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1 	Introduction
In the last meeting, the objective 3 of NR measurement gap enhancement WI [1] below has been discussed and a WF for the multiple concurrent measurement gap in Rel17 was also agreed [2]. 
	· 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]




In this contribution the following open issues will be further discussed.
· NCSG using scenarios
· NCSG patten
· How to configure NCSG pattern
· RRM requirements impacts
2 Scenarios and Use Cases
In [2], the following agreements on NCSG using scenarios was achieved.
	· The use cases of NR NCSG can be similar as these of LTE
· The specific use cases can be FFS
· Whether the usage of per-CC gap can be FFS
· NCSG supports both synchronous/asynchronous operation
· FFS on whether to define separate NCSG patterns for sync and async needs more discussion




Firstly, before RAN4 discusses the specific RRM requirements and applicability of NR NCSG patterns, it is better to clarify the possible and feasible using scenarios of NCSG in NR.


Figure 1. An example of NR NCSG using scenario
In our views, in NR the measurements on the deactivated SCell will cause interruption to other active carriers as required in 8.2.1.2.5	of TS38.133 [3]. If UE can support multiple RF chains one of which can be used for the measurement for the deactivated carrier as illustrated in Figure 1 above, the network can schedule a small gap for this measurement. Meanwhile, regarding to new cases to introduce interruption requirements in NR in comparison with LTE, the other case to reduce the interruption shall be considered, e.g. BWP switching. In other words, it is beneficial to let UE switch the active BWP with the small gap. That is the main task of NCSG in NR can be:
· Enable measurement on unused RF chains with interruption controlled on activated CC
· Eliminate/reduce interruptions on the serving carriers when UE tried to measure other frequency layers or dormant BWP. 
Particularly, the other usage (e.g. the general RRM) as mentioned by Option3 can be possible for NCSG also. But if we target to optimize NCSG gap pattern design for the interruption avoidance (e.g. the interruption due to measurement on the deactivated SCell ), we need not to define so many NCSG patterns as we did for MGP in Rel16.
Proposal 1: The main using scenario of NCSG in NR can be focus on: 
· Eliminate/reduce interruption rate due to the transition of the target measurement frequency or BWP 
And the other usage of NCSG in LTE is enable per-CC measurement gap configuration with interruption controlled. However, since per CC MG is not supported in NR and it is not include in WID, the usage of per-CC gap (including NCSG) is not needed to discussed in this WI. 
Proposal 2: No per-CC NCSG will be considered in Rel17.
3 NCSG Pattern
As we agreed in the last meeting, the UE behavior during NCSG can be summarized as:
	· Same as UE within LTE NCSG, that is
· During VIL1/VIL2 UE is not expected to transmit or receive any date on corresponding serving cell(s).
· During ML UE is expected to transmit and receive data on the corresponding serving cell(s).




With these agreements, the more detailed design on NCSG pattern can be provided below.  
3.1. General NCSG design principles
In the last meeting, whether the legacy gap patterns in Rel16 can be used for NCSG was extensively discussed. The main purpose of such reusage is to avoid the unnecessary specification works. Therefore, the following options will be FFS.
	· FFS on which legacy patterns in Rel16 can be reused for NCSG
· Option 1. All 26 NCSG patterns in Rel16
· Option 2 Reuse part of the legacy MG patterns in [2] as the new NCSG patterns in NR.
· Option 2a : reuse part of the legacy MG patterns with long MGL, e.g., gap pattern with ID 0,1,4,5 for FR1, or ID 12,13,14,15 for FR2.
· Option 2b : NR gap patterns #0~23 .
· Option 2c :  RAN4 should consider defining a limited number of suitable NCSG patterns and assign a UE capability to some of them, while the remaining ones will form a basic set. In addition, RAN4 may consider a UE capability in view of different support levels related to VIL requirements




The main concern for NCSG pattern is which legacy gap patterns can be reused. This is also up to the main using scenario of NCSG. However, in our view, regarding to the real using scenarios, some of patterns can be feasible indeed. At least #24, 25 couldn’t be used. The other patterns may be not feasible. For an example, the gap patterns which have the quite shorter MGRP/VIRP (e.g. 20ms), in case of SCell measurement with “measCycleSCell” which shall be larger than 160 slots [4], it seems no necessary to defined the same NCSG. Also for the gap pattern with shorter MGL(e.g. #10, #11), as MGL= VIL1+VIL2+ML if VIL1 and VIL2 is 1ms, the measurement window will be only 1ms. Whether is such gap useful for NCSG shall be also checked. 
Therefore, we can safely propose that:
Proposal 3:  Reuse part of the legacy MG patterns in [2] as the new NCSG patterns in NR.

