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1. Introduction
At RAN 89 meeting one WI related to measurement gap enhancement was agreed at [1], three topics among a pack of possible enhancement areas related to gap enhancement had been picked up for that WI. RAN4 has carried out the investigation on NCSG for a few consecutive meetings. In this contribution, we provide our further considerations on several aspects for Network Controlled Small Gap (NCSG).
2. Discussion
The objective of network controlled small gap study is copied 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]

· Procedures and signaling for NCSG patterns [RAN2]

Agreements of RAN4 99 meeting are copied below:

· Scenarios and user case

· In principle, NCSG can be used for intra-frequency measurements with MG, inter-frequency measurements with MG, inter-RAT measurements.
· FFS on whether NW should configure the legacy MG rather than NCSG even UE can support both of them. 
· Measuring deactivated SCC shall be studied as one scenario for NCSG usage as we agreed unless critical issues were identified. 
· NCSE patterns
· Define NCSG patterns for subset of the legacy MG patterns in [TS38.133 v16.5.0].
· FFS on which subset of legacy MG patterns 
· Impacts on RRM requirements
· The existing measurement mode requirements (effective MGRP, data scheduling depends on gap configuration) can be the baseline
· CCSF
· Only one layer can be measured for each NCSG occasion, which is the assumption for deriving CSSF
Based on former agreements, we provide our further considerations on the following aspects: 
Regarding NCSG pattern
It is already agreed that Define NCSG patterns for subset of the legacy MG patterns in [TS38.133 v16.5.0]. Regarding on how to determine the subset, since one of intentions of NCSG is to improve throughput or reduce latency if ML part can be used for transmission/reception. When the length of ML is small or when the ratio of VIRP/ML is large, it is hard to realize aforementioned design purpose. Hence a suitable pattern should be relative long ML where ML = MGL-VIL1-VIL2 or the ratio ML/(VIL1 + VIL2) is larger than a threshold.
Proposal 1: For the patterns to be include in the subset, either it has a ML longer than a threshold where ML= MGL-VIL1-VIL2 or the ratio ML/(VIL1 + VIL2) is larger than a threshold.  

Another dimension to be considered is the UE power consumption, in LTE, an idle RF chain is turning on/off for measurement purpose and NCSG was introduced to handle interruption on the serving cell. In LTE UE power consumption maybe not an issue since the VIRP could be long enough for a RF chain to go back to deep sleep mode after a measurement. However in NR measurement gaps with even shorter MGRP (20ms MGRP and assuming VIRP= MGRP) are introduced hence whether that idle RF chain can go back to deep sleep mode between two consecutive measurement activities is not guaranteed. We do not think the potential benefit of using NCSG under this scenario justifies the power consumption if that idle RF chain is almost always kept active for measurement purpose. Hence we have the following proposal:
Proposal 2: For the patterns to be include in the subset, from UE power consumption point of view, it is suggested that NCSG for legacy NR measurement gap with MGRP = 20ms should not be defined. 

Regarding VIL definition
How to determine the length of VIL1, VIL2 has been discussed for a few meetings. The following two options are available from RAN4 99:

· Option 1a: VIL should be explicitly defined based on the number of interrupted durations in absolute time 
· Option 1b: VIL should be explicitly defined based on the number of interrupted duration in slot 
· Option 2: based on absolute RF retuning time (tentatively denoted as “RRT”).
For the value of VIL1 and VIL2, apparently the lower bound for VIL1 and VIL2 is the RF switching time, which is 0.5ms per one switch for FR1 and 0.25ms per one switch for FR2. 

The value of VIL1 and VIL2 further depends on the synchronization condition between the serving carrier and the carrier to be measured through NCSG, i.e., different value for synchronous and asynchronous cases. The VIL2 value needs consider the DL or UL traffic as well, for the DL the VIL2 value is the same as that of VIL1 however for the UL, even for the synchronous case, the VIL2 may need consider TA offset between aggressor and victim carrier. 

As mentioned before one constraint for VIL1/VIL2 is the RF switching time. Theoretically the value of VIL1/VIL2 could be defined as the RF switching under the most favourite scenario (synchronous and DL). However the RF switching time maybe not always long enough to allow a terminal to have an appropriate operation on NCSG. From the robust point of view, the value of VIL1 and VIL2 could refer other similar scenarios such as the interruption of SCell activation/deactivation or interruptions for transitions from non-DRX to DRX scenario. In summary, we prefer option 1 between the two options above. Regarding option 1a and 1b, we did not see noticeable difference between them. However based on the current discussion, the value of VIL1 and VIL2 will not depend on SRS hence using slot number to represent the duration will not make specs more clearly. 
Proposal 3: Regarding VIL value, support option 1, i.e., VIL should be explicitly defined based on the number of interrupted durations. Among option 1a and 1b, slightly prefer option 1a.   
Regarding separate NCSG patterns for sync and async scenarios or not
The following three options are available from RAN4 99:

