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1. Introduction
In RAN4#101e-bis network controlled small gap design was widely discussed. Corresponding agreement and open items are captured in the approved WF [1]. In this contribution, we continue discussing the NCSG design with focus on the open issues listed in [1]. After that, we also discuss the LS from RAN2 [2].
2. Discussion
2.1 Remaining issue in RAN4
We will discuss the open issues following the orders in the approved WF [1].
Issue 1-1: NCSG for CSI-RS based inter-frequency measurement with gap 
· Option 1: NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17. 
· Option 1a: NCSG can be used for CSI-RS inter-frequency measurement. UE reports supported CSI-RS BW for each band. 
· Option 2: NCSG for CSI-RS based inter-frequency measurement with gap is NOT supported in R17. 
· Option 3: RAN4 to work on CSI-RS based inter-frequency measurement requirement via NCSG after stabilizing the SSB-based requirements. 
· Option 4: NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17. However, corresponding requirements will not be defined in R17.
· Option 5: NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17. Corresponding requirements will be defined in R17. Introduce a new optional UE capability to indicate support of using NCSG for inter-frequency measurement with gap.
We proposed option 2 in last RAN4 meeting. Considering gap-less CSI-RS L3 inter-freq measurement is not supported yet, we don’t it is essential to support NCSG based CSI-RS L3 inter-freq measurement. Existing SSB based inter-frequency measurement could be an good example. In R15 SSB based inter-frequency is always done with gap. Technically speaking, if target SSB can be covered by UE active BWP with same SCS, UE can also measure it w/o gap. However, due to limited time, somehow this is not supported in R15. In R16 SSB based inter-freq measurement w/o gap was introduced. There are new UE capability and network signaling to control such measurement. Similarly, CSI-RS based L3 inter-frequency measurement w/o gap is not supported yet. In future this type of measurement may be supported. We assume there may also be new UE capability or even new NW signaling to control it, which depends future study. But here we are just trying to not mix these two functionalities. 
For CSI-RS based intra-frequency measurement, UE can simultaneously perform measurement and data reception, with many conditions specified in TS38.133 section 9.10.2.2, e.g. The BW of the CSI-RS on the intra-frequency neighbor cell is within the active BWP of the UE etc. without those conditions, existing intra-frequency CSI-RS L3 measurement requirements don’t apply. Option 1a proposes to let UE report supported CSI-RS BW, which increases RRC signaling overhead. However it is unclear to us when UE shall report the supported BW. If UE reports it together with support of NCSG on different bands, which means the reporting may come earlier before MO configuration. NW may not even configure CSI-RS L3 measurement for the UE. Thus it increase RRC overhead w/o any gain. 
We were trying to find possible compromise when drafting the WF in the last RAN4 meeting. According to the discussion option 4 seems to be a possible compromise.
[bookmark: _Ref95474099]Proposal 1: regarding NCSG for CSI-RS based inter-frequency measurement with gap, RAN4 confirms either 1) NCSG for CSI-RS based inter-frequency measurement with gap is NOT supported in R17. Or 2) NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17. However, corresponding requirements will not be defined in R17.

Issue 2-1: On top of #0 and #1, whether additional NCSG gap patterns shall be mandatorily supported if UE supports NCSG.
NCSG patterns corresponding to legacy patterns #13 and #14 are mandatorily supported in FR2 for per-FR capable UE. FFS on other mandatory patterns:
· Option 1: For NR-only measurement, NCSG GP#2, #3, #11, #17, #18, #19 are mandatory. 
· Option 2: no additional mandatory NCSG patterns
Some company mentioned that longer ML would result in more power consumption. However, this doesn’t mean they have to be mandatory since the interruption on data is same for different patterns in the same FR. 
We wouldn’t worry that too much since even if RAN4 confirms they are optional, UE can still choose to support them if it believes it can save power. We don’t see necessity to mandate UE to support any patterns other than the agreed ones, i.e. 0, 1, 13 and 14.
[bookmark: _Ref95474101]Proposal 2: no additional mandatory NCSG patterns on top of the ones agreed in previous RAN4 meetings.

