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1 Introduction
In the Berlin meetings, RAN2 has decided to wait RAN4 input on measurement gap design.

RAN2 #99 
· We will wait for RAN4 to provide us with information before we progress with measurement gaps

RAN4 has made some agreement on measurement gap design and an LS is sent to RAN2 [1]. In this paper, we are going to discuss the measurement gap configuration in NR SA.

2 Discussion
In LTE, measurement gap pattern is identified by MGRP (Measurement Gap Repetition Period) and MGL (Measurement Gap Length). In NR, based on the LS from RAN4 [1] and the WF agreements [2], we will still use MGRP and MGL in the measurement gap design.

RAN4 has the following statements on the measurement gap pattern design [1]:  
· RAN4 considers that measurement gap repetition periods (MGRP) of 20ms, 40ms, 80ms and 160ms should be specified configured by LTE RRC signaling specified in 36.331 and also configured by NR RRC specified in 38.331 
· RAN4 considers that there will be 6 options for measurement gap length (MGL) for NR
· In total, there are therefore 6 potential MGL options x 4 MGRP options=24 gap pattern IDs for NR. 4 of these options are expected to correspond to the already existing LTE gap pattern IDs 0, 1, 2 and 3. Existing LTE Gap patterns nonUniform1, nonUniform2, nonUniform3, nonUniform4 and NCSG pattern IDs 0,1,2, and 3 are not used for NR target cell measurements in Rel-15.
· RAN4 may still discuss, and if agreed, define in 38.133 that only a subset of the 24 gap pattern IDs are applicable for measurements in certain scenarios which would be identified and defined by RAN4.
· Measurement Gap offset should be configurable with granularity based on the maximum slot length of all the UE serving cells which have configured the gap. 

Furthermore, RAN4 has the following agreements in WF regarding to MGL design [2]: 
· For UE supports single and per UE gap, three MGL are introduced, 6ms, [4]ms and 3ms
· For UE support independent gap for FR1/2, the following MGL are introduced
· FR1 measurement objects: 6ms, [4]ms and 3ms
· FR2 measurement objects: 
· With FR1/LTE serving cell only: 6ms, [4]ms and 3ms
· With FR2 serving cell: 
· If identical gap is configured for both FR1 and FR2: 6ms, [4]ms, 3ms, 
· If independent gap is configured for FR1 and FR2:[1+x] ms, [2.25+x] ms, [5+x]ms
	
The serving cells are divided into the following two group. 
· Frequency range 1 (FR1) : 450MHz -- 6000MHz (sub-6GHz)
· Frequency range 2 (FR2) : 24250MHz -- 52600MHz (mmWave)

Note that the definition of FR1 and FR2 could be also found in RAN4 email-approved TP [3]. NR cells could belong to FR1 or FR2. Based on the information from RAN4, UE could be configured with two independent gap for FR1 and FR2 serving cells. NW should configure independent gap only if UE capability is able to support it and the UE is configured with both FR1 and FR2 serving cell(s). In signalling design, it is therefore that NR RRC should have two measurement gap configuration IE and the one for FR2 (independent gap) should be optional.

Proposal 1: Introduce 2 measurement gap configuration IE in NR RRC Signaling. One mandatory IE for identical gap configuration. Another optional IE for independent gap configuration.

For the UE only supports single gap (identical gap), the possible MGRP value is {20ms, 40ms, 80ms, 160ms} while the possible MGL is {6ms, [4]ms, 3ms}. It results in 12 gap pattern for the FR1 serving cell(s) or for identical gap configuration. For the UE supports independent gap, the additional gap pattern for FR2 could use the MGRP value {20ms, 40ms, 80ms, 160ms} and MGL value {[1+x] ms, [2.25+x] ms, [5+x] ms}. It also results in 12 gap pattern for FR2 serving cell(s) and the total number of gap patterns (FR1 + FR2) will be 24. Note that the exact value for some of the MGL is still under discussion by RAN4.

Compare to the legacy LTE measurement gap design, the number of MGRP or MGL options increases. To simplify the description in RRC SPEC, we think that only measurement gap pattern id should be mentioned in RRC SEPC and the exact MGRP or MGL value is defined in 38.133. We think this is a better approach since the measurement gap is mainly designed by RAN4 and RAN2 should only handle the signalling part of the design.

