As there are no requirements for measurements which allow interruptions today, the new requirement should not be too difficult to draft. The discussion on UE capabilities needs to mature before an exact wording can be considered, but effectively the new requirement should capture that when the UE has indicated capability to use an unused RF chain to make the measurement and the network has configured a corresponding interrupt control pattern on activated CC, the UE does not make any interruption. 
Proposal 8: A new requirement should capture that when the UE has indicated capability to use an unused RF chain to make the measurement and the network has configured a corresponding interrupt control pattern on activated CC, the UE shall not make any interruption.

b) Enable per-CC measurement gap configuration with interruption controlled
Considerations are very similar to proposal 8. When the UE indicates that it needs interruption control gaps (exact mechanism that this will happen is TBD) and the network has provided them the UE should not make any interruptions.

Proposal 8: A new requirement should capture that when the UE has indicated capability that it needs an interruption control gap pattern in its per CC measurement gap configuration and the network has configured a corresponding interrupt control CC, the UE shall not make any interruption.

c) Eliminate/reduce interruption rate due to deactivated SCell measurement

So far there is no agreement in RAN4 on whether interruptions are eliminated or reduced for this use case. Currently the UE is allowed to interrupt in the following scenarios
1.
measCycleSCell [2] for the deactivated SCell is 640 ms or longer. 

2.
if indicated by the network using IE allowInterruptions
There is also a related capabilities IE, defined by 

	benefitsFromInterruption
Indicates whether the UE power consumption would benefit from being allowed to cause interruptions to serving cells when performing measurements of deactivated SCell carriers for measCycleSCell of less than 640ms, as specified in TS 36.133 [16].
	No


This means we only need to talk about reducing/eliminating interruptions if measCycleSCell [2] for the deactivated SCell is 640 ms or longer or if indicated by the network using IE allowInterruptions, since interruptions are already eliminated in other configurations.
Firstly, on the discussion as to whether interruptions are reduced or eliminated. Today the UE is allowed up to 0.5% missed ACK/NACK in these scenarios. We do not think it makes sense to configure an interruption control pattern unless this rate is substantially reduced from 0.5% or interruptions are totally eliminated. It could be discussed what is meant by “substantially reduced” but at any rate better requirements would need to be agreed and defined. So far we believe it should be possible to eliminate interruptions due to deactivated SCell measurements with an interruption control pattern, and if this is not possible, it seems to imply that the interruption control pattern is not well designed. Naturally there will still be interruptions caused by other aspects than deactivated SCell measurement (Such as Scell activation/deactivation/configuration/deconfiguration) as have previously been discussed in RAN4. If this understanding is not correct, then technical discussion is needed on why interrupts still occur caused by deactivated SCell measurement when an interrupt control pattern is configured. In the absence of this technical discussion then existing interrupt requirements in sections 7.8.x where the UE is allowed to make 0.5% missed ACK/NCAK interrupts need to be updated along the following lines
	7.8.2.6
Interruptions during measurements on SCC for inter-band CA

If the UE has not been configured with any suitable interrupt control gap pattern, PCell interruptions due to measurements on SCC when the SCell is deactivated are allowed with up to 0.5% probability of missed ACK/NACK when the configured measCycleSCell [2] is 640 ms or longer. 
If indicated by the network using IE allowInterruptions [2] and the UE has not been configured with any suitable interrupt control gap pattern, PCell interruptions due to measurements on SCC when the SCell is deactivated are allowed with up to 0.5% probability of missed ACK/NACK regardless of the configured measCycleSCell [2].

If the UE has been configured with a suitable interrupt control gap pattern, Pcell interruptions due to measurements on SCC when the SCell is deactivated are not allowed.
Each interruption shall not exceed 1 subframe.


The exact definition of “suitable interrupt control gap pattern” may be clearer once capabilities have been discussed, for now it could be considered to mean a gap pattern which according to UE capabilities is necessary to avoid autonomous interruptions.

Proposal 9: The target should be to eliminate interruptions due to deactivated SCell measurements with a suitable interruption control pattern, and this should be captured in interruption control requirements in all the various 36.133 section 7.8.2
3 Conclusions
This contribution focusses on the necessary changes to RAN4 specifications to introduce sub-features of the measurement gap enhancement work item
We have identified changes which we consider are needed according to the following proposals

Proposal 1: 3ms MGL is specified for short gap
Proposal 2: With short gaps, the UE shall be able to detect a target cell if a sub frame containing PSS/SSS begins not earlier than 500ms from the start of the measurement gap and if a sub frame containing PSS/SSS ends not later than 500ms before the end of the measurement gap. The reference point for this requirement is at the UE antenna connector.

If proposal 1 is not accepted and 4ms measurement gaps are used, then the timing requirement becomes 

Proposal 2bis: With short gaps, the if the UE is not able to determine the MBSFN configuration of neighbour cells, or the sub frame after the sub frame containing PSS/SSS is an MBSFN sub frame, the UE shall be able to detect a target cell if the sub frame before a sub frame containing PSS/SSS begins not earlier than 500ms from the start of the measurement gap and if a sub frame containing PSS/SSS ends not later than 500ms before the end of the measurement gap. 

If the UE is able to determine the MBSFN configuration of neighbour cells, and the sub frame after the PSS/SSS is not an MBSFN sub frame, the UE shall be able to detect a target cell if a sub frame containing PSS/SSS begins not earlier than 500ms from the start of the measurement gap and if a sub frame containing PSS/SSS ends not later than 500ms before the end of the measurement gap

The reference point for this requirement is at the UE antenna connector.

Proposal 3: The following change captures measurement performance for mobility measurements with short MGL
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	2
	[3] or [4]
	40
	60NOTE 1
	Inter-Frequency E-UTRAN FDD and TDD for cells with time difference according to section TBD

	3
	[3] or [4]
	80
	30NOTE 1
	Inter-Frequency E-UTRAN FDD and TDD for cells with time difference according to section TBD

	Note 1: Although less time than this is available during a 480ms measurement period, the UE measurement requirements are the same as for gap patterns 0 and 1 as the UE is able to exploit the limited time difference to determine a smaller window for cell detection


Proposal 4: MGL and reception window is settled before finalising PRS requirements

Proposal 5: RAN4 discusses if it is possible to define requirements only when  Nprs≤MGL-2ms
Proposal 6: RAN4 discusses whether per CC gaps have impact on RAN4’s own specifications

Proposal 7: Clarifications in section 8.1.2.1.1 are considered for parallel measurement related to the definition of Nfreq
Proposal 8: A new requirement should capture that when the UE has indicated capability to use an unused RF chain to make the measurement and the network has configured a corresponding interrupt control pattern on activated CC, the UE shall not make any interruption.

Proposal 9: The target should be to eliminate interruptions due to deactivated SCell measurements with a suitable interruption control pattern, and this should be captured in interruption control requirements in all the various 36.133 section 7.8.2
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