Issue 2-2: The existing gap applicability in Rel-16 for NR-only measurement are reused for NCSG
UE can indicate support of some NCSG patterns which can only be used for NR-only measurement. FFS on how to indicate support of NR-only NCSG pattern:
· Option 1: reuse supportedGapPattern-Nronly (require mapping between legacy gap patterns and NCSG patterns)
· Option 2: introduce a new signaling, e.g. supportedNCSGPattern-Nronly
· Option 3: up to RAN2
Option 2 is supported to increase flexibility, which allows UE to report differently for legacy gap and NCSG. 
[bookmark: _Ref95474104]Proposal 3: introduce a new signaling, e.g. supportedNCSGPattern-Nronly to allow UE to indicate support of some NCSG patterns which can only be used for NR-only measurement. 

Issue 2-3: time offset for NCSG:
· Option 1: The offset of NCSG refers to the starting point of VIL1. 
· Option 2: The offset of NCSG refers to the starting point of ML – RRT. Allow 2 slots interruption for 15kHz, sync, mgta=0. 
[image: ]
Option 2 explicitly proposes to allow 2 slots interruption for 15kHz, sync, mgta = 0. We consider this an obvious drawback compared with option 1. Besides, option 1 is clearer to RAN2 since RRT is transparent to them.   
[bookmark: _Ref95474106]Proposal 4: The offset of NCSG refers to the starting point of VIL1.

Issue 3-2: Whether additional UE capability is needed for per-UE and per-FR differentiation for NCSG on top of that defined for legacy gap
· Option 1: No 
· Option 2: Define a per BC indication for per FR NCSG. 
· Option 3: do not rely on R15 capability independentGapConfig. Define a new NCSG per-UE and per-FR capability, e.g. independentNCSGConfig 
This issue has been discussed for many meetings without conclusion. We proposed option 1 in previous RAN4 meetings. To move forward we can also accept option 3 if it only requires bit signaling.
[bookmark: _Ref95474109]Proposal 5: RAN4 either concludes no additional UE capability is needed for per-UE and per-FR differentiation for NCSG on top of that defined for legacy gap, or define a new one bit NCSG per-UE and per-FR capability, e.g. independentNCSGConfig.

Issue 4-0: new signaling deriveSSB-IndexFromCell-inter
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RAN4 agreed to introduce a new network signaling [deriveSSB-IndexFromCell-inter] informing UE that the SSB indexes of target cell(s) on a frequency different than serving cell frequency can be derived from a serving cell, and which serving cell to utilize for target SSB indexes derivation.
· deriveSSB-IndexFromCell-inter can only be configured if the SCS of SSB is the same between target cell and the serving cell which is used for SSB indexes derivation.
· deriveSSB-IndexFromCell-inter is applicable in both FR1 and FR2.
· UE needs to know which serving cell to be referred under CA. 
· The indication is to be per-MO.
It was agreed in last meeting that deriveSSB-IndexFromCell-inter can only be configured if the SCS of SSB is the same between target cell and the serving cell which is used for SSB indexes derivation, since for different SCS case companies need more time to study.
After study, we think it can also work for different SCS case. Candidate SSB location in time domain is specified in TS38.213:
	Numerology
	First SSB symbol
	FR1
	FR2-1
	FR2-2

	
	
	< 1.88GHz
	1.88GHz < 3GHz
	3GHz ~ 6GHz 
	Unlicensed
	24GHz ~ 52GHz
	> 60GHz

	Case A: 15kHz
	{2,8} + 14*n
	n = 0,1
	n = 0,1,2,3
	n = 0,1,2,3,4
	
	

	Case B: 30kHz
	{4,8,16,20} + 28*n
	n = 0
	n = 0,1
	
	
	

	Case C: 30kHz FDD
	{2,8} + 14*n
	n = 0,1
	n = 0,1,2,3
	n = {0~9}
	
	

	Case C: 30kHz TDD
	
	n = 0,1
	n = 0,1,2,3
	n = 0,1,2,3
	
	
	

