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1 Introduction
In RAN2#108, RAN2 discussed how to define the NeedForGap capability signaling in REL-16 and has the following agreement. 

R2-1914580	Measurement gap capability information for Rel-16 UE	Intel Corporation	discussion	Rel-16	TEI16
For Release-16, if both the network and UE support such capability reporting, the measurement gap requirement information for NR target is reported back by the UE in the UE response to a NW configuration RRC message where this is reported based on the resultant configuration. 
Assumption: UE report NeedForGap capability for supported NR bands 

The paper is the report of e-mail discussion #58.

[108#58][TEI16] NeedForGap Signaling (MTK)
Scope: arrive at agreeable CRs
	Intended outcome: Agreeable CRs, If remaining open issues also a report
	Deadline:  2020-01-30

This discussion is divided into two phase.
· Phase 1 – To discuss the open issues of NeedForGap (Deadline:  2020-01-21)
· Phase 2 – To discuss the draft CRs (Deadline:  2020-01-30)
2 Discussion
2.1 Confirm the assumption
First, the current agreement specifies that the UE reports the “measurement gap requirement information for NR target”. Thus the rapporteur assume that LTE targets are not included in this design and would like to confirm with other companies.

Question 1: Do companies agree to define R16 NeedForGap signalling only for NR targets (i.e. For LTE measurement, the NW always configures gap as in REL-15)?  

	Company
	Yes/No
	Comments

	MediaTek
	Yes
	We understand the NR measurement is more important use case than LTE. Considering the limited time in TEI-16, focus on NR measurement is reasonable to us. 

	Huawei
	No strong preference
	Agree with MediaTek that we can start from NR measurement. However, the LTE measurement can also be considered because it is not a matter of introducing new mechanisms. Adding NeedForGap indicators for inter-RAT bands alongside intra-RAT bands won’t cause much signalling change. Using the same mechanism for NR target bands and LTE target bands seems to make the spec more easily understood.

	LZTE
	Yes
	We agree that NR measurement should be considered as high priority. 
If time allows, we are open to discuss LTE case.  

	Deutsche Telekom
	Yes
	We agree with Rel-16 NeedforGap for NR targets considering the limited time.

	Intel
	No strong preference
	Our view is similar to Huawei’s. The intention is to base the signalling on this framework for later releases and so we do not necessarily have to skip LTE. 

	DOCOMO
	No strong preference
	Although the NR measurement is the first target, we incline to the view from Huawei and Intel that the solution can be generic, which is applied for LTE later, as well.

	Nokia
	No strong preference
	We agree to support NR targets first considering the limit time in TEI-16.
However, we understand for UEs in NR SA, it is a common case to handover from NR to LTE or EN-DC coverage considering NR SA will be deployed step by step.

	NEC
	Yes
	agree with MediaTek

	QCOM
	No strong preference
	 Ultimately we need to support both this feature on both (LTE and NR), however NR is more critical than LTE for the time being.

	CATT
	No strong perference
	We can work on NR first. But it seems not quite hard to extend to LTE, as some companies already pointed out.

	Apple
	No strong preference
	It’s better to support LTE and EN-DC, but we are also fine to prioritize SA.



[Summary of Q1]
Majorities do not have strong view on introduction of NeedForGap for LTE measurement but agree to prioritize the NR measurement first. Thus the proposed 38.331 CR will consider NR measurement first.    

Proposal 1: Define R16 NeedForGap signalling for NR targets and consider LTE targets if time allows.


And we would like to confirm the assumption about “UE report NeedForGap capability for supported NR bands”. Based on the online discussion, some companies seems misunderstood the dynamic approach proposed in [1]. The UE does not just report a single bit saying whether gap is needed. It should report a bitmask corresponding to all supported NR bands so that the NW does not have to get the new capabilities every time a measurement object is added or released. 

Question 2: Do companies agree that the UE reports whether gap is needed for each supported NR (target) band in the RRC Reconfiguration Complete message (i.e. at least a bitmask is required for all supported NR band)?  

