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Introduction

UE in connected mode is required to monitor Paging occasion at least once per defaultPagingCycle if the UE supports ETWS/ CMAS. UE in connected mode can be configured with measurement gaps. Since the values of Paging period and Measurement gap period can be configured independently, there are some cases of continuous collision between Paging occasion and measurement gap. The collision also depends on the measurement gap offset configured to the UE.

This continuous collision is not problem if Paging occasions are frequently configured in the cell as UE is allowed to monitor any Paging occasions. However, if Paging occasions are infrequently configured e.g. in small cell, all of the Paging occasions might collide with Measurement gap. In this document, we analysed the above continuous collision between Paging and Measurement gap. We propose to have some constraint to the EUTRAN. We also discuss continuous collision between SI and measurement gap
1 Discussion
Continuous collision between paging and measurement gap

Paging occasion is allocated per cell periodically. Since periodicity of Paging occasions can be multiples of measurement gap period, there are cases that all of the Paging occasions collide with measurement gap. Paging occasion period and Measurement gap period have following value ranges:

Paging occasion period: 

less than 10ms, 10ms, 20ms, 40ms,…, 320ms
Measurement gap period: 
40ms or 80ms
We separate the discussion on two following cases.
1) Paging occasion period < Measurement gap period
2) Paging occasion period >= Measurement gap period
1) Paging occasion period < Measurement gap period
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Figure 1 Continuous collision between Paging occasions and measurement gaps
(Paging period < gap period)

In this case, some Paging occasions still do not collide with Measurement gap. Since UE can monitor any Paging occasions, if the UE carefully chooses Paging occasion, it is possible to monitor Paging occasion while fully utilising measurement gap.

As discussed and confirmed in [3], the UE should be able to monitor one of the Paging occasions even if measurement gap is configured. This should be TRUE unless all of Paging occasions collides with measurement gap.
Proposal 1: To confirm that the UE supporting ETWS/ CMAS should be able to monitor at least one of Paging occasions in defaultPagingCycle unless all of Paging occasions in the cell collide with measurement gaps.
2) Paging occasion period >= Measurement gap period
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Figure 2 Continuous collision between Paging occasions and measurement gaps
(Paging period >= gap period)
In a small cell where frequent Paging occasions is not required, Paging occasions might be allocated infrequently in the cell. If Paging occasion period is equal to or longer than the Measurement gap period, there are cases that all of the Paging occasions collide with measurement gap depending on the measurement gap offset.

Conclusion 1: If Paging occasion period is equal to or longer than measurement gap period, all of Paging occasions can collide with measurement gap depending on the measurement gap offset.
MAC specification does not describe UE behaviour on paging monitoring during measurement gap. RRC specification describes how often the UE in connected mode shall monitor Paging for SIB modification and/ or ETWS/ CMAS-indication. Therefore, the priority between paging monitoring and measurement gap is not specified. According to RAN4 specification, performance requirements are defined under the condition where all of measurement gaps are used for inter-frequency and/or inter-RAT measurement (see Annex below). Therefore, our understanding is UE is not required to support to receive paging by not using measurement gap.
E-UTRAN have following options to avoid the situation where all of the Paging occasions collide with Measurement gap. Therefore, we propose to confirm it is E-UTRAN responsibility to avoid continuous collision between measurement gap and paging occasion if ETWS/CMAS is deployed.
· Paging occasion is more frequent than Measurement gap

· Measurement gap offset is carefully adjusted

Proposal 2: EUTRAN has the responsibility to avoid all of the Paging occasions collide with measurement gap if ETWS/ CMAS is operated. Otherwise the UE behaviour is not specified.
Proposal 3: To capture following statement in clause 5.2.1.4 of RRC specification
NOTE:
E-UTRAN should avoid the configuration that all of the Paging occasions collide with measurement gap 
Continuous collision between SI and measurement gap
The similar discussion is applied for SIBn (n>=2) reception and measurement gap. SI-window period is multiples of measurement gap period i.e. 80,160,…,5120ms, and SI-window length can be less than gap length i.e. 1,2,5ms. RRC specification just describes the window the UE shall monitor for a certain SI reception. So there are cases where a certain SI-window always collides with Measurement gap.
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Figure 3 Continuous collision between SI-windows and Measurement gaps
Our understanding is similar to above continuous collision between Paging occasions and measurement gap, it is E-UTRAN responsibility to avoid that a certain SI-window always collide with measurement gap. In addition, if some part of SI-window collides with measurement gap, to have sufficient protection like more retransmission of SI and/or lower coding rate usage of SI are E-UTRAN responsibility. We thought this part is more common understanding. Therefore, we don't propose to capture note in the specification.
Proposal 4: EUTRAN has the responsibility to avoid that all part of a certain SI-window always collides  with measurement gap, and to have sufficient protection when some part of SI-window collides with measurement gap.
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Annex: RAN4 performance requirement
Minimum available time for inter-frequency and inter-RAT measurements during 480ms period is defined 60ms and 30ms below in TS36.133. 
Measurement gap length is 6ms. Within 480ms, there are 480/40=12 gaps in gap pattern 0 and 480/80 = 6 gaps in gap pattern 1. So logically time available within 480ms is 6ms * 12 gaps = 72ms and 6ms * 6 gaps = 36ms in respective gap pattern. These values are longer than “minimum available time for inter-frequency and inter-RAT measurements” defined in the table below as 60ms and 30ms in respective gap pattern. So one may argue that RAN4 performance requirement is defined under the condition that one or two of measurement gaps within 480ms can be used e.g. for Paging monitoring. 
However, our understanding is that this difference is coming from to model RF switching. The gap length is 6 ms but actual inter-freq/RAT measurement period is 5ms in each gap because of RF switching time. Within 480ms, 5ms * 12gaps = 60ms and 5ms * 6gaps = 30ms in respective gap pattern are available for measurements. Therefore, our understanding is “RAN4 measurement performance is defined under the condition that the UE fully uses all of the configured measurement gap”.
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Figure 4 time available for measurements
Table 8.1.2.1-1 of TS 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
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