	Case D: 120kHz
	{4,8,16,20} + 28*n
	
	
	
	
	n = 0,1,2,3,5,6,7,8,10,11,12,13,15,16,17,18
	

	Case E: 240kHz
	{8,12,16,20,32,36,40,44} + 56*n
	
	
	
	
	n = 0,1,2,3,5,6,7,8
	

	Case F: 480kHz
	{2,9} + 14*n
	
	
	
	
	
	n = {0~31}

	Case G: 960kHz
	{2,9} + 14*n
	
	
	
	
	
	n = {0~31}



For a given band and SCS, the SSB pattern is fixed according to TS38.101:
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For deriveSSB-IndexFromCell-inter with different SCS, take case A + B for example (others are similar):
[image: Graphical user interface
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Figure 1 case A+B
We assume deriveSSB-IndexFromCell-inter tolerance needs to be defined, similar with deriveSSB-IndexFromCell tolerance defined in TS38.133 section 7.7. In clause 7.7 the tolerance of deriveSSB-IndexFromCell is defined as min(2 SSB symbols, 1 PDSCH symbol). However, for inter frequency different SCS case, UE doesn’t need to know the PDSCH symbol length. We propose to use 2 SSB symbols as the tolerance.
[bookmark: _Ref95474111]Proposal 6: similar with deriveSSB-IndexFromCell, RAN4 shall introduce tolerance requirement for deriveSSB-IndexFromCell-inter such as:
· When deriveSSB-IndexFromCell-inter is enabled, the UE assumes frame boundary alignment (including half frame, subframe and slot boundary alignment) across cells on the target carrier and reference carrier is within a tolerance not worse than 2 SSB symbols of target carrier and the SFNs of all cells on the target carrier and reference carrier are the same.

With △t, UE can know the window of starting point of SSB#0 in the target cell, even if it is not actually transmitted. The window is plus and minus △t based on timing of SSB#0 in the reference cell. Furthermore, for the given MO, UE know the SSB pattern. Therefore, UE can calculate candidate position for all SSB. Note that ss long as the △t is less than two SSB symbols on target carrier, the SSB index can be determined without any ambiguity.
[bookmark: _Ref95474113]Proposal 7: with △t less then 2 SSB symbol of target carrier, deriveSSB-IndexFromCell-inter can only be configured if the SCS of SSB is different between target cell and the serving cell which is used for SSB indexes derivation.

Another related open issue is on scheduling restriction: 
· If deriveSSB-IndexFromCell-inter is true, 
· For multiple CCs and/or Multiple MOs cases: FFS
To our understanding, when deriveSSB-IndexFromCell-inter is true, UE knows the where the measurement window shall be. The timing of measurement window is absolute for all the CCs. Therefore, if scheduling restriction applies, UE knows which symbols are restricted on all the serving CCs.
For multiple MOs, it is possible that SSB-ToMeasure in different MO indicates different SSB to measure. Besides, the reference cell in deriveSSB-IndexFromCell-inter may also be different for different MO. For instance:
[image: Graphical user interface
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Figure 2 deriveSSB-IndexFromCell-inter for multiple MOs
UE is configured to measure SSB#0 on carrier 2 and SSB#2 on carrier 3. The measurement window for measuring carrier 2 and 3 are overlapped. Since in each NCSG occasion, it is up to UE implementation which carrier to measure and this is transparent to NW, the actual scheduling restriction window shall be the combination of measurement windows for carrier 2 and 3.
[bookmark: _Ref95474115]Proposal 8: scheduling restriction agreed on single CC case with deriveSSB-IndexFromCell-inter is true can also apply for multiple CCs. Restriction applies for the merged Measurement window in time domain among MOs. 

Issue 5-3: Whether to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns
· Option 1: No 
· Option 2: Yes 
A mapping table is helpful in discussion phase for delegates to better understanding which patterns people were discussing about, since at that time there is no explicit NCSG patterns. 
For now, a new table dedicated for NCSG pattern is to be introduced in CR R4-2202012 (besides, RAN4 has informed RAN2 (R4-2120306) that a dedicated table will be introduced for NCSG pattern.), we don’t see the need to explicitly define a mapping table in RAN4 spec.
[bookmark: _Ref95474119]Proposal 9: no need to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns.

