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1 Introduction
In RAN2#107, RAN2 discussed whether to introduce the NeedForGap capability signaling in REL-16 in TEI-16 WI. 

Need for measurement gaps
R2-1909140	Discussion on measurement gap capability	MediaTek Inc.	discussion	TEI16
-	Huawei is in general supportive of the intention but think details need discussion.
-	Softback support the proposal 
-	ZTE agree the intent but wonder if this is for just inter-freq or also intra-freq. MediaTek's intention is inter-freq.
-	Intel think there is scope to improve but the problem is complex.
-	Qualcomm also support this direct but think we learned from LTE that the approach results in very large overhead and we should do a simplified approach.
-	Vivo support the need to do this 
-	Samsung also have the same view that this is needed but think the only think feasible in R16 is to use the LTE static approach. 
-	Ericsson also support this but in LTE we found it was not used much as all UEs needed gaps.
-	DOCOMO are also supportive but have similar concern as Ericsson based on experience in the field.
-	OPPO support the intention.
=>	There is support to provide need for gaps information to the network in TEI16 (details/CRs to be discussed in next meeting)

The conclusion is that RAN2 has intention to introduce the NeedForGap signaling in REL-16. However, more details need to be further discussed. 
· Which 5G architectures (NR SA, EN-DC, NR-DC…) we are targeting for?
· What kind of measurement target (Intra-freq. or inter-freq. NR measurement, LTE measurement) requires this signaling?
· How to report the capability?

The paper collect companies’ view on this topic and propose a way forward for this NeedForGap signaling in REL-16.
2 Discussion
2.1 Background
RAN2 decides NOT to have needForGap signalling in REL-15. As a consequence, the measurement gap is always provided for the following cases.
· NR Inter-RAT measurement in LTE SA
· NR Inter-RAT or Inter-Freq. measurement in (NG)EN-DC
· NR Inter-Freq. measurement in NR SA
· NR Inter-Freq. measurement in NR-DC, and NE-DC
· LTE Inter-RAT. measurement in NR SA
· LTE Inter-Freq. measurement in (NG)EN-DC
· LTE Inter-RAT or Inter-Freq. measurement in NR-DC and NE-DC

For NR intra-frequency measurement, the current rule is that gap is required if current BWP (other than initial BWP) does not include the concerned SSB.

Since RAN2 has intention to define the measurement gap capability in REL-15. The first step is to define which cases we are targeting for. Then we can discuss how to provide the signalling.

Currently, there are basically 3 possible way to report the measurement gap capability
· Option 1 - Static approach 
· As legacy LTE, needForGap signalling is defined per band combination per supporting band
· Option 2 - Static approach with FR1/FR2 grouping 
· Simplified method as proposed in [1]
· Per UE or Per BC for FR2 measurement
· Per BC for FR1 measurement 
· Option 3 - Dynamic approach
· The UE reports the gap capability corresponding to the current band combination in the RRC Reconfiguration Complete message. (as show in the following picture)
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RAN2 has to decide which method to use.

The first intention is trying to prioritize some scenario so that we can complete this in limit time scope of TEI-16. Even if companies want to support all scenario, it would be good to identify some priority between different scenarios.

[bookmark: _MON_1289914521]2.2 NR intra-frequency measurements
For NR intra-Frequency, RAN4 specification (38.133 9.2.1) has defined the gapless rule as follows

The UE can perform intra-frequency SSB based measurements without measurement gaps if
-	the SSB is completely contained in the active BWP  of the UE, or
-	the active downlink BWP is initial BWP[3].
During the online discussion in last meeting, some companies asking whether we also need NeedForGap signalling for NR intra-frequency. However, it is unclear how does current methods (static or dynamic approach) works if the capability is changed according to active BWP. Note that in legacy LTE, the NeedForGap does not apply to intra-frequency measurement.

Question 1: Do companies agree to introduce NeedForGap for NR intra-frequency measurement in REL-16? If yes, how to report the NeedForGap capability for NR intra-frequency?