	Company
	Yes/No
	Comments

	MediaTek
	Yes
	Our intention is to change the legacy design (i.e. reporting NeedForGap per target band per band combination) to dynamic reporting of NeedForGap per target band based on “current” band combination and other L1 parameters.  
It seems not so nice that the NW has to get new capability every time the MO is reconfigured.

	Huawei
	Yes
	If the capability is reported after the reception of MO, the measurement procedure will be delayed, because UE cannot perform measurement until the required gap is configured. Agree with MediaTek that UE reports whether gaps will be needed per target band based on current band combination and other possible configuration.

	ZTE
	Yes
	Agree with this upgraded signalling. Then network has more priori knowledge before configuring/modifying measurements. 

	Deutsche Telekom
	Yes
	Agree with ZTE.

	Intel
	Revisit the assumption?
	From both the UE and the NW perspective, if the UE needs a gap for a particular band, while not needing the gap for any other band the UE supports, the UE requires a meas gap and expects NW to configure it.  

So unless we have many bands which do not require gap, while only very few which requires, the configuration results in a gap at the UE. From this perspective, we are wondering on the efficiency of the NW knowing gap requirement for all the bands the UE supports (signalling size and usage of this signalling).

We are assuming that the need for gap requirement at the UE for a band does not change if the band combination does not change. This might not be the case always (For eg in intra-band non-contiguous case with certain frequency separation class, or if the BWP switch results in serving cell SSB not being present in the active BWP or when Rel-17 multiSIM comes in). The UE would have to report pessimistically here anyway.
[MTK] Unless we want to have super dynamic reporting mechanism considering the configuration changed by DCI and MAC CE, the UE has to report base on RRC configuration conservatively. Single bit reporting does not make the reporting more optimistic.


The number of bands are increasing in NR (and will do so in release independent manner) and so the signalling may get complex for older/newer UEs with support of various bands.

And the UE and the NW might have to keep track of what the status of the gap info per band at handovers and across suspension/resumptions (this might be not needed, but we have not concluded on this).
[MTK] We could report the capability in Resume Complete and handover complete message. There is no need for NW to keep track of the status.

In most of the cases the UE would require a gap, and only in certain configurations (or areas) depending on the band deployment, the UE might not need a gap, and it’s appears to be simpler (and future proof) to have the UE just report whether it needs a gap (and may the type of gap) rather than provide detailed information on situations/bands where the gap requirement might change (even when the gap might still be needed, due to the configuration of other meas objs for other bands).

We also the issue of FBI topic, which was raised by ZTE below.

From this perspective, we think we should re-assess if detailed configuration needs to be signalled by the UE.

If it’s just about informing the NW if the gap is needed or not, we can use this in many UL messages from the UE (RRCSetupComplete etc..) where the UE can request the NW that a gap is needed (or not) without any security impact as well. 

We request companies to re-assess before making a decision.

[MTK] Although we agree that single bit is simpler but we do not really think it is harmful to provide enough information to the NW. It may be a little bit complicate and increase the size of response message, but it could also reduce the measurement delay. Reporting the capability also based on measurement configuration is too dynamical in our view. We considering that current assumption is a good tradeoff between capability size reduction and reporting flexibility.


	DOCOMO
	No
	Basically agree with Intel. If the need for gap is reported per frequency band (not per-CC, unlike LTE), would it be most likely static and so enough to be reported at once? In that sense, the conventional reporting mechanism seems sufficient, i.e. the need for gap indication in the UE capability signalling. For non-CA case, it is reasonable for NW to learn the need for gap per frequency band supported by the UE. For CA case, although the same signalling as in LTE CA is a candidate, Intel proposal, i.e. one bit indication for need of gap per band combination would be a viable solution to make it simpler and easier to implement in reality.

[MTK] The main difference between legacy method and proposed solution are
· It is reported based on current band combination only and thus it could largely reduce the size.
· The UE could also update the capability on change of L1 parameters so it increases the flexibility.
We think that changing of measurement targets is more frequently than changing of band combination. Thus it is more suitable to report the capability for all target band to reduce the measurement delay.


