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9.1.2
3GPP™ Work Item Description

Information on Work Items can be found at http://www.3gpp.org/Work-Items 
See also the 3GPP Working Procedures, article 39 and the TSG Working Methods in 3GPP TR 21.900
Title: Enhancements to measurement gaps for NR 
 
Acronym: NR_MG_Enh
Unique identifier: 
 
NOTE:
For new WIs/SIs leave the Unique identifier empty and make a proposal for an Acronym.


For a revised WI/SI: Take Unique identifier and acronym as shown in 3GPP workplan.


If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI.


Please tick (X) the applicable box(es) in the table below:

Either:
	This WID includes a Core part
	X

	This WID includes a Performance part
	X



or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	


Potential target Release: {Rel-17}. 

Note that this field above indicates the proposed Release at the time of submission of the WID to TSG approval. It can later be changed without a need to revise the WID. The updated target Release is indicated in the Work Plan. NOTE: In case of contradiction with the target dates of clause 5, clause 5 determines the target release.
1
Impacts 

	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	X
	

	Don't know
	
	
	
	
	


2
Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a 

	X
	Feature

	
	Building Block

	
	Work Task

	
	Study Item


NOTE:
Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, they are defined as work tasks. If you are in doubt, please contact MCC.
2.2
Parent Work Item 
	Parent Work / Study Items 

	Acronym
	Working Group
	Unique ID
	Title (as in 3GPP Work Plan)

	
	
	
	


NOTE:
RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one 
WID. Therefore the table above should just include the feature WI data (In case the feature covers Core and 
Perf. part, please list under Working Group the leading WG of the Core part).
2.3
Other related Work Items and dependencies
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	 


NOTE:
Also related or dependent WIs/SIs in other TSGs should be indicated.

Dependency on non-3GPP (draft) specification: 
3
Justification

In NR R15, measurement procedure with 24 measurement gap (MG) patterns was introduced. The MG length (MGL) is constrained to the set {1.5, 3.0, 3.5, 4.0, 5.5, 6.0} ms and the MG periodicity (MGRP) is limited to the set {20, 40, 80, 160} ms. Moreover, per-FR MG was introduced to allow a more optimized NW-UE operation in dual connectivity scenarios across FR1 and FR2. In NR R16, no significant enhancement to MG patterns has yet been introduced. 

The following key enhancements to measurement gaps are vital to reduce UE power consumption, increase user throughput and system capacity, reduce NW overhead, increase flexibility of NW scheduling of reference signals used for measurements, and improve UE measurement performance (e.g, measurement delay and/or accuracy).

· Network Controlled Small Gap (NCSG): In LTE R10, gapless measurement was introduced for UEs that could use an idle RF chain to perform measurements (e.g., CA-capable UEs not in CA mode). In LTE R14, NCSG was introduced to address the UE RF architectures that cause interruptions on active RF chains by turning idle RF chains on or off. With the proliferation of UEs supporting multiple CA band combinations, NCSG provides the ability to perform measurements without gaps in scenarios when an idle RF chain exist resulting in lower NW overhead and increased user throughput and system capacity. With flexible NR numerology and smaller RF tuning time in FR2, the interruption windows of NCSG can potentially be even smaller in NR compared to LTE leading to larger measurement period which in turn translates to improved user experience and lower NW overhead. 

· Burst gap pattern: In LTE R14, burst gap pattern for low duty cycle measurements such as monitoring of frequency layers for purpose of offloading (e.g., a frequency layer with small cells) was introduced. The benefits of burst gap pattern carry over to NR for low duty cycle measurements. In addition to monitoring of frequency layers for load management purposes, other low duty cycle measurement in NR include, as examples, positioning tracking where UE’s initial position has already been acquired (either UE-based or UE-assisted) or low duty cycle beam management according to UE’s mobility conditions.