	Company
	Yes/No
	Comments

	Huawei
	Yes
	From our perspective, the NeedForGap does not need to differentiate between inter-frequency and intra-frequency. For each target band, the UE uses one “NeedForGap” field (e.g. BOOLEAN type) to indicate whether gaps are needed.
If the field indicates gaps are not needed (e.g. false), which is probably because UE has an unoccupied RF receiver, then for both inter and intra frequency measurements, gaps are not needed.
If the field indicates gaps are need (e.g. true), then for inter-frequency, gaps are definitely needed. Whereas for intra-frequency, whether the intended SSB is included in active BWP still needs to be considered. If the SSB is contained in the active BWP, UE is able to perform measurement without gaps.
To summarize, inter-frequency measurement only references the NeedForGap field, while intra-frequency measurement can be gapless as long as one of the following is satisfied:
1) NeedForGap field is set to false;
2) The SSB is completely contained in the active BWP of the UE, or the active downlink BWP is initial BWP.

	ZTE
	Not sure
	As indicated by Rapporteur, currently, gap is not needed when the measured intra-freq SSB is located within UE’s active BWP. In addition, in TS38.300, we have the following description:
-	For SSB based intra-frequency measurement, a measurement gap configuration is always provided in the following case:
-	Other than the initial BWP, if any of the UE configured BWPs do not contain the frequency domain resources of the SSB associated to the initial DL BWP.
In our understanding, in Rel-15, although gap should be provided when at least one configured dedicate BWP does not contain the SSB, the network can still schedule UE during gap period whenever the active BWP is initial BWP. 
So if “NeedForGap” can be introduced for intra-freq measurement, the meaning would be “to indicate whether gap is required when the SSB is NOT contained within the active BWP of the UE.” So far, we are not sure whether such kind of UE could be supported in realistic? If not, then introducing “NeedForGap” for intra-freq case would be meaningless. If it is possible, then we are happy to support it, and only one bit per-band would be sufficient.  

	Nokia
	Yes
	We agree to support NeedForGap for NR intra-frequency measurement. UE should determine Measurement gap needed or not based on both NeedForGap field value and RAN4 specification (i.e. considering SSB is completely contained in the active BWP  of the UE, or the active downlink BWP is initial BWP. )
The NeedForGap capability report for NR intra-frequency is same as inter-frequency.

	NTT DOCOMO
	No
	If the condition of gapless measurements is extended beyond Rel-15, would it require RAN4 to specify another performance requirement? Given the limited schedule in Rel-16, RAN2 should focus on the cases not supported so far. For intra-frequency case, it would be enough, as long as there is one case not requiring the measurement gap. 

	MediaTek
	No
	It is unclear to us why it is important to have intra-frequency NeedForGap capability. We understand that in most case a configured BWP will include the SSB of serving cell. The UE could already perform gapless measurement for this kind of BWP and also for initial BWP. 
Thus, we think there is no need to complicate the problem by having additional NeedForGap signalling for intra-frequency measurement.
 

	
	
	

	
	
	

	
	
	




2.3 NR inter-frequency or inter-RAT measurements
Regarding to NR inter-frequency or inter-RAT measurements, RAN2 has to consider the NeedForGap capability for different architecture including LTE SA, (NG)EN-DC, NR SA, NR-DC, and NE-DC. Companies are invited to provide their view on whether NeedForGap capability is required and which method is preferred for each architecture. 

Question 2: Do companies agree to introduce NeedForGap for NR inter-RAT measurement in LTE SA in REL-16? 

	Company
	Yes/No
	Comments

	Huawei
	Yes
	

	ZTE
	Yes
	

	Nokia
	Yes
	

	NTT DOCOMO
	Yes
	

	MediaTek
	Yes
	

	
	
	

	
	
	

	
	
	



Question 3: If the answer of Q2 is “Yes”, which option is preferred?
· Option 1 - Static approach 
· NeedForGap signalling is defined per band combination per supporting band
· See [3] for example CR
· Option 2 - Static approach with FR1/FR2 grouping [1]
· Per UE or Per BC for FR2 measurement
· Per BC for FR1 measurement 
· Option 3 - Dynamic approach

	Company
	Preferred Option
	Comments

	Huawei
	1 or 3
	LTE has already adopted the static approach for 4G/3G measurements, so we slightly prefer Option 1. However, Option 3 is also ok for us.