	Nokia
	No
	We understand why RAN2 introduce new dynamic NeedForGap signaling procedure is that, whether UE could perform gapless measurement 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) as pointed out in R2-1914914. It will be good to ask RAN4 to clarify the key aspects (e.g. L1 parameters or others) to be considered for NeedForGap signalling design. Otherwise, we have the similar view as DOCOMO, static method in legacy capability enquiry/information messages is enough.

[MTK] We agree to inform RAN4 the NR NeedForGap signalling design but we don’t think we have to wait RAN4’s confirm on this.  RAN2 already agrees to use dynamic reporting in last meeting. We hope to progress the issue further without going back to re-discuss again the basic approach.


	NEC
	
	We need some clarifications based on explanations from MediaTek proposal, i.e. the reporting based on the “current” band combination, which we understood as follows:
- Upon RRC Reconfiguration without CA config (i.e. no SCell), the NeedForGap indicates whether the gap is needed between the PCell and each of all supported NR bands.
- After a while, the CA may be configured. In this case, the UE reports the NeedForGap indicating whether the gap is needed for each of all supported NR bands considering the configured band combination.
- Later, the band combination may be changed. Then, the UE again reports the NeedForGap indicating whether the gap is needed for each of all supported NR bands considering the updated (new) band combination. 

Given the understanding above is correct basically, there may be some other cases where the reporting may be necessary. E.g., reporting is needed for fallback band combination, when changed to it? How much does the UE take into account the updates for L1 parameters (in other words, how it could happen upon RRC reconfiguration potentially)? All these should be clarified first..

[MTK] The above understanding is correct.
“reporting is needed for fallback band combination, when changed to it?”  Yes, every time the band combination is changed, the UE shall update the new capability to the NW. It doesn’t matter whether the new BC is a fallback BC.

“How much does the UE take into account the updates for L1 parameters (in other words, how it could happen upon RRC reconfiguration potentially)?”  Basically, the needForGap capability mainly depends on band combination. Whether additional L1 parameters is taken into account is highly depends on UE implementation (So far we understand only Maximum MIMO layer may affect the capability). But anyway, the UE has to report the new capability to the NW if it is changed.


	QCOM
	Yes with new proposal
	We agree with the proposal, and as additional details, we want to have 2 bitmasks one for FR1 and the other for FR2. 
in addition we would like to add the flexibility for the UE to inform the network if gaps is not required for all bands by using a Boolean bit. As an example:
· Gap not required for all FR1 bands  TRUE/FASLE (Boolean)
· If false bitmask will be provided for FR1
· Gap no required for all FR2 bands TRUE/FASLE (Boolean)
· If false bitmask will be provided for FR2

[MTK] We are open for the proposals and would like check with other companies view on phase 2 discussion,

	CATT
	Yes
	Agree with ZTE.

	Apple
	Yes
	Agree with QCOM.



[Summary of Q2]
7 companies agree to report the signalling for each NR band. 2 companies prefer to use single bit to indicate whether gap is needed. One company requests to confirm with RAN4 otherwise fallback to static report (legacy way). One company want to have further clarification. We has put inline response below some companies’ comment. As we already agreed the assumption to report the signalling for each NR band in last meeting and majorities still prefer doing this, the rapporteur suggests to confirm the assumption.

Proposal 2: The UE reports whether gap is needed for each supported NR (target) band in the response RRC message based on the resultant configuration.


[bookmark: _MON_1289914521]2.2 Details on UE reporting
In this section, we discuss more details on what and when the UE should report this NeedForGap signalling. The discussion is for NR SA first (i.e. for NR Inter-Freq. measurement in NR SA). The LTE parts and MR-DC impact will be discussed later.

The current agreement saying that the NeedForGap capability is reported by the UE “in the UE response to a NW configuration RRC message”. We think that the new NeedForGap signalling should at least be introduced in the RRC Reconfiguration Complete message. It is however unclear that whether the new signalling should also be included in Resume Complete, Setup Complete, and/or Re-establishment Complete message.