3.2. Visible Interruption Length (VIL)
Secondly, regarding introduction of NCSG, another critical issue is the feasible NCSG patterns definition including Visible Interruption Length (VIL) , Measurement Length (ML), and Visible Interruption Repetition Period (VIRP) as defined in LTE [3, TS36.133].
In principle, how to decide VIL depends on the feasible RF retuning time which could introduce the unexpected interruption to the serving carriers/cells. As in NR Rel15, the assumption on the duration of RF retuning in LTE/NR PCell/PSCell can be less than 500us and 250us for FR1 and FR2 respectively. In our view, in Rel17 the same assumption can be reused. 
In addition to the interruption in case of both synchronous and asynchronous DC are different in MR DC, the VIL in NR NCSG for the different FR can be defined as:

	
	VIL in Sync (ms)
	VIL in Async(ms)

	FR1
	1
	2

	FR2
	0.75



3.3. Measurement Length (ML)
In the last meeting, the following agreement was achieved. 
· ML: If legacy gap pattern can be reused for NCSG, we can assume that MGL= VIL1+ML+VIL2 
That is measurement length is highly dependent on measurement object configuration. For an example, for SSB measurement gap, ML is up to SMTC configuration. Hence ML defined in NR legacy gap patterns [2, TS38.133] can be feasible.  
3.4. Visible Interruption Repetition Period (VIRP)
VIRP can rely on the SCell measurement cycle configure for SCell. And regarding to such NCSG will be applicable for all SCell carriers, if there are multiple deactivated SCells to be measured, more than one NCSG are needed. That is the VIRP can be less than measCycleSCell. Meanwhile, it is better to align these SMTC window for multiple SCells. 
In short words, it is straightforward to reuse some of the legacy MG patterns in [2] as the new NCSG patterns in NR. 

Table 9.1.2-1: Gap Pattern Configurations [2,TS 38.133]
	Gap Pattern Id
	Measurement Gap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)

	0
	6
	40

	1
	6
	80

	2
	3
	40

	3
	3
	80

	4
	6
	20

	5
	6
	160

	6
	4
	20

	7
	4
	40

	8
	4
	80

	9
	4
	160

	10
	3
	20

	11
	3
	160

	12
	5.5
	20

	13
	5.5
	40

	14
	5.5
	80

	15
	5.5
	160

	16
	3.5
	20

	17
	3.5
	40

	18
	3.5
	80

	19
	3.5
	160

	20
	1.5
	20

	21
	1.5
	40

	22
	1.5
	80

	23
	1.5
	160

	24
	10
	80

	25
	20
	160



On the other hand, from the technical perspective, some of these legacy patterns are infeasible, which are also highlighted in the table above. For an example, the gap patterns which have the quite shorter MGRP/VIRP (e.g. 20ms), in case of SCell measurement with “measCycleSCell” which shall be larger than 160 slots [4], it seems no necessary to defined the same NCSG. And for gap#24, 25 which is used for PRS measurement, can be not in the candidate NCSG patterns.
 
	MeasObjectNR ::=                    SEQUENCE {
    ssbFrequency                        ARFCN-ValueNR                                                   OPTIONAL,   -- Cond SSBorAssociatedSSB
    ssbSubcarrierSpacing                SubcarrierSpacing                                               OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc1                               SSB-MTC                                                         OPTIONAL,   -- Cond SSBorAssociatedSSB
    smtc2                               SSB-MTC2                                                        OPTIONAL,   -- Cond IntraFreqConnected
    ……
    measCycleSCell                      ENUMERATED {sf160, sf256, sf320, sf512, sf640, sf1024, sf1280}  OPTIONAL    -- Need R
    ]],
    [[
    smtc3list-r16                     SSB-MTC3List-r16                                                  OPTIONAL,   -- Need R
    rmtc-Config-r16                     SetupRelease {RMTC-Config-r16}                                  OPTIONAL,   -- Need M
    t312-r16                            SetupRelease { T312-r16 }                                       OPTIONAL    -- Need M
    ]]
}





And if MGRP in [2] can be reused as the VIRP of NCSG in NR, the length (ML) will can be “MGL- 2*VIL”. 
Proposal 4: In order to minimize RAN4 and other RAN group’s standardization efforts, RAN4 can define  NR NCSG patterns based on existing NR legacy MG patterns in [2].
In summary, considering the analysis on VIL, ML and VIRP above, the several new NCSG patterns based on the legacy gap pattern (e.g. MGRP) are defined in the table below.
Table 2: Gap Pattern Configurations for NCSG
	Gap Pattern Id
	VIL1 (MGL, ms)
	ML
	VIL2
	Measurement Gap Repetition Period
(VIRP, ms)