	ZTE
	2
	LTE spectrum belongs to FR1 range. In Rel-15, gap is not required if the UE supports per-FR gap and the network configures the UE measure on FR2 frequencies.
So here, for FR2 measurement, we think it is possible that gap is not needed even if the UE does not support per-FR gap, and as indicated in [1], UE can indicate the capability irrespective of LTE band or BC. 
For FR1 measurement, the situation may be similar to E-UTRAN inter-frequency measurement. If we understands correctly, the second bullet in Option2 means “NeedForGap” is indicated “per target measured NR FR1 band” under each LTE BC. 

	Nokia
	1
	We prefer option1 which is same as 4G measurements.

	NTT DOCOMO
	FFS
	Given the fact that the “NeedForGap” capability was not so successful for LTE in the real field, we need to more time to analysis the reason of the LTE experience and better solution to make it successful.

	MediaTek
	1 or 3
	Dynamic approach is more flexible if UE is allowed to report its NeedForGap capability in each Reconfiguration Complete message (i.e. not just the complete message that add/release SCell). Whether UE could perform gapless measurement is not only depends on the current band combination but also other L1 parameters that may occupy some baseband resource (e.g. number of MIMO layers). Thus, dynamic reporting in each Complete message will make the feature more useful. 

On the other hand, we are also fine to have static approach if companies think it is simpler (also static approach already been used in LTE). But the UE may set NeedForGap to TRUE in most of the time unless it could support gapless measurement in all kind of L1 configuration in this BC.

	
	
	



For (NG)EN-DC, the NR measurement could be inter-frequency or inter-RAT depending on which node configures the measurement. However, from measurement gap perspective, it doesn’t matter whether the target NR is inter-frequency or inter-RAT. The UE simply claims whether it requests a gap to measurement a NR band under certain EN-DC band combination.  

Question 4: Do companies agree to introduce NeedForGap for NR inter-RAT or inter-frequency measurement in (NG)EN-DC in REL-16? 

	Company
	Yes/No
	Comments

	Huawei
	Yes
	

	ZTE
	Yes
	

	Nokia
	Yes
	

	NTT DOCOMO
	Yes
	

	MediaTek
	No
	It will be more difficult for UE to support gapless after DC is configured. Even if we introduce this new capability, we are not so sure how many UE are able to set this bit to FASLE. Thus we think there is no strong need to have this in Rel-16.

	
	
	

	
	
	

	
	
	



Question 5: If the answer of Q4 is “Yes”, which option is preferred?
· Option 1 - Static approach 
· NeedForGap signalling is defined per band combination per supporting band
· Option 2 - Static approach with FR1/FR2 grouping [1]
· Per UE or Per BC for FR2 measurement
· Per BC for FR1 measurement 
· Option 3 - Dynamic approach

	Company
	Preferred Option
	Comments

	Huawei
	Depends on which node configures the measurement
	If the measurement is configured by NR SN, it is up to NR SN whether gaps are needed and Option 3 is preferred.
If the measurement is configured by LTE MN, it is up to LTE MN whether gaps are needed. We have no strong preference in this case, both Option 1 and Option 3 are ok. Option 1 is slightly preferred because LTE spec has already adopted the static approach.

	ZTE
	Not sure
	Based on RAN4 spec, if MN(LTE) configures inter-RAT measurement on  NR serving frequencies, from UE perspective, the UE can still treat it as “NR intra-frequency measurement”,  then the gap requirement will still based on the active BWP of PSCell or SCell in SCG, which makes the situation more complex. 
In addition, we noticed that RAN4 has agreed a WI which includes the following gap enhancement:
· Inter-frequency measurement requirement without MG
·  RRM requirements for inter-frequency measurement without MG when the SSB is completely contained in the active BWP of the UE

Which means even for NR inter-frequency measurement (e.g. it could be MN configured inter-RAT measurement), the gap requirement may also vary upon active BWP change. 

