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[bookmark: _Toc517365966]Introduction
During a measurement gap, a UE stops the transmission and reception in the serving cell and instead performs measurements for searching and measuring a neighboring cell. This paper discusses the potential delay impact on URLLC due to measurement gap and whether certain enhancement is needed.
[bookmark: _Ref178064866][bookmark: _Toc517365967]Discussion
In [1], the impact on URLLC data transmission delay from a measurement gap is discussed. It was concluded that QoS requirement of URLLC service may not be fulfilled due to the additional delay resulted from a measurement gap when URLLC data transmission and measurement gap occurrence collide. In the following, we have discussed multiple aspects and concluded that it is too early to discuss URLLC data transmission enhancement upon measurement gap occurrence.
According to the IE GapConfig in 3GPP TS 38.331, a measurement gap can be configured to one value among 1.5, 3, 3.5, 4, 5.5 and 6 ms and the periodicity of measurement gap occurrence can be configured to one value among 20, 40, 80 and 160 ms:
GapConfig information element
-- ASN1START
--TAG-MEAS-GAP-CONFIG-START

[bookmark: _Hlk505585798]GapConfig ::=					SEQUENCE {
		gapOffset 					INTEGER (0..159),
		mgl 						ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6},
		mgrp 						ENUMERATED {ms20, ms40, ms80, ms160},
[bookmark: _Hlk508484848][bookmark: _Hlk507610347]		mgta						ENUMERATED {ms0, ms0dot25, ms0dot5},
		...
}”

-- TAG-MEAS-GAP-CONFIG-STOP
-- ASN1STOP
During a measurement gap, the UE should stop the data transmission/reception in the serving cell according to Section 5.14 in 3GPP TS 38.321: 

During a measurement gap, the MAC entity shall, on the Serving Cell(s) in the corresponding frequency range of the measurement gap configured by measGapConfig as specified in TS 38.331 [5]:
1>	not perform the transmission of HARQ feedback, SR, and CSI;
1>	not report SRS;
1>	not transmit on UL-SCH except for Msg3 as specified in subclause 5.4.2.2;
1>	if the ra-ResponseWindow or the ra-ContentionResolutionTimer is running:
2>	monitor the PDCCH as specified in subclauses 5.1.4 and 5.1.5.
1>	else:
2>	not monitor the PDCCH.
[bookmark: _Toc516044455][bookmark: _Toc516044468][bookmark: _Toc516045483][bookmark: _Toc516479425][bookmark: _Toc516479982][bookmark: _Toc516578041][bookmark: _Toc517352445][bookmark: _Toc517353197][bookmark: _Toc517353255][bookmark: _Toc517353384][bookmark: _Toc517353885][bookmark: _Toc517353963][bookmark: _Toc517354046][bookmark: _Toc517354100][bookmark: _Toc521581583]During a measurement gap, a UE stops service data transmission and reception in its serving cell.
For data transmission of URLLC service, the delay budget in the radio interface may be from below 1 ms to several milliseconds depending on different URLLC service types. The transmission delay increase due to a measurement gap may be unendurable since the measurement gap length may be comparable to or even longer than the total delay budget for URLLC data transmission. For URLLC services, packet loss may occur upon a measurement gap occurrence.
If a URLLC UE is in a measurement gap, the URLLC UE is not able to monitor data transmission from the serving cell because its RX chain has already been allocated for neighbouring cell measurement. Hence, it seems impossible to ensure quick DL URLLC data transmission when there is new DL data during a measurement gap. In uplink, it could be possible that a URLLC UE is configured to transmit SR during a measurement gap in order to enable quick UL URLLC data transmission given that the gNB monitors the uplink also during measurement gaps.

