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1 Introduction
RAN plenary RAN#67 approved the SI on ‘Measurement gap enhancement’ in [1]. The objectives of the SI are to study the feasibility of measurement gap enhancements for the inter-frequency and inter-RAT cell identification and measurement, and the possible network controlled PCell/SCell interruption due to single chip RF-IC implementation.
In this paper, we will look at the system level aspect of introducing enhancements to the existing measurement gaps.
  
2 Discussion
When discussing enhancements to the existing measurements gaps such enhancements would need to be evaluated against a baseline performance. The SI [1] lists a number of evaluation steps to consider:
· UE performance aspects such as measurement accuracy, delay, UE power consumption, UE implementation complexity etc. 
· System performance aspects such as impact on scheduling, system throughput, signaling complexity etc. s
· UE architectural aspects such as single RF-IC implementation (wherever applicable).
While such evaluation criteria make sense, it seems logical and necessary such an evaluation would also compare the performance to that of the current measurement gaps. That is, it should be evaluated how a proposed measurement gap enhancement performs, under the same conditions, when compared against the performance that can be achieved with one of the current measurement gap patterns?
Proposal 1: The performance of any new measurement gap enhancement proposals should be evaluated against the performance achievable using existing gap patterns, under the same conditions.
1 
2 
Current Gap patterns
Current gap design leaves only two options as stated in 36.133.
	Gap Pattern Id
	MeasurementGap 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



As seen, the MGL is always 6ms and the only parameter changing between the the GPs is the repetition period of the measurement gap. Each GP then leaves a minimum time per 480ms available for the UE to perform the necessary measurements. 
The measurement time (Tinter1) available for the UE is used for deriving the UE cell detection and measurement performance requirements, and impacts both intra-frequency and inter-frequency/RAT performance requirements.
It is worth pointing out that one basic of the design decisions made in Rel-8, when discussing the current measurement gaps and UE performance, was that the actual use of the available measurements gaps is left up to UE implementation. I.e. the UE implementation decides how exactly to balance the measurements on configured carriers with the available measurement gaps, in order to ensure that the required minimum performance requiements for the configured carriers are fulfilled.
System Aspects
When discussing introduction of new measurement gap enhancements it is important to consider impact on both UE and network side. One important design parameter when designing the current gap pattern was simplicity: At the time when the basic design principles of E-UTRAN measurement gaps were discussed, the UTRAN gap patterns (or more precisely, compressed mode patterns) were the starting point. At that time, it was seen unnecessary to introduce a similar amount of complexity in E-UTRAN in terms of GPs, due to the fact that in UTRAN only a few compressed mode patterns were ever used in practice in the field – hence the specification was adding unnecessary complexity to UE implementation, not to mention to the amount of required testing. We find it important still to keep in mind the simplicity in terms of keeping the amount of GPs relatively low.
Observation 1: Keeping the amount of different GPs low helps keeping the overall measurement gap complexity low.
Therefore RAN4 should first discuss if new enhancements are needed for the already identified challenging use cases [2].
UE Impact
UE complexity increases with the amount of measurement gap patterns that the UE needs to support. 
UE power savings is one of the aspects that have been discussed as valid reason for introducing new GPs, and we also find this aspect important.
New possible gap enhancements would need to be justified by showing performance improvements compared to the performance of the baseline – i.e. what is achievable using existing GP options.
Additionally RAN4 should consider whether possible enhancements are targeted for all UEs or only a specific type of UEs? For example, potential solutions for handling interrupts might only be applicable for UEs causing interrupts, or could be applicable for all UEs in case the gains from the mechanisms are clear. Such consideration needs to be done for all evaluated solution proposals.
Network Impact
Support of additional measurement gap patterns on network will also increase network complexity: The difference to UE complexity is that network can chose whether it supports a new option and when it supports a newly defined GP, but also that the network has to eventually support all UEs with different capabilities. 
From network point of view introduction of a new GP would need to be evaluated also against possible eNB implementation impact like e.g. scheduler implementation solutions. 
Additionally for network and system level impact it worth noting that a gap is in DL but there is also impact to UL in terms of missing UL scheduling possibilities, and already now the measurement gap is longer in UL than it is in DL. 
Based on the discussion in this section we propose:
Proposal 2: New measurement gap enhancement should only be introduced if evaluation shows gain, if there is gain compared to what is achievable using existing GPs and it there no negative impact.
In order to evaluate newly proposed measurement gap enhancement against existing baseline, as well as against each other, we propose to define a tabular format collecting the proposals and evaluating them against an agreed set of metrics.
Above we have listed a few of such possible metrics and likely RAN4 needs to discuss further which evaluation criteria or steps that should be used. In the following we have made one example illustrating our thinking behind an evaluation table:
	Criterion
	Description