So we doubt about the feasibility of pure static approach. If the UE can only indicate “No Gap” capability for a few BCs in static way (e.g. EN-DC operates on FR1, target measured freq is FR2), then the feature may lose value in practise. 
Regarding the dynamic approach, in LTE, after receives the measurement configuration, the UE reports gap requirement in RRC response messages. However, it seems the mechanism cannot be simply reused here if the gap requirement relates to the location of active BWP, and BWP switching can be done via DCI. 
So currently, we think the static approach (e.g. option2) might be useful/applicable for some BCs, while dynamic approach is still needed for at least intra-band intra/inter-frequency measurements (e.g. the measured target band belongs to the BC of EN-DC) if we want to improve performance as much as possible.

	Nokia
	1
	We prefer option1 which is same as 4G measurements. We are open if RAN4 think some additional enhancement needed for static approach.
For Option3, we think measurement latency delay issue may cause failure of measurement as well as mobility.

	NTT DOCOMO
	FFS
	Given the fact that the “NeedForGap” capability was not so successful for LTE in the real field, we need to more time to analysis the reason of the LTE experience and better solution to make it successful.

	MediaTek
	FFS
	We think NeedForGap in MR-DC scenario is not so useful and is much more complicate than SA case. We also think that it will be strange to have 2 different solution (one of MN and one for SN). There is no doubt that MR-DC case requires much more discussion to finalize the signalling.

Regarding to the new RAN4 agreement pointed out by ZTE
· Inter-frequency measurement requirement without MG
·  RRM requirements for inter-frequency measurement without MG when the SSB is completely contained in the active BWP of the UE

We understand that this is a special case for NR intra-band inter-freq measurement (whether capability bit is required is up to RAN4). We should treat this separately with the general NeedForGap signalling.

In general, if a UE reports NeedForGap=FASLE for a BC dynamically, it means that it could perform the gapless measurement (to a particular target band) in all current configured BWP. We prefer not link the NeedForGap to current active BWP which would be super complicate in the signalling design.


	
	
	



Similar questions for NR SA.

Question 6: Do companies agree to introduce NeedForGap for NR inter-frequency measurement in NR SA in REL-16? 

	Company
	Yes/No
	Comments

	Huawei
	Yes
	

	ZTE
	Yes
	

	Nokia
	Yes
	

	NTT DOCOMO
	Yes
	

	MediaTek
	Yes
	

	
	
	

	
	
	

	
	
	



Question 7: If the answer of Q6 is “Yes”, which option is preferred?
· Option 1 - Static approach 
· NeedForGap signalling is defined per band combination per supporting band
· Option 2 - Static approach with FR1/FR2 grouping
· Per UE or Per BC for FR2 measurement
· Per BC for FR1 measurement 
· Option 3 - Dynamic approach

	Company
	Preferred Option
	Comments

	Huawei
	3
	Static approach leads to much signalling overhead, so Option 3 is preferred.

	ZTE
	Not sure
	Similar comments as Q5. 

	Nokia
	1
	The concern of signalling overhead (big message size) of static approach can be eased by band filter frequencyBandListFilter in UE capability enquiry message as well as optimizations on UE radio capability signaling on new REL-16 WI (RP-190657), such as UE capability ID or Segmentation of UE Radio Capability signalling at RRC.

	NTT DOCOMO
	FFS
	Given the fact that the “NeedForGap” capability was not so successful for LTE in the real field, we need to more time to analysis the reason of the LTE experience and better solution to make it successful.

	MediaTek
	3
	Please also see our comment in Q5 that we think RAN4 agreement should be treated separately with this general NeedForGap signalling.

Although we agree with Nokia that size is not the concern for this capability signalling, the static approach may not be so useful. As our comment in Q3, “Whether UE could perform gapless measurement is not only depends on the current band combination but also other L1 parameters that may occupy some baseband resource”.

Thus, dynamic reporting in each complete message is preferred.