· Multiple concurrent and independent MG patterns: In NR R15/R16, only one MG pattern can be configured per-UE or per-FR (subject to capability). Lack of support for more than one MG pattern per measurement period creates undesired inflexibility in scheduling on the NW side as well as prolonged measurement delay on the UE side. For typical intra-frequency and inter-frequency neighbor cell measurements, NW has to ensure that the SMTC corresponding to all configured measurement objects fall within the same measurement gap. Moreover, UE will have to share the same measurement gap pattern for all measurements resulting in longer measurement delays. Moreover, with additional features and enhancements in NR requiring gap-based measurements, even more measurements will compete for the same measurement gap pattern. Often, the features needing gap-based measurements have different and even contradicting requirements (e.g., low latency positioning requirements necessitating the need for shorter measurement delays vs. legacy measurements for mobility or low duty cycle inter-RAT measurements). Furthermore, the reference signal used by UE for measurements are typically of different nature and periodicity (e.g., CSI-RS, SSB, PRS,…) which makes it difficult for NW to align them in time so they can be shared with the same gap pattern. To address diverse measurement requirements using same or different reference signals, both NW and UE can significantly benefit from multiple (or at least two) independent MG patterns.
· MG with longer length/periodicity: In current R15/R16 specifications, MGL is limited to 6 ms. For NR positioning, arrangements of many DL PRS resources in either FR1 or FR2 with associated slot repetition factors will lead to MGL beyond 6 ms. Given the potential configurations in FR1 and FR2, having a few more MG patterns with MGL > 6 ms will provide enough flexibility for optimal performance and overhead tradeoff. Existing RRM measurements can also benefit from longer MGL by providing more NW flexibility in scheduling SMTC of different measurement objects with different time offsets as opposed to having to align them all in time. Similarly, in current specifications, MGRP is limited to 160 ms. Beyond positioning applications which will necessitate longer MGRP (>160 ms) due to increased MGL to maintain a reasonable overhead, longer MGRP is also vital to enable UE power saving, reduce NW overhead, and improve throughput/capacity and user experience. 

· On-demand UE-initiated MG request: Current R15/R16 specifications do not allow UE to request NW for a suitable MG pattern. The only exceptions are for LTE-RSTD and NR positioning measurements. On-demand UE-initiated MG request has the advantage of configuring a MG pattern that is more optimal for UE; particularly for the scenarios when NW does not sufficient information about the mobility state and measurement needs of UE.

· Pre-configured MG per active BWP: UE’s need for MG-based measurement varies over time depending on its active BWP configuration. Active BWP can be switched via DCI or MAC-CE. However, MG configuration is via RRC signaling and typically with much higher latency compared to DCI or MAC-CE based switching delays which may cause UE to miss one or more occasions of the reference signals (e.g., SMTC, CSI-RS, …). Hence, it is normal for UE to prolong its measurement period when active BWP switches from one configuration that does not need MG-based measurement to another configuration which does. At the time when NW configures UE with multiple BWP configurations and measurement objects, it has all the knowledge to map each BWP with a suitable MG pattern. The set of configured MG patterns and their BWP to MG pattern mapping is signaled to UE via RRC. When UE switches to a new active BWP that necessitates MG-based measurement, it applies the configured MG pattern(s) associated with the new active BWP. When UE switches to a new active BWP that does not require MG-based measurement, it does not use any MG. With this enhanced configuration and signaling, the latency difference between RRC and DCI/MAC-CE configuration is resolved, and measurement period does not need to be prolonged to account for MG setup, and blackout periods of MG are only present when needed. NW signaling overhead is also reduced as gNB does not need to reconfigure MG pattern each time BWP switches.

· Per-CC MG configuration: In LTE R14, per-CC MG configuration was introduced to address the ability of CA-capable UEs not in CA mode that can use spare RF chains for MG-based measurement; similar to NCSG. Currently in NR, it is not possible to configure per-CC MG and all active CCs experience a blackout period. In contrast, it is possible to configure MG for a subset of CCs. The advantages of per-CC MG configuration (i.e., better user experience, improved throughput, increased system capacity) carry over to NR regardless of legacy or new MG patterns (e.g., NCSG, burst gap, …) and is of high value to both NW and UE.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The objectives and scopes of the MG enhancement WI are:

(1) Network Controlled Small Gap (NCSG) specification [RAN4, RAN2]
· RRM requirements for NCSG [RAN4]

· Requirements for Visible Interruption Length (VIL) for different numerologies in FR1 and FR2 

· Specification of NCSG patterns, Measurement Length (ML), and Visible Interruption Repetition Period (VIRP)