Proposal 2: In each measurement gap configuration, specify a gap pattern Id according to 38.133. The MGL and MRGP value are defined in 38.133.

RAN4 decided that gap offset should be configurable with granularity based on the maximum slot length of all the UE serving cells which have configured the gap [1]. So RAN2 could not use 1ms unit as in the legacy LTE gap offset value signalling. Furthermore, it will be too complicate in ASN.1 design if we still try to specify different offset range for different gap pattern. We propose to signal single gap offset value with unit of 0.125ms for each measurement gap configuration. The value 0.125ms is the smallest NR slot length. The range of this gap offset should be calculated according to large MRRP value (160ms). NW should insure that the offset value is not larger than MRGP and it is also in unit of the maximum slot length of all the UE serving cells that use this gap.

Proposal 3: In each measurement gap configuration, specify a gap offset value with granularity of 0.125ms. NW insures that the offset value is not larger than MRGP and the granularity is based on the maximum slot length of all the serving cells that use this gap.

A TP on 38.331 based on above proposals is provided in Annex. We think that RAN2 could take this TP as a baseline for measurement gap procedure text and ASN.1 discussion.

Proposal 4: RAN2 adopts the TP in the Annex for 38.331 measurement gap configuration.

3 Conclusions	
Base on the discussion in section 2, we propose the following: 

Proposal 1: Introduce 2 measurement gap configuration IE in NR RRC Signaling. One mandatory IE for identical gap configuration. Another optional IE for independent gap configuration.

Proposal 2: In each measurement gap configuration, specify a gap pattern Id according to 38.133. The MGL and MRGP value are defined in 38.133.

Proposal 3: In each measurement gap configuration, specify a gap offset value with granularity of 0.125ms. NW insures that the offset value is not larger than MRGP and the granularity is based on the maximum slot length of all the serving cells that use this gap.

Proposal 4: RAN2 adopts the TP in the Annex for 38.331 measurement gap configuration.
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Annex: TP for 38.331
[bookmark: _Toc493510539][bookmark: _Toc494149751]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
ACK	Acknowledgement
AM	Acknowledged Mode
ARQ	Automatic Repeat Request
AS	Access Stratum
ASN.1	Abstract Syntax Notation One
BLER	Block Error Rate
CCCH	Common Control Channel
CMAS	Commercial Mobile Alert Service
CP	Control Plane
C-RNTI	Cell RNTI
DCCH	Dedicated Control Channel
DL	Downlink
DRB	(user) Data Radio Bearer
DRX	Discontinuous Reception
EHPLMN	Equivalent Home Public Land Mobile Network
EPC	Evolved Packet Core
EPS	Evolved Packet System
ETWS	Earthquake and Tsunami Warning System
E-UTRA	Evolved Universal Terrestrial Radio Access
E-UTRAN	Evolved Universal Terrestrial Radio Access Network
FDD	Frequency Division Duplex
FR1	Frequency Range 1
FR2	Frequency Range 2
FFS	For Further Study
GERAN	GSM/EDGE Radio Access Network
GNSS	Global Navigation Satellite System
GSM	Global System for Mobile Communications
HARQ	Hybrid Automatic Repeat Request
IE	Information element
IMEI	International Mobile Equipment Identity
IMSI	International Mobile Subscriber Identity
kB	Kilobyte (1000 bytes)
L1	Layer 1
L2	Layer 2
L3	Layer 3
MAC	Medium Access Control
MCG	Master Cell Group
MIB	Master Information Block
N/A	Not Applicable
PCell	Primary Cell
PDCP	Packet Data Convergence Protocol
PDU	Protocol Data Unit
PLMN	Public Land Mobile Network
PTAG	Primary Timing Advance Group
QoS	Quality of Service
RAN	Radio Access Network
RAT	Radio Access Technology
RLC	Radio Link Control
RNTI	Radio Network Temporary Identifier
ROHC	RObust Header Compression
RPLMN	Registered Public Land Mobile Network
RRC	Radio Resource Control
SCell	Secondary Cell
SCG	Secondary Cell Group
SI	System Information
SIB	System Information Block
SRB	Signalling Radio Bearer
STAG	Secondary Timing Advance Group
S-TMSI	SAE Temporary Mobile Station Identifier
TM	Transparent Mode
UE	User Equipment
UICC	Universal Integrated Circuit Card
UL	Uplink
UM	Unacknowledged Mode
UP	User Plane
UTC	Coordinated Universal Time
UTRAN	Universal Terrestrial Radio Access Network
In the ASN.1, lower case may be used for some (parts) of the above abbreviations e.g. c-RNTI.