Question 3: In which RRC response message(s) the UE could report the NeedForGap information of NR target bands?
· Option 1 – The information is only included in the RRC Reconfiguration Complete message
· Option 2 – The information could also be included in RRC Setup complete, RRC Re-establishment Complete, or RRC Resume Complete message? (Please specify which message(s) to include the signaling.)
· Option 3 – In the UECapabilityInformation message

	Company
	Prefer Option
	Comments

	MediaTek
	Option 1
	Since setup and re-establishment only establish/resume SRB1, the RRC Reconfiguration procedure is required after both Setup and Re-establishment procedure. We also understand that it is necessary to have a reconfiguration message after Resume. Considering that the capability may change again after later reconfiguration procedure, it is not essential to report this capability too early. Thus simple solution is preferred.  

	Huawei
	Option 1
	RRCSetupComplete is sent before AS security activation, so it is not reasonable to include this capability in RRCSetupComplete message.
For simplicity, we prefer Option 1.

	ZTE
	Option 1 and RRC Resume Complete
	We are not sure if RRCResume must be followed by RRCReconfiguration message, as in NR, RRCResume message can provide any configuration to UE (e.g. measurements, DRB, SCell/SCG configuration).
So we prefer to consider both RRCReconfigurationComplete and RRCResumeComplete message. 
For other messages, we did not see the motivation to support it. 

	Deutsche Telekom
	Option 1
	We prefer Option 1 for simplicity.

	Intel
	Option 1 with RRCResume if we stick to UE reporting per band.. but Option 2 if we just report whether UE needs a gap or not…
	

	DOCOMO
	Option 3
	See our comment to Q2

[MTK] We understand the proposal is to use legacy static approach (i.e. reporting the NeedForGap per target band per band combination). RAN2 decides to use dynamic reporting in last meeting, we do not see strong reason to re-discuss the basic approach. Hope that we can move forward and stick on original agreement.

	Nokia
	Option 1 and RRC Resume Complete
	Same view as ZTE.

	NEC
	Option 1
	Given new mechanism is to be introduced (different from LTE), this is the simplest approach. 
For RRC resume complete as pointed out by ZTE, this seems valid. On the other hand, it can be further confirmed once the solution is agreed. (but if companies have sufficient confidence, we are also OK.)

	QCOM
	Option-1 + Option-3 
	Option-3 can provide some benefit by avoiding multiple RRC messages to reconfigure the measurement gaps. So instead of having 2 RRC reconfiguration transactions one to query the UE and the other to reconfigure the measurement gaps, the gap configuration can take place while setting up the SRB2/DRB. Another example if Boolean type signaling is agreed on (our proposal in Q2) e.g. single flag that indicates that all FR2 are gapless, than UE capabilityInformation message is enough to convey the capability to network . 

[MTK] Not sure the proposed change in UEcapabilityInformation is to report the capability for all supported BC or report the capability for current BC. The former case is legacy static approach that violates current agreement. The latter case may provide some gain but we think that it is quite minor.

	CATT
	Option 1
	Agree with MTK.

	Apple
	Option 1 and RRCResumeComplete
	As mentioned by companies, RRCsetupcomplete message is before the AS security activation, thus the needforGap should not be carried in this message.
Since RRCResume message can be used for MCG/SCG config, we believe RRCResumeComplete message would better to contain the needforGap indication.



[Summary of Q3]

Almost all companies agree to report the capability in RRC Reconfiguration complete. There are considerable support to also report this is Resume Complete. The rapporteur suggests to add the new NeedForGap signalling in both RRC Reconfiguration complete and RRC Resume complete.

Proposal 3: The UE reports the NeedForGap signalling in both RRC Reconfiguration complete and RRC Resume complete message.