· Requirements for DL reception and UL transmission during ML, before start VIL and after end VIL

· Measurement requirements with NCSG

· Specification of applicability of NCSG patterns [RAN4]

· Signaling design for NCSG patterns [RAN2]

(2)  Burst gap patterns specification [RAN4, RAN2]
· RRM requirements for burst gap patterns [RAN4]

· Specification of gap burst length (N), applicable MGRPs, and burst periodicity

· Measurement requirements with burst gap pattern

· Specification of applicability of burst gap patterns [RAN4]

· Signaling design for burst gap patterns [RAN2]

(3) Multiple concurrent and independent MG patterns [RAN4, RAN2]

· RRM requirements for concurrent and independent MG patterns [RAN4]

· Define maximum number of concurrent and independent MG patterns active at any time

· Specification of multiple concurrent MG patterns (MGL, MGRP) and constraints on total NW overhead

· Specification of rules and UE behavior for proximity of MG instances in time, priority, and partial or full overlap of MG instances 

· Specification of applicability of multiple concurrent and independent gap patterns [RAN4]

· Signaling design for simultaneous RRC (re-)configuration of one or more gap patterns [RAN2]

(4) MG patterns with longer MGL and MGRP [RAN4, RAN2]

· Specification of new MG patterns with new MGL and MGRP [RAN4]

· Specification of applicability of new MG patterns [RAN4]

· Signaling design of new MG patterns [RAN2]

(5) On-demand UE-initiated MG request [RAN4, RAN2]

· Specification of rules for UE-initiated MG request, conflict resolution with existing MG configured by NW, UE behavior when requested MG is not granted [RAN4]

·  Signaling design for on-demand UE-initiated MG request for NCSG, burst gap patterns, multiple concurrent independent gap patterns, and new and existing MG patterns [RAN2]

(6) Pre-configured MG pattern(s) per configured BWP [RAN4, RAN2]

· RRM requirements for pre-configured MG pattern(s) per configured BWP [RAN4]

· Define maximum number of MG pattern(s) per configured BWP and maximum number of total MG patterns per UE

· Specification of rules and UE behavior for activation/deactivation of a MG following a DCI or MAC-CE based BWP switch

· Define measurement period requirements with pre-configured MG pattern(s) per configured BWP in the presence of one or more BWP switch per measurement period

· Specification of applicability of pre-configured MG pattern(s) per configured BWP [RAN4]

· Signaling design for pre-configured MG pattern(s) per configured BWP [RAN2]

(7) Per-CC MG configuration [RAN4, RAN2]

· RRM requirements for per-CC MG configuration [RAN4]

· Interruption requirements on CCs configured with MG and CCs not configured with MG

· Measurement requirements for CCs configured with MG

· Specification of applicability of per-CC MG configuration [RAN4]

· Signaling design of per-CC MG configuration and design of capability signaling [RAN2] 
4.2
Objective of Performance part WI
NOTE:
Leave empty if the WI proposal does not contain a RAN performance part.

The objective is to specify the necessary RRM test cases for the MG enhancements to verify the core requirements.
4.3
RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:
For all new RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed, then leave the field empty otherwise enter a number >0 in the field.


For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.


If this WID is covering Core and Performance part, then please fill out one line for each part in the attached Excel table.

additional comments to the time budget request in the attached Excel table:

5
Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	TS/TR number
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	


NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.
	Impacted existing TS/TR

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	38.201
	NR; General description
	RAN#93
	Core part

	38.133
	NR; Requirements for support of radio resource management
	RAN#93
	Core part

	38.306
	NR; User Equipment (UE) radio access capabilities
	RAN#93
	Core part

	38.331
	NR; Radio Resource Control (RRC) protocol specification
	RAN#93
	Core part

	38.133
	NR; Requirements for support of radio resource management
	RAN#95
	Performance part


NOTE:
If this is a RAN WI including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.

6
Work item Rapporteur(s)
TBD
7
Work item leadership

RAN4 (primary)

RAN2 (secondary)
8
Aspects that involve other WGs
NOTE:
For RAN WIs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
9
Supporting Individual Members
	Supporting IM name

	Qualcomm Inc.

	

	

	

	

	


