


3GPP TSG-RAN WG4 Meeting #98-bis-e	R4-2107318
Electronic Meeting, Apr. 12 - 20, 2021

Source: 	Qualcomm CDMA Technologies
Title: 	Discussion on open issues of network controlled small gap for NR
Agenda item:	8.5.2.3   Network Controlled Small Gap	[NR_MG_enh-Core]
Document for:	Discussion
1. [bookmark: _Ref165266342]Introduction
As agreed in RAN4 #98-e [1], the motivations of NR network controlled small gap (NCSG) can be similar as those of LTE. In this paper, we aim to share typical use cases for NR. Based on the identified use cases, we further try to address open issues from the last meeting by sharing more observations and views in several aspects for,
· Use cases
· Pattern design
· Configuration and signaling
2. Discussions
2.1 Use cases
NR has various scenarios in MRDC and NRCA. NCSG may be employed to improve the loss in the throughput and the use cases also depend on per FR or per UE support by UE and/or network.
NRDC:
	Case1
	Case2
	Case3

	[image: ]
fr1-ncsg+fr2-ncsg
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ue-ncsg
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ue-gap+ue-ncsg


For NRDC, NCSGs can be configured per FR in Case1 so the legacy MG is not configured. Thus both FRs are improved with less interruptions.
In Case2, for FR1+FR1 or FR1+FR2 NRDC, per UE NCSG can be employed instead of per UE MG if both CGs have unused RF chains for enabling NCSG on both FR1 bands. 
As an extension of Case2, in Case3, if only one CG(in a different band) has the unused resource, then per UE NCSG can be allowed and configured for that CG as long as the NCSG pattern is aligned with the per UE MG pattern on the other CG. Note this is to some extent enhanced which requires NW’s flexibility but we think it should help with minimizing the interruptions by taking advantage of per band NCSG support by UE. 
Observation1: In NRDC, per UE NCSG may be configured to replace per UE MG on both CGs but it can also be benefitial to allow one CG with per UE MG and another CG with per UE NCSG under certain condition.
Since NCSG can be configured without the presence of any legacy MG configuration at all, e.g. case1, NCSG configuration shall be explicitly defined in NR 38.331 as per UE, per FR1 and per-FR2, e.g. ue-ncsg, fr1-ncsg and fr2-ncsg. 
Proposal1: in NRDC, explicit NCSG configurations shall be allowed for MCG and SCG respectively, i.e. FR1-NCSG+FR1/2-NCSG, per UE NCSG only, per UE MG+per UE NCSG*.
Proposal1.1: Introduce ue-ncsg, fr1-ncsg and fr2-ncsg to NR RRC 38.331.
*Note per UE MG and per FR MG shall not be both present. Same for per UE NCSG and per FR NCSG.
ENDC/NEDC:
	Case4
	Case5
	Case6
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NR:
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measConfig::fr1-Gap = true
MeasGapConfig::gp
NR:
fr2-ncsg 