5.5.2.9	Measurement gap configuration
The UE shall:
1>	if GapConfig2 is present and UE supports independent gap:
2>	if GapConfig1 is set to setup: 
3>	if a measurement gap configuration GapConfig1 is already setup, release the measurement gap configuration;
3>	for the serving cell(s) belong to FR1 according to the definition in 38.104[?], setup the measurement gap configuration indicated by the gapPattern and gapOffset in GapConfig1.
Editor Note: FFS how to specify the slot that a gap occurs using gapOffset, gapPattern, and SFN
2>	else: 
3>	release the measurement gap configuration GapConfig1;
2>	if GapConfig2 is set to setup: 
3>	if a measurement gap configuration GapConfig2 is already setup, release the measurement gap configuration;
3>	for the serving cell(s) belong to FR2 according to the definition in 38.104[?], setup the measurement gap configuration for FR2 serving cell(s) indicated by the gapPattern and gapOffset in GapConfig2.
Editor Note: FFS how to specify the slot that a gap occurs using gapOffset, gapPattern, and SFN
2>	else: 
3>	release the measurement gap configuration GapConfig2;
1>	else:
2>	if GapConfig1 is set to setup: 
3>	if a measurement gap configuration GapConfig1 or GapConfig2 is already setup, release the measurement gap configuration;
3>	for all serving cell(s), setup the measurement gap configuration indicated by the gapPattern and gapOffset in GapConfig1.
Editor Note: FFS how to specify the slot that a gap occurs using gapOffset, gapPattern, and SFN
2>	else: 
3>	release the measurement gap configuration GapConfig1 or GapConfig2;


MeasGapConfig
The IE MeasGapConfig specifies the measurement gap configuration.
MeasGapConfig information element
-- ASN1START

MeasGapConfig ::=	SEQUENCE	{
	GapConfig1			COHICE	{	
		release		NULL,
		setup		SEQUENCE { 
			gapPattern	ENUMERATED {gp0, gp1, gp2, gp3, gp4, gp5, gp6, gp7, gp8, gp9, gp10, gp11}
			gapOffset	INTEGER (0..1279)
			...,
		}
	}
	
	GapConfig2			COHICE	{	
		release		NULL,
		setup		SEQUENCE { 
			gapPattern	ENUMERATED {gp12, gp13, gp14, gp15, gp16, gp17, gp18, gp19, gp20, gp21, gp22, gp23}
			gapOffset	INTEGER (0..1279)
			...,
			}
		}
	}					OPTIONAL		-- Need R
}

-- ASN1STOP

	MeasGapConfig field descriptions

	GapConfig1
The measurement gap configuration for all serving cell(s) if GapConfig2 is not present. If GapConfig2 is present, UE applies this measurement gap configuration for the serving cells that belongs to FR1 according to the definition in 38.104[?]. 

	GapConfig2
If presents, UE applies this measurement gap configuration (including no measurement gap) for the serving cells that belongs to FR2 according to the definition in 38.104[?].

	gapPattern
Value gp0 corresponds to the Gap Pattern Id “0” defined in 38.133[X], Value gp0 corresponds to the Gap Pattern Id “1” defined in 38.133[X], and so on. The corresponding MGRP and MGL value for a gap pattern Id is also defined in 38.133 [X].

	gapOffset
The measurement gap offset value in unit of 0.125ms. Network insure that the offset value is not larger than MRGP value of corresponding gapPattern and the granularity is based on the maximum slot length of all the serving cells that use this gap.