Another issue is about the UE capability discussed in the last RAN4 meeting. Currently X-2 and X-3 are open. 
	X-2
	Network controlled small gap (NCSG)
	Supported NCSG patterns
	
	yes
	no
	Network does not know whether some NCSG patterns can be configured to UE
	per-UE
	No
	No
	
	
	Optional with capability signalling
NCSG

patterns #0, #1, [x, y, …] are conditional mandatory if UE support X-1

	X-3
	Network controlled small gap (NCSG)
	Support of NCSG per band in target MO in a band combination for inter-frequency measurement
	
	
	
	
	Per-band
	
	
	
	
	


We support X-2 to increase flexibility. The support of legacy patterns do have to be same as support of NCSG patterns. Besides, number of legacy patterns is different from NCSG patterns. Not all the legacy patterns can be mapped to a NCSG pattern.
Regarding X-3, we don’t think this can be captured in UE feature list. Instead, it shall be captured in RRC spec. In fact,  RAN4 has already informed RAN2 about this and expected them to consider this in RRC design.
[bookmark: _Ref95474132]Proposal 10: in UE feature list discussed in RAN4#101-e-bis, X-2 shall be introduced while X-3 is unnecessary. 

2.2 RAN2 LS
RAN2 was asking the following questions in their LS [2]:
	In addition, RAN2 would like to kindly ask RAN4 following question:
Q: Whether to support simultaneous configurations on the following combinations?
1) NCSG FR1 gap + NCSG FR2 gap
2) Legacy FR1 gap + NCSG FR2 gap
3) Legacy FR2 gap + NCSG FR1 gap
4) One legacy perUE gap + one NCSG perUE gap
5) One legacy perUE gap + NCSG FR1 gap
6) One legacy perUE gap + NCSG FR2 gap



In our view 1), 2) and 3) are clearly supported. Regarding 4), 5) and 6), we could provide similar response as in the LS [3] we responded to RAN2 on Pre-MG, i.e. Without considering concurrent gap, 4), 5) and 6) are not supported.
[bookmark: _Ref95474136]Proposal 11: answer to question from RAN2:
· Independent of whether the UE supports concurrent measurement gaps, the following operations are supported: 
· NCSG FR1 gap + NCSG FR2 gap
· Legacy FR1 gap + NCSG FR2 gap
· Legacy FR2 gap + NCSG FR1 gap
· Without considering concurrent gap, the following operations are not supported: 
· One legacy perUE gap + one NCSG perUE gap
· One legacy perUE gap + NCSG FR1 gap
· One legacy perUE gap + NCSG FR2 gap