	[image: ]
LTE:
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For ENDC/NEDC, configuring NR NCSG may require introducing the new signaling on the LTE side. In LTE 36.331, the IE fr1-Gap is introduced as a Boolean indication on whether the gap is only applicable for measurements on FR1 as below. If fr1-Gap is true, per FR1 MG is assumed; otherwise, per UE MG is assumed.
[image: ]
Figure 1 36.331 5.5.2.9 Measurement gap configuration
To enable the NCSG on both NR and LTE sides, similar to how the legacy MG is configured for ENDC L+FR1, a new IE fr1-Ncsg may have to be introduced in 36.331 by RAN2. When fr1-Nscg set to FALSE, NCSG shall be per UE based in the context of ENDC; otherwise, it is per FR1 based. Given the need of extending the LTE signaling, we propose,
Proposal2: Both per UE NR NCSG and per FR NR NCSG can be supported and configured in ENDC/NEDC.
Proposal2.1: To support per FR NR NCSG for ENDC/NEDC, introduce fr1-Ncsg as a Boolean indication in LTE 36.331.
As an example, in Case4, the LTE leg can be configured with legacy NCSG and fr1-Nscg=False. Then on the NR side, NCSG must also be per UE type, configured in ue-ncsg by NR RRC. 
Observation2: In ENDC, LTE RRC may determine the NR NCSG type to either be per UE or per FR if fr1-Ncsg is introduced.
In Case5, LTE could be configured with legacy MG with fr1-Gap=True. But if SCG is on FR2, NR shall be allowed with a configuration for per FR2 NCSG independently. In this case, LTE MG is treated as per FR1 type. 
In Case6 for LTE+FR1+FR2, LTE and FR1 can be both configured with per FR1 NCSG if fr1-Ncsg=True. And FR2 can be separately configured with a FR2 NCSG (or per FR2 MG as in legacy). 
NRCA:
	Case7
	Case8
	Case9
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In NRCA, use of NCSG may consider whether the serving cells are configured in one FR or both FRs and if NCSG support is allowed in one band or both bands. Due to the per CC configuration is not supported in NR, finer granularity on configuring the NSCG is not considered on a per-CC level.
In Case7, FR1 and FR2 cells can be configured with per FR NCSG if UE has spare RF chain on both bands of FR1 and FR2. Otherwise, in Case8, where FR1 band has no NCSG support claimed by UE, then FR1 serving cells can be configured with legacy FR1 MG while FR2 serving cells can still be configured by per FR2 NCSG. 
If there is only one FR in the CA such as Case9, then per UE NCSG can be employed to replace per UE MG if NCSG is supported. 
Case7.1 can be a special case of Case7 where UE or NW doesnot support the capability of independentGapConfig. Then it shall be allowed to enable per UE NCSG across FR1 and FR2 serving cells with the same pattern.
Observation3: per UE NCSG can be configured for FR1+FR2 NRCA.
2.2 Views on NCSG pattern
The design of NCSG mainly covers two aspects since the NCSG is composed of VILs and ML. In our view, the VILs and ML can be determined in the following order.
1. Firstly, VIL1+ML+VIL2 is the total length of a NCSG instance. As legacy LTE, VIL1+ML+VIL2 shall be the same as the measurement gap length (MGL) of the legacy MG, i.e. VIL1+ML+VIL2=MGL
2. Secondly, choice of VIL1/VIL2 to be decided. After which, ML=MGL-VIL1-VIL2, where ML is the available time left for data scheduling on the serving cell configured with NCSG.
Observation4: the design of NCSG can follow two steps, 1) have VIL1+ML+VIL2 equal to MGL of legacy MG 2) choose VIL1 and VIL2 s.t. ML=MGL-VIL1-VIL2
W.r.t the first aspect, 98-e[1] has an open issue.
	The general NCSG design principle :
FFS on which legacy patterns in Rel16 can be reused for NCSG


According to the 1st principle, all of the legacy measurement gap patterns can be considered, but as some companies pointed out, legacy MG pattern with IDs #24 and #25 are intended for positioning purpose. Thus they are always per UE type to reserve the processor’s horsepower entirely for the positioning related computation. Enabling NCSG that allows data processing during the ML contradicts the intention of legacy MG ID #24 and #25. As such, they shall not be considered for NCSG pattern.
Proposal3: Donot introduce NCSG pattern corresponding to the legacy patterns #24 and 25.
We shall further evaluate the choice of VIL to address another open issue according to the WF [1]. And ML can be derived consequently.
	VIL: FFS on whether VIL shall be defined as the equivalent time of the interrupted slots or, equals to absolute RF retuning time defined in Rel-15