[bookmark: _Toc517353198][bookmark: _Toc517353256][bookmark: _Toc517353385][bookmark: _Toc517353886][bookmark: _Toc517353964][bookmark: _Toc517354047][bookmark: _Toc517354101][bookmark: _Toc521581584][bookmark: _Toc517352446]There seems no way to enhance the downlink URLLC data transmission during a measurement gap because the UE does not monitor PDCCH in its serving cell.
[bookmark: _Toc517353199][bookmark: _Toc517353257][bookmark: _Toc517353386][bookmark: _Toc517353887][bookmark: _Toc517353965][bookmark: _Toc517354048][bookmark: _Toc517354102][bookmark: _Toc521581585]During a measurement gap, uplink URLLC data transmission could be enhanced by allowing a UE to trigger UL data transmission at the cost of measurement interruption.
For the time being, both the mobility and the RF design for a URLLC UE have not been sufficiently discussed in RAN1, RAN2 and RAN4. The specific requirements in relation to mobility measurement and the receiver design of URLLC service are not clear yet. 

[bookmark: _Toc517352448][bookmark: _Toc517353201][bookmark: _Toc517353259][bookmark: _Toc517353388][bookmark: _Toc517353889][bookmark: _Toc517353967][bookmark: _Toc517354050][bookmark: _Toc517354104][bookmark: _Toc521581586]It is too early to discuss the data transmission enhancements before the Receiver and mobility design for URLLC UE have been sufficiently discussed.

[bookmark: _Toc521397779]Considering the QoS requirement (Ultra-low latency & Ultra-low packet loss rate) of URLLC service, data reliability guarantee via RLC retransmission is not applicable due to the large delay of RLC retransmission. The reliability of a URLLC data packet transmission in air interface relies on the scheduler and HARQ procedure.  Measurement gap, if configured, may block the scheduling action and/or break the HARQ procedure, which may result in residual HARQ transmission failure of a URLLC data packet. If a URLLC UE is equipped with dual RX RF chains, the URLLC can use one RX RF chain for data reception and the other RX RF chain for measurement in a meanwhile. This means that measurement gap is not necessary for a URLLC UE, i.e. the URLLC UE can perform gapless measurement with dual RX RF chains.
[bookmark: _Toc521398170][bookmark: _Toc521581521]URLLC UEs shall support gapless measurements (i.e. have 2 RX chains).
Based on the above observations, we can conclude that we shall not investigate enhancement for URLLC data transmission/reception upon gap occurrence in Rel-15 time frame considering the tight time budget. Hence, we make the following proposal:
[bookmark: _Toc521581522]URLLC data transmission enhancement upon measurement gap occurrence is not considered in Rel-15.
[bookmark: _Toc516582804]Meanwhile, we have noticed that there could be certain benefits to enhance the data transmission/reception with respect to measurement gap. From RAN#80, there are three relevant approved study items, comprising physical layer enhancement of URLLC [2], SI on industry IoT [3] and SI on Mobility enhancement[4]. The data transmission enhancement in relation to measurement gap occurrence well matches the scope of these study items. 
[bookmark: _GoBack]
[bookmark: _Toc521581587]Data transmission enhancement with respect to measurement gap may be studied in the Rel-16 study item of URLLC enhancements.
[bookmark: _Toc517365968]Conclusion
In section 2 we made the following observations:
Observation 1	During a measurement gap, a UE stops service data transmission and reception in its serving cell.
Observation 2	There seems no way to enhance the downlink URLLC data transmission during a measurement gap because the UE does not monitor PDCCH in its serving cell.
Observation 3	During a measurement gap, uplink URLLC data transmission could be enhanced by allowing a UE to trigger UL data transmission at the cost of measurement interruption.
Observation 4	Receiver and mobility design for URLLC UE have not been sufficiently discussed yet.
Observation 5	Data transmission enhancement with respect to measurement gap may be studied in the Rel-16 study item of URLLC enhancements.

Based on the discussion in section 2 we propose the following:
Proposal 1	URLLC UEs shall support gapless measurements (i.e. have 2 RX chains).
Proposal 2	URLLC data transmission enhancement upon measurement gap occurrence is not considered in Rel-15.
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