3. Conclusion
In this contribution, we further discuss the NCSG design. After discussion the following conclusions are provided: 
Proposal 1: regarding NCSG for CSI-RS based inter-frequency measurement with gap, RAN4 confirms either 1) NCSG for CSI-RS based inter-frequency measurement with gap is NOT supported in R17. Or 2) NCSG for CSI-RS based inter-frequency measurement with gap is supported in R17. However, corresponding requirements will not be defined in R17.
Proposal 2: no additional mandatory NCSG patterns on top of the ones agreed in previous RAN4 meetings.
Proposal 3: introduce a new signaling, e.g. supportedNCSGPattern-Nronly to allow UE to indicate support of some NCSG patterns which can only be used for NR-only measurement.
Proposal 4: The offset of NCSG refers to the starting point of VIL1.
Proposal 5: RAN4 either concludes no additional UE capability is needed for per-UE and per-FR differentiation for NCSG on top of that defined for legacy gap, or define a new one bit NCSG per-UE and per-FR capability, e.g. independentNCSGConfig.
Proposal 6: similar with deriveSSB-IndexFromCell, RAN4 shall introduce tolerance requirement for deriveSSB-IndexFromCell-inter such as:
Proposal 7: with △t less then 2 SSB symbol of target carrier, deriveSSB-IndexFromCell-inter can only be configured if the SCS of SSB is different between target cell and the serving cell which is used for SSB indexes derivation.
Proposal 8: scheduling restriction agreed on single CC case with deriveSSB-IndexFromCell-inter is true can also apply for multiple CCs. Restriction applies for the merged Measurement window in time domain among MOs.
Proposal 9: no need to introduce a mapping table between legacy measurement gap patterns and corresponding NCSG patterns.
Proposal 10: in UE feature list discussed in RAN4#101-e-bis, X-2 shall be introduced while X-3 is unnecessary.
Proposal 11: answer to question from RAN2:
· Independent of whether the UE supports concurrent measurement gaps, the following operations are supported: 
· NCSG FR1 gap + NCSG FR2 gap
· Legacy FR1 gap + NCSG FR2 gap
· Legacy FR2 gap + NCSG FR1 gap
· Without considering concurrent gap, the following operations are not supported: 
· One legacy perUE gap + one NCSG perUE gap
· One legacy perUE gap + NCSG FR1 gap
· One legacy perUE gap + NCSG FR2 gap
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1	Overall description
RAN4 further discussed NCSG design in RAN4#102-e and reached the following agreements which may have RAN2 impact: 
TBA
Besides, RAN4 also discussed and reached consensus on the following response to RAN2 questions:
Q: Whether to support simultaneous configurations on the following combinations?
1) NCSG FR1 gap + NCSG FR2 gap
2) Legacy FR1 gap + NCSG FR2 gap
3) Legacy FR2 gap + NCSG FR1 gap
4) One legacy perUE gap + one NCSG perUE gap
5) One legacy perUE gap + NCSG FR1 gap
6) One legacy perUE gap + NCSG FR2 gap

RAN4 answer: 
· Independent of whether the UE supports concurrent measurement gaps, the following operations are supported: 
· NCSG FR1 gap + NCSG FR2 gap
· Legacy FR1 gap + NCSG FR2 gap
· Legacy FR2 gap + NCSG FR1 gap
· Without considering concurrent gap, the following operations are not supported: 
· One legacy perUE gap + one NCSG perUE gap
· One legacy perUE gap + NCSG FR1 gap
· One legacy perUE gap + NCSG FR2 gap
2	Actions
To RAN WG2 
ACTION: 	RAN4 kindly asks RAN2 to take the above information into account and implement the configuration of NCSG. 

3	Dates of next TSG RAN WG4 meetings
TSG RAN WG4 Meeting #103-e               16 - 27 May 2022						 Online 
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Table 5.4.3.3-1: Applicable SS raster entries per operating band

Range of GSCN
NR operating band SS Block SCS SS Block pattern! (First — <Step size>—
Last)

ni 15 kHz Case A 5279 — <1>-—5419
n2 15 kHz Case A 4829 — <1>— 4969
n3 15 kHz Case A 4517 — <1>-4693
n5 15 kHz Case A 2177 — <1>-—2230

30 kHz Case B 2183 —<1>-—2224
n7 15 kHz Case A 6554 — <1>- 6718
n8 15 kHz Case A 2318 — <1>-2395
ni2 15 kHz Case A 1828 —<1>— 1858
ni4 15 kHz Case A 1901 —<1>-1915
ni8 15 kHz Case A 2156 — <1>-2182
n20 15 kHz Case A 1982 — <1>— 2047
n25 15 kHz Case A 4829 — <1>-—4981
n26 15 kHz Case A 2153 — <1>-2230
n28 15 kHz Case A 1901 — <1>-2002
n29 15 kHz Case A 1798 —<1>-1813
n30 15 kHz Case A 5879 — <1>—5893
n34 15 kHz Case A NOTE 5

30 kHz Case C 5036 — <1>— 5050
n3s 15 kHz Case A NOTE 2

30 kHz Case C 6437 — <1>—6538
n39 15 kHz Case A NOTE 6

30 kHz Case C 4712 —<1>-4789
n40 30 kHz Case C 5762 — <1>—5989
na1 15 kHz Case A 6246 — <3>— 6717

30 kHz Case C 6252 — <3>- 6714