We observe in the previous meeting that different flavors of choosing VIL were proposed by companies. In our view, definition of VIL based on absolute RF retuning time may not be sufficient.
From the UE implementational perspective, to enable NCSG from UE side, it may require more UE processing overhead than what’s necessary for a legacy measurement gap. Towards opening a gap, UE only needs to perform the RF etuning and suspends the serving cells. By contrast, towards realizing a NCSG, UE has to firstly (de)activate the spare RF chain, retune the activated RF devices, additionally swap the context of the processors for maintaining both the data reception and performing the measurement during the up-coming ML. In [2], it is recommended to assume the interruption time as existing Table 8.2.4.2.6-1, TS 38.133. As the procedure resembles that of transition between non-DRX to DRX or vice versa, the approach of deriving the VIL in the same logic can be supported as a starting point based on 15Khz and 60Khz for FR1 and FR2 respectively. For other numerologies in FR1 and FR2, as the UE side processing maintains the same and cannot be down-scaled, it is necessary to increase the number of slots accordingly and ensure the same amount of VIL time be reserved.
Observation5: UE operations during VIL can be more than performing the RF retuning task due to booting /activating the spare RF chain and re-arranging the baseband processors etc..
Proposal4: Choice of VIL are based on the interruption time of transition bw/ non-DRX to DRX for 15Khz for FR1 and 60Khz for FR2 i.e. 1ms for per UE or per FR1 NCSG and 0.75ms for per FR2 NCSG.
Proposal4.1: Number of interrupted slots is derived by assuming the proposal4 for VIL time and the slot duration for a given numerology, i.e. N=⌈VIL/slot_dur⌉ for sync condition and N=⌈VIL/slot_dur⌉ +1 for async condition
Table 1 Number of interrupted slots of Per-FR1/per-UE NCSG VIL
	SCS
	VIL1 = 1 ms
	VIL2 = 1 ms

	
	Sync
	Async
	Sync
	Async

	15 Khz
	1
	2
	1
	2

	30 Khz
	2
	3
	2
	3

	60 Khz
	4
	5
	4
	5

	120 Khz
	8
	9
	8
	9



Table 2 Number of interrupted slots of Per-FR2 NCSG for SCG
	SCS
	VIL1 = 0.75 ms
	VIL2 = 0.75 ms

	
	Sync
	Sync

	60 Khz
	3
	3

	120 Khz
	6
	6


With tables 1 and 2, it is possible to derive the effective number of slots during ML as NML =NMGL-NVIL1-NVIL2 and NML shall be more than one slots. Therefore, it is clear that for FR2, legacy MG pattern IDs 20-23 shall be excluded for designing per FR2 NCSG and legacy MG pattern IDs 2-3 are not very worthwhile to define per UE NCSG either as little margin remains for ML. For per FR1 NCSG, RAN4 may prioritize legacy MG pattern IDs 4-5 with longer MGL.
Proposal5: per UE NCSG doesnot consider the patterns of legacy MGs with IDs 2-3. (0-1 are recommended)
Proposal5.1: per FR1 NCSG doesnot consider the patterns of legacy MGs with IDs 2-3 and 6-11. (0/1/4/5 are recommended)
Proposal5.2: per FR2 NCSG doesnot consider the patterns of legacy MGs with IDs 20-23. (12-19 are recommended)
2.3 Configuration signaling
This section recapitulates the signaling identied in section2.1 and aims to summarize what’s needed for UE indication and RRC configuration. For the UE indication on claiming the support of NCSG, [1] captures it as an open issue.
	FFS on How to consider the relation between NCSG and ‘NeedForGap’?
Option 1: Rel-17 NCSG to directly reuse Rel-16 ‘NeedForGap’ signalling with ‘no gap’ equaling NCSG.
Option 2: The “NeedForGap” signaling structure can be reused for NR NCSG as a start point
Other options not precluded.


