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Introduction
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 [1]. 
In this contribution, we discuss a few MG enhancements that bring forth several benefits including lower UE power consumption, lower NW overhead, higher throughput/capacity and user experience, improved measurement performance (e.g., shorter measurement delay), and increased flexibility in performing MG-based measurements.
Proposals for MG enhancements
 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 [3]. 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 throughput/capacity. The structure of NCSG is illustrated in Figure 1 wherein UE is expected to take interruption only during visible interruption length (VIL) period before and after the measurement length (ML). The VIL is to accommodate the RF tuning time (<500us in LTE) resulting in smaller interruption length compared to normal MG. In LTE, the actual DL pattern became 1+4+1 (VIL = 1 ms, ML = 4 ms) where UE can still be scheduled during ML. The UL pattern was 1+4+2 (second VIL of 2 ms). This pattern repeats every visible interruption repetition period (VIRP) which can be the same as normal MGRP. 


Figure 1 NCSG structure with ML surrounded by VIL repeating every VIRP
With flexible NR numerology and smaller RF tuning time in FR2, the VIL can potentially be even smaller in NR compared to LTE leading to larger ML which in turn translates to improved user experience and lower NW overhead. 
Scope 1: Introduce NCSG for NR to reduce the interruption length during measurements compared to R15 MG.
 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. Figure 2 illustrates the burst gap pattern structure where a burst of N legacy MG is repeated every burst period. In LTE, legacy MGRP of 40 ms with burst periodicity from the set of {1.28, 2.56, 5.12, 10.24} seconds were specified to enable low duty cycle nature of the burst gap pattern. N = 12 was adopted assuming inter-frequency measurement delay of 480 ms [4].


Figure 2 Burst gap pattern structure
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.
The number of bursts, N, and the possible MGRP and burst periodicities need to be revisited in NR given the wider range of applications and existing MG patterns.
Scope 2. Introduce burst gap pattern for NR to improve measurement performance, reduce NW overhead, and increase throughput in low duty cycle measurements.
 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. This issue was also discussed in [5].
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). This issue was also discussed in [6]. 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. The configuration of such MG patterns can be constrained to limit the NW overhead to below a certain threshold and minimize the impact on the communication link. Rules and UE behavior for potential proximity of MG instances in time and priority in scenarios when MG instances partially or fully overlap need to be studied and specified.  
Scope 3. Introduce multiple concurrent and independent MG patterns for NR to address diverse measurement requirements using same or different reference signals.  
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. As outlined in Section 2.3, each BWP may even be mapped to more than one 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. Figure 3 illustrates an example with two configured BWP wherein BWP ID#0 requires MG pattern ID#X and BWP ID#1 does not require any MG. Dynamic and fast BWP switching between the two configurations can occur without impacting MG-based measurement as the MG pattern necessary for BWP ID#0 is preconfigured and does not have to be set up/torn down or, even worse, be present at all times regardless of active BWP.
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.
Scope 4. Introduce pre-configured MG pattern(s) per configured BWP to eliminate the MG (re-)configuration delay and overhead of RRC signaling.  



Figure 3 Pre-configured MG patterns per BWP
Scope of MG enhancements WI
The scopes of the MG enhancement WI are proposed as below,
(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) 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]
Conclusions
In this paper, the following proposals for MG enhancements for a R17 WI were discussed and the preliminary scopes involving RAN4 and RAN2 were outlined:
Scope 1: Introduce NCSG for NR to reduce the interruption length during measurements compared to R15 MG.
Scope 2. Introduce burst gap pattern for NR to improve measurement performance, reduce NW overhead, and increase throughput in low duty cycle measurements.
Scope 3. Introduce multiple concurrent and independent MG patterns for NR to address diverse measurement requirements using same or different reference signals.
Scope 4. Introduce pre-configured MG pattern(s) per configured BWP to eliminate the MG (re-)configuration delay and overhead of RRC signaling.  
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