	
	
	



Similar questions for NR-DC and NE-DC. Also it seems reasonable for NR-DC (and NE-DC) to use the same approach as in NR SA if intended to have NeedForGap.
 
Question 8: Do companies agree to introduce NeedForGap for NR inter-frequency measurement in NR-DC or NE-DC in REL-16? 

	Company
	Yes/No
(NR-DC)
	Yes/No
(NE-DC)
	Comments

	Huawei
	Yes
	Yes
	

	ZTE
	Yes
	Yes with low priority
	

	Nokia
	Yes
	Yes
	

	NTT DOCOMO
	Yes
	Yes
	

	MediaTek
	No
	No
	It will be more difficult for UE to support gapless after DC is configured. Even if we have this capability now, we are not so sure how many UE are able to set this bit to FASLE. Thus we think there is no strong need to have this in Rel-16. 

	
	
	
	

	
	
	
	

	
	
	
	



Question 9: If the answer of Q8 is “Yes” for either NR-DC or NE-DC, which option is preferred? 
· Option 1 - Static approach 
· NeedForGap signalling is defined per band combination per supporting band
· Option 2 - Static approach with FR1/FR2 grouping
· Per UE or Per BC for FR2 measurement
· Per BC for FR1 measurement 
· Option 3 - Dynamic approach
· Option 4 – Same as in NR SA


	Company
	Preferred
Option 
(NR-DC)
	Preferred 
Option 
(NE-DC)
	Comments

	Huawei
	3
	Depends on which node configures the measurement
	For NR-DC, the measurements are configured by NR nodes. NR spec is referenced to determine whether gaps are needed, so it’s better to keep the solution aligned with NR SA scenarios, e.g. dynamic approach is used.
For NE-DC, the answer is the same as Question 5.

	ZTE
	Not sure
	Not sure
	Similar comments as Q5. 

	Nokia
	1
	1
	Similar comments as Q5.

	NTT DOCOMO
	FFS
	FFS
	Given the fact that the “NeedForGap” capability was not so successful for LTE in the real field, we need to more time to analysis the reason of the LTE experience and better solution to make it successful.

	
	
	
	

	
	
	
	



2.4 LTE inter-frequency or inter-RAT measurements
For LTE measurement, the static approach with FR1/FR2 group does not exist. Basically, only 3 alternatives available so far:
· Option 0 – Keep current behavior (No new signalling, gap always provided)
· Option 1 – (Static approach) Define NeedForGap signalling per band combination per supporting band
· Option 3 – (Dynamic approach) Reporting NeedForGap via reconfiguration complete

Question 10: What is your view on introduction of NeedForGap for LTE inter-frequency measurement in (NG)EN-DC in REL-16? 
· Option 0 – Keep current behavior (No new signalling, gap always provided)
· Option 1 – (Static approach) Define NeedForGap signalling per band combination per supporting band
· Option 3 – (Dynamic approach) Reporting NeedForGap via reconfiguration complete

	Company
	Preference
	Comments

	Huawei
	Depends on which node configures the measurement
	If the measurement is configured by NR SN, it is up to NR SN whether gaps are needed and Option 3 is preferred. We prefer to use dynamic approach in NR spec regardless of whether it is intra-RAT measurement or inter-RAT measurement.
If the measurement is configured by LTE MN, it is up to LTE MN whether gaps are needed. We have no strong preference in this case, both Option 1 and Option 3 are ok. Option 1 is slightly preferred because LTE spec has already employed the static approach.

	ZTE
	Option1
	It seems RAN4 didn’t say the gap requirement of LTE measurement may relate to UE’s active BWP in NR, so it seems fine to use static approach to indicate the gap requirement as in LTE. 
However, based on LTE experience, if the UE rarely set “NeedForGap” capability to false, we prefer to do nothing (to avoid introducing the complex signalling structure). Or another way (to reduce signalling overhead), the UE only indicates the “BC(s) + measured band” that does not requires gap.

	Nokia
	Option1
	We prefer option1 which is same as 4G measurements.