· Option 1 (Ericsson, Nokia, Intel, Qualcomm):  Yes
· Different NCSG patterns for synchronous and asynchronous operations in FR1
· Same NCSG patterns for synchronous and asynchronous operations in FR2.
·  Option 2 (ZTE, OPPO, Huawei, MTK, vivo, CATT): 
· No need to separate NCSG patterns needed for synchronous and asynchronous operations.
· Option 3 (CMCC, MTK, vivo, Apple): same NCSG patterns for synchronous and asynchronous operations, provided that the NCSG pattern only comprise the RF retuning time and ML. Interruption is not captured in VIL(RRT) and specified separately.
We think this issue is related to the NCSG pattern definition issue. For the synchronous and asynchronous case, the interruption period will be different, in LTE, for each gap pattern, two NCSG patter are defined for synchronous and asynchronous case, respectively. For NR, the argument is there are much more gap patterns defined in R15/R16 compared with that of LTE. Hence for synchronous and asynchronous cases, it is possible to select a NCSG with suitable interruption length. However this assumption depends on the outcome of previous issue, if the NCSG is only defined over a subset of all existing NR gap pattern, the previous assumption may be not valid any more. To our understanding, defining a suitable subset is crucial to reduce unnecessary complexity of NCSG. Once a suitable subset is defined, separate NCSGs could be defined synchronous and asynchronous cases. 
Observation 1: whether separate NCSG patterns should be defined for sync and async scenarios or not depends on how to define the subset where NCSG is defined.  

Proposal 4: Separate NCSGs could be defined for synchronous and asynchronous cases for FR1 providing a suitable subset is defined. 
Regarding NCSG pattern structure

For the NCSG design, the structure of NCSG consists of VIL1, ML, VIL2 and VIRP. As indicated in [2], 2 options are available on how to define the length of ML. 
· Option 1: the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of the legacy gap
· Option 2: the total length of NCSG (“ML + VIL1+VIL2”) is larger than MGL of the legacy gap and the effective measurement window of NCSG (which is equal to ML) is same as “legacy MGL – 2 *RRT)”. 
It can be seen that the intention of option 2 is to keep the ML length the same as the legacy value whereas the ML of option 1 may less than that of the legacy system, depending on the value of VIL1 and VIL2. However option 2 will create a larger artificial MGL length. In addition, the benefit to keep the ML as the legacy system is unclear. 
Proposal 5: using option 1 for NCSG pattern, i.e., the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of the legacy gap
Impacts on RRM requirements due to NCSG
Impacts of NCSG on RRM requirements have been discussed for a few meetings. Without detailed design information of NCSG, it is not easy to have a comprehensive investigation on impacts on RRM requirements. For the impact on the interruption requirements, based on RAN4 99 we have the following options:  

· Option 1: The interruption requirements in TS38.133 and TS36.133 shall be revisited 
· Option 2: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements
· Option 3: the interruption is proposed as following
· Option 3a :Translate 1ms(FR1) and 0.75ms(FR2) into the number of interrupted slots for defining the interruption requirements for the synchronous case and one more slot is added for asynchronous case.
· Option 4 
· VIL on active victim serving cells is the number of interrupted slots calculated based on
· Aggressor reference cell RRT, 
· Victim cell SCS, and 
· Sync or async. operation
· Option 5: RAN4 to further discuss the condition, capability and impacts to measurement requirements for UE to use NCSG to control interruptions due to measurement on deactivated SCC or Scell in dormancy
For the interruption requirement, we think option 3a could be used as a starting point. Other factors such as sync/async, victim/agressor cell SCS, with/without MGTA could be studied further.
Proposal 6: for the interruption requirements, using option 3a as the starting point, i.e., translate 1ms(FR1) and 0.75ms(FR2) into the number of interrupted slots for defining the interruption requirements for the synchronous case and one more slot is added for asynchronous case.
3. Conclusion
In this contribution, we provide our considerations for the network controlled small gap work item and have the following observations and proposals:
Observation 1: whether separate NCSG patterns should be defined for sync and async scenarios or not depends on how to define the subset where NCSG is defined.  

Proposal 1: For the patterns to be include in the subset, either it has a ML longer than a threshold where ML= MGL-VIL1-VIL2 or the ratio ML/(VIL1 + VIL2) is larger than a threshold.  

Proposal 2: For the patterns to be include in the subset, from UE power consumption point of view, it is suggested that NCSG for legacy NR measurement gap with MGRP = 20ms should not be defined. 

Proposal 3: Regarding VIL value, support option 1, i.e., VIL should be explicitly defined based on the number of interrupted durations. Among option 1a and 1b, slightly prefer option 1a.   

Proposal 4: Separate NCSGs could be defined for synchronous and asynchronous cases for FR1 providing a suitable subset is defined. 
Proposal 5: using option 1 for NCSG pattern, i.e., the total length of NCSG (“ML + VIL1+VIL2”) is same as MGL of the legacy gap

Proposal 6: for the interruption requirements, using option 3a as the starting point, i.e., translate 1ms(FR1) and 0.75ms(FR2) into the number of interrupted slots for defining the interruption requirements for the synchronous case and one more slot is added for asynchronous case.
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