In our understanding, the intention of employing NeedForGapsNR-r16 for NR NCSG is to indicate if UE has available unused RF resource for fulfilling the NCSG on the serving cells in the band for running the measurements. 
On the other hand, it is observed similar function was supported in LTE via PerCC-GapIndication:: gapIndication on a finer per CC granularity. And the enumeration values has explicitly included ncsg as the one of the candidates.
[image: ]
Figure 2 Indication of ncsg via perCC-GapIndication by legacy LTE UE
When UE indicates it supports NCSG to the network, the expectation on the network behavior is to continue the scheduling of data during the ML and on the contrary, network can expect the measurement results will be reported by UE as well. Therefore it is necessary to be explicit for UE to indicate to the network in the RRC reconfiguration complete message for requesting the NCSG configuration by the network.
Proposal6: Expanding the NR IE NeedForGapsNR::gapIndication to include the enumerated values {ncsg, nogap-noNcsg} for clarity.
Upon receiving the UE indication, the network shall configure UE with the NCSG pattern accordingly. In the previous section, we have identified and proposed to introduce the following signaling as it is possible network doesnot configure the legacy gap and an explicit configuration of NCSG must be provided.
Proposal1.1: Introduce ue-ncsg, fr1-ncsg and fr2-ncsg to NR RRC 38.331.
Proposal2.1: To support per FR NR NCSG for ENDC/NEDC, introduce fr1-Ncsg as a Boolean indication in LTE 36.331.
Note when only NCSG is configured, further information such as refServCellIndicator is still needed under DC scenario. Hence it is proposed to include it as part of the NCSG configuration as in legacy GapConfig.
Proposal1.2: Include refServCellIndicator in the NR NCSG configuration.
3. Conclusion
In this paper, we share our view on NCSG for NR.
Observation1: In NRDC, per UE NCSG may be configured to replace per UE MG on both CGs but it can also be benefitial to allow one CG with per UE MG and another CG with per UE NCSG under certain condition.
Proposal1: in NRDC, following NCSG configurations shall be allowed for MCG and SCG respectively, i.e. FR1-NCSG+FR1/2-NCSG, per UE NCSG only, per UE MG+per UE NCSG*.
Proposal1.1: Introduce ue-ncsg, fr1-ncsg and fr2-ncsg to NR RRC 38.331.
Proposal1.2: Include refServCellIndicator in the NR NCSG configuration.
Proposal2: Both per UE NR NCSG and per FR NR NCSG can be supported and configured in ENDC/NEDC.
Proposal2.1: To support per FR NR NCSG for ENDC/NEDC, introduce fr1-Ncsg as a Boolean indication in LTE 36.331.
Observation2: In ENDC, LTE NCSG configuration may determine the NR NCSG type to either be per UE or per FR.
Observation3: per UE NCSG can be configured for FR1+FR2 NRCA.
Observation4: the design of NCSG can follow two steps, 1) have VIL1+ML+VIL2 equal to MGL of legacy MG 2) choose VIL1 and VIL2 s.t. ML=MGL-VIL1-VIL2
Proposal3: Donot introduce NCSG pattern corresponding to the legacy patterns #24 and 25.
Observation5: UE operations during VIL can be more than performing the RF retuning task due to booting /activating the spare RF chain and re-arranging the baseband processors etc..
Proposal4: Choice of VIL are based on the interruption time of transition bw/ non-DRX to DRX for 15Khz for FR1 and 60Khz for FR2 i.e. 1ms for per UE or per FR1 NCSG and 0.75ms for per FR2 NCSG.
Proposal4.1: Number of interrupted slots is derived by assuming the proposal4 for VIL time and the slot duration for a given numerology, i.e. N=⌈VIL/slot_dur⌉ for sync condition and N=⌈VIL/slot_dur⌉ +1 for async condition
Proposal5: per UE NCSG doesnot consider the patterns of legacy MGs with IDs 2-3. (0-1 are recommended)
Proposal5.1: per FR1 NCSG doesnot consider the patterns of legacy MGs with IDs 2-3 and 6-11. (0/1/4/5 are recommended)
Proposal5.2: per FR2 NCSG doesnot consider the patterns of legacy MGs with IDs 20-23. (12-19 are recommended)
Proposal6: Expanding the NR IE NeedForGapsNR::gapIndication to include the enumerated values {ncsg, nogap-noNcsg} for clarity.
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2> if (NG)EN-DC is configured:
3> if the UE is configured with fi/-Gap set to TRUE:
4> apply the gap configuration for LTE serving cells and for NR serving cells on FR1;
3> else:

4> apply the gap configuration for all LTE and NR serving cells;
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PerCC-Gaplndication information elements

-- ASN1START
PerCC-GapIndicationList-rl4

SEQUENCE (SIZE (1..maxServCell-r13)) OF PerCC-GapIndication-rld

PerCC-GapIndication-rl4 ::= SEQUENCE {
servCellId-rld ServCellIndex-rl3,
gapIndication-rl4 ENUMERATED {gap, ncsg, nogap-noNcsg}

}

-- ASN1STOP
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