	NTT DOCOMO
	FFS
	Given the fact that the “NeedForGap” capability was not so successful for LTE in the real field, we need to more time to analysis the reason of the LTE experience and better solution to make it successful.

	MediaTek
	Option 0
	As pointed out ZTE, there is not so many UEs that support gapless LTE measurement in TLE SA mode. We think it would even less possibility to support gapless after MR-DC is configured. Thus, we think there is no need to complicate the problem by have this additional signalling.

	
	
	

	
	
	

	
	
	




Question 11: What is your view on introduction of NeedForGap for LTE inter-RAT measurement in NR SA in REL-16? 
· Option 0 – Keep current behavior (No new signalling, gap always provided)
· Option 1 – (Static approach) Define NeedForGap signalling per band combination per supporting band
· Option 3 – (Dynamic approach) Reporting NeedForGap via reconfiguration complete

	Company
	Preference
	Comments

	Huawei
	3
	It is simple to include both intra-RAT NeedForGap per target measurement band and inter-RAT NeedForGap per target measurement band in the RRCReconfigurationComplete message.

	ZTE
	1
	Similar comment as Q10.

	Nokia
	1
	Same as Question 7.

	NTT DOCOMO
	FFS
	Given the fact that the “NeedForGap” capability was not so successful for LTE in the real field, we need to more time to analysis the reason of the LTE experience and better solution to make it successful.

	MediaTek
	Follow the result of Q7
	We prefer to have the same mechanism for NeedForGap reporting in NR SA. We are OK to use either static or dynamic approach depending on the conclusion of NR inter-frequency measurement in NR SA.

	
	
	

	
	
	

	
	
	




Question 12: What is your view on introduction of NeedForGap for LTE inter-RAT or inter-frequency measurement in NR-DC or NE-DC in REL-16? 
· Option 0 – Keep current behavior (No new signalling, gap always provided)
· Option 1 – (Static approach) Define NeedForGap signalling per band combination per supporting band
· Option 3 – (Dynamic approach) Reporting NeedForGap via reconfiguration complete

	Company
	Preference
(NR-DC)
	Preference
(NE-DC)
	Comments

	Huawei
	3
	Depends on which node configures the measurement
	For NR-DC, the measurements are configured by NR nodes. NR spec is referenced to determine whether gaps are needed, so it’s better to keep the solutions aligned, e.g. dynamic approach is used.
For NE-DC, the answer is the same as Question 10.

	ZTE
	1
	1
	Similar comments as Q10.

	Nokia
	1
	1
	Similar comments as Q7 and Q10. 

	NTT DOCOMO
	FFS
	FFS
	Given the fact that the “NeedForGap” capability was not so successful for LTE in the real field, we need to more time to analysis the reason of the LTE experience and better solution to make it successful.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




2.5 Others
Any other related question or comments that companies would like to discuss.

	Company
	Comments

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





3 Conclusions	
Base on the discussion in section 2, companies does not really converge on how to introduce this NeedForGap signaling and thus further discussion is required.

Several observations:
Observation 1: The legacy NeedForGap signaling in LTE seems not useful as most UE set NeedForGap to TRUE.

Observation 2: In MR-DC, it is unclear that whether different signaling is required for MN and SN configured measurement.

Observation 3: It is unclear whether the RAN4 agreement on gapless intra-band Inter-frequency NR measurement has impact on the NeedForGap signaling design.

Considering the complex signaling design based on above observations. It may be good to down scope a little bit to see if we could have some consensus. The standalone case will be easier to discuss. However, some companies also strong desire to have NeedForGap in EN-DC. 

Proposal 1: RAN2 targets to define the NeedForGap signaling for the following scenarios
· NR Inter-RAT measurement in LTE SA
· NR Inter-Frequency measurement in NR SA 
· LTE Inter-RAT measurement in NR SA
· FFS: NR Inter-RAT or Inter-Frequency measurement in (NG)EN-DC

Then RAN2 could further study on how to define this signaling focus on above scenarios. If the solution still not converge, we may have to postpone the design to next release.
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