	ncsg0
	1, sync
2 , async
	6 - 2*1, sync
6 - 2*2, async
	1, sync
2 , async
	40

	ncsg 1
	1, sync
2 , async
	6 - 2*1, sync
6 - 2*2, async
	1, sync
2 , async
	80

	ncsg 2
	1, sync
	3 - 2*1, sync
	1, sync
	40

	ncsg 3
	1, sync
	3 - 2*1, sync
	1, sync
	80

	ncsg 5
	1, sync
2 , async
	6 - 2*1, sync
6 - 2*2, async
	1, sync
2 , async
	160

	ncsg 7
	1, sync
	4 - 2*1, sync
	1, sync
	40

	ncsg 8
	1, sync
	4 - 2*1, sync
	1, sync
	80

	ncsg 9
	1, sync
	4 - 2*1, sync
	1, sync
	160

	ncsg 11
	1, syn
	3 - 2*1, sync
	1, sync
	160

	ncsg 13
	0.75, sync +async
	5.5 - 2*0.75, 
	0.75, sync +async
	40

	ncsg 14
	0.75, sync +async
	5.5 - 2*0.75, 
	0.75, sync +async
	80

	ncsg 15
	0.75, sync +async
	5.5 - 2*0.75, 
	0.75, sync +async
	160

	ncsg 17
	0.75, sync +async
	3.5 - 2*0.75, 
	0.75, sync +async
	40

	ncsg 18
	0.75, sync +async
	3.5 - 2*0.75, 
	0.75, sync +async
	80

	ncsg 19
	0.75, sync +async
	3.5 - 2*0.75, 
	0.75, sync +async
	160



4 NCSG Configurations
The main controversial issue for NCSG configuration is summarized in [2] below.
	· FFS on Implicit or explicit configuration of NCSG
· Option 1. UE may assume the implicit and explicit configurations of NCSG are not concurrently activated.
· Implicit activation of NCSG means UE may introduce VILs at the start and stop of a configured MG while ML is the same as MGL and VIRP is the same as MGRP.
· Explicit activation of NCSG means UE follows the configuration of the network in terms of VIL1/VIL2/ML and VIRP.
· Option 2. NW explicitly configures the NCSG for VIL1/VIL2/ML/VIRP and offset.


For the implicit configuration of NCSG as Option 1 stated, the explicit activation shall be necessary aslo. Thus, in comparison with the explicit configuration, there is little benefits from the signaling overhead. By the explicit configuration, NW can config the NCSG upon UE’s request. That is the explicit configuration provide a more flexible way and with less standardization efforts. 
Proposal 5:  The explicit configuration of NCSG in NR is preferred. 
5 Per-UE/Per-FR NCSG Applicability
For NCSG applicability, the following options were discussed in the last meeting.
	· FFS on Per-UE/Per-FR NCSG applicability
· Option 1 : NCSG pattern should be configured based on MG configuration considering per FR1 or FR2 gap.
· Option 2: Support both per FR and per UE NCSG patterns




Firstly, in principle, like LTE the new capability of NR NCSG is needed since NCSG gap can be used depending on RF chains in the different FR/carrier as UE need measure the different carriers simultaneously without the interruption on the activated carriers. On the other hand, it also implies that the per-FR NCSG is more straightforward way. 
Proposal 6: NCSG pattern should be configured based on MG configuration considering per FR1 or FR2 gap

6 RRM Requirements Impacts
If NCSG is used for the measurement for UE who can perform with multiple RF chains, the RRM requirements with NCSG shall be investigated. For an example, the interruption requirements shall be updated if NCSG is used. (e.g. interruption for SCell activation in 8.2.1.2.5.1 of TS38.133[2] and 7.32.2.6 in TS36.133)
In the last meeting, there is some preliminary discussion on these requirements.
	· FFS on Interruption requirements
· Option 1: The interruption requirements in TS38.133 and TS36.133 shall be revisited 
· Option 1a. for UE supporting per-FR gap, VIL is allowed only on the serving cell in the same FR wherein there is NCSG operation. Otherwise, VIL is allowed on all serving cells.
· Option 2: Existing interruption requirements for SCell activation/deactivation can serve as starting point for the study of VIL requirements



 
From these options above, it is common understanding that the new interruption due to NCSG shall be defined. And we can also to agree to identify the potential requirements impact in high level firstly. The detailed requirements can be FFS after the gap pattern design is settle down.
Proposal 7: The interruption requirements during measurements on SCC defined in TS38.133 and TS36.133 shall be revisited because of NCSG is used. 

As stated in [1], UE measurement via the NCSG required RAN2 to design the necessary signaling support. Regarding to in Rel16 “Needforgap” singaling was introduced [4]. In our view, this signaling can indicate the gap for each band/carrier. The similar signaling of needForGap can be applicable for NR NCSG also.  
Proposal 8: The “NeeForGap” signaling structure can be reused for NR NCSG as a start point.

7 Conclusion
In this contribution, serval issues related to the measurement gap enhancement WI are discussed. The proposals can be drawn as: 
Proposal 1: The main using scenario of NCSG in NR can be focus on: 
· Eliminate/reduce interruption rate due to the transition of the target measurement frequency or BWP 
Proposal 2: No per-CC NCSG will be considered in Rel17.
Proposal 3:  Reuse part of the legacy MG patterns in [2] as the new NCSG patterns in NR.
Proposal 4: In order to minimize RAN4 and other RAN group’s standardization efforts, RAN4 can define  NR NCSG patterns based on existing NR legacy MG patterns in [2].
Proposal 5:  The explicit configuration of NCSG in NR is preferred. 
Proposal 6: NCSG pattern should be configured based on MG configuration considering per FR1 or FR2 gap
Proposal 7: The interruption requirements during measurements on SCC defined in TS38.133 and TS36.133 shall be revisited because of NCSG is used. 
Proposal 8: The “NeeForGap” signaling structure can be reused for NR NCSG as a start point.
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