	Measurement accuracy
	RAN4 need to discuss if same accuracy as now is the goal or if different accuracy can be acceptable

	UE power consumption
	RAN4 needs to define the baseline for evaluating the power consumption

	UE implementation complexity
	RAN4 needs to discuss how to define description

	eNB scheduler impact
	Impact on eNB scheduler should be minimized and compared to what is achievable when using currently existing GPs

	System throughput
	Impact on system TP should be minimized and compared to what is achievable when using currently existing GPs

	Signalling overhead
	Should be minimized

	UE architecture
	RAN4 needs to to discuss how to define description

	Standard effort
	Should be minimized


[bookmark: _Ref416443562]Table 1. Possible Evaluation Criteria for the Measurement Gap Enhancement Proposals
Proposal 3: RAN4 should adapt the table format shown in Table 1 for capturing the evaluation results of measurement gap enhancement proposals.
In next section we list one solution proposal proposed also earlier in RAN4 as a solution for handling PCell interrupts [3 - 5]. Additionally we have illustrated how evaluation table could be used.
3 Solution candidate for handling interrupts
In earlier RAN4 meetings when discussing PCell interrupts in connection with CA, solution candidates have been discussed [3 - 5]. The basic principle of the solutions was to define well defined occasions where the UE would tune or re-tune a receiver causing interrupts. Basically having a similar approach as we have now with measurements gaps except the actual gap length would be short – e.g. 1ms. Such short gap would then be repeated in some manner. This basic principle is illustrated in figure 1.
[image: ]
Figure 1 Illustration of the basic behind short gap for handling interrupts.
Such a pattern could then of course then be repeated with some given interval in a similar way as we know from MGRP, as illustrated in figure 2.
[image: ]
Figure 2 Illustration of small gap repetition
Such an on/off pattern for (re-)tuning would enable UE to turn on and off its receiver chain without causing packets drops – as one example. The solution would enable UE power savings e.g. when measuring deactivated SCells without impacting the network in terms of packet drops.
	3.1 Criteria
	3.2 Description

	Measurement accuracy
	Measurement accuracy could be same as current provided the interrupt gaps are distributed such that UE measurement time (Tinter1) is the unchanged.

	UE power consumption
	This will enable UE to turn on and off an un-used receiver chain often enough to enable Ue power savings while keeping measurement accuracy and not causing packet drops.

	UE implementation complexity
	Depends on alignment with current GPs – the more it is aligned with existing patterns, the less impact is expected.

	eNB scheduler impact
	This solution will remove packet drops caused by UE turning on/off a receiver chain. Scheduler impact depends on the alignment with current GPs.

	System throughput
	This solution will remove the current packet drops allowed in current specifications.

	Signalling overhead
	Low - but depends on alignment with current GPs.

	UE architecture
	This solution takes into account UE architectures in terms of enabling tuning occasions for UE architecture otherwise causing interrupts.

	Standard effort
	Depends on alignment with current GP1.



Proposal 4: Capture above solution as one candidate solution in the measurement gap enhancement TR.
4 Conclusions 
RAN plenary RAN#67 approved the SI on ‘Measurement gap enhancement’ in [1]. In this paper, we have looked at some system level aspect when discussing of introduction of enhancements to the existing measurement gaps. We have observed the following:
Observation 1: Keeping the amount of different GPs low helps keeping the overall measurement gap complexity low.
Based on the discussion we propose following:
Proposal 1: The performance of any new measurement gap enhancement proposals should be evaluated against the performance achievable using existing gap patterns, under the same conditions.
Proposal 2: New measurement gap enhancement should only be introduced if evaluation shows gain, if there is gain compared to what is achievable using existing GPs and it there no negative impact.
Proposal 3: RAN4 should adapt the table format shown in Table 1 for capturing the evaluation results of measurement gap enhancement proposals.
Proposal 4: Capture above solution as one candidate solution in the measurement gap enhancement TR.
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