In the dynamic reporting of LTE R14 per-CC gap feature, the UE could report 3 different status for the need of gap – i.e. (gap, ncsg, nogap-noNcsg). We understand that the NCSG (Network Controlled Small Gap) ncsg is that the UE could somehow do gapless measurement for a target band but it may have some small interruption (to the serving cells) due to RF ON/OFF of that target band. We would like to check that whether the status (no gap but with interruption) could also be reported by the UE in the NeedForGap signalling. This capability status (no-gap-with-interruption) implies that there is short interruption before and after measuring a carrier. Unlike NCSG, the “no-gap-with-interruption” does not require the NW to configure a measurement gap pattern. For NR targets, we have SMTC that defines the measurement window of the target frequency. Thus the interruption could be defined at the beginning and ending of the SMTC window.

Question 4: What would be the report granularity for the NeedForGap signaling?
· Option 1 – Reporting single bit for each target NR band (e.g. gap or no-gap)
· Option 2 – Reporting 3 status for each target NR band (e.g. gap, no-gap, or no-gap-with-interruption)

	Company
	Prefer Option
	Comments

	MediaTek
	Option 2
	We understand that interruption due to RF switch ON/OFF is a common case. Even if the UE has 2 RF train for the serving and target cells, it is still possible to cause interruption on the serving cell if the UE switches RF ON/OFF for the target cell. We understand that this requests additional RAN4 work to define the interruption time. But the status (no-gap-with-interruption) is more realistic implementation and we wish the UE could also report this capability.  

	Huawei
	Option3
	ENUMERATED {gap, no-gap, spare2, spare1}
This is the first time that “no-gap-with-interruption” is raised in this topic, and it also requires extra effort from RAN4. We prefer not to add “no-gap-with-interruption” for now, but some spare bits can be added for future extension.
Therefore, our suggestion would be using ENUMERATED type instead of BOOLEAN type, e.g. ENUMERATED {gap, no-gap, spare2, spare1}.

	ZTE
	No strong preference
	Regarding “no-gap-with-interruption”, maybe it is better to double check with RAN4. In RAN2, we are open to it.   

	Deutsche Telekom
	No strong preference
	We are open to Option 2 if this additional granularity is considered necessary.

	Intel
	Slightly prefer opt2
	Provide more info if we are going per-band.

	DOCOMO
	Option 2
	So called “no gap with interruption” is a viable solution to make the measurement gapless, taking into account the RF retuning time. We’re of opinion that such the solution should be supported for NR. On the other hand, the interruption time depends on the UE capability, as in LTE. For NR, the interruption time could be different amongst numerologies. For instance, it is 1 ms for 15 KHz SCS, whilst 0.5 ms for 30KHz SCS. In that sense, the interruption time should be configured by the NW, as in LTE.

	Nokia
	FFS
	We think it relies on RAN4’s evaluation. RAN4 should discuss what is UE’s realistic implementation. It is acceptable for us to add ENUMERATED {gap, no-gap, spare2, spare1} if majority companies agree it.

	NEC
	Slightly prefer Option 2
	

	QCOM
	Option-1 
	Prefer Option-1 as a start … in successive releases the signaling can be enhanced to allow option-2

	CATT
	No strong preference
	We need to check with RAN4 on this. 

	Apple
	
	We prefer to consult RAN4 on this question.



[Summary of Q4] There is some support to have the no-gap-with-interruption (similar to NCSG) option. But also some concern to have this due to lack of time to discuss (also it is more RAN4 related). Thus the suggestion from Huawei (option 3) seems reasonable.

Proposal 4: In the NeedForGap signalling, the UE reports 2 status for each target NR band (i.e. gap or no-gap).



Regarding to when the UE should include the signaling, we think basically there are two approaches. 
· Option 1 - The capability is reported to NW based on a new indicator in RRC Reconfiguration message
· Option 2 - The capability is reported in complete message based on some predefined rules
· Note that the feature is of course optional for NW, so that another control for NW to enable/disable the dynamic reporting is needed.  

Question 5: When do you think the UE should include the new NeedForGap signaling in the RRC Reconfiguration complete message?
· Option 1 – According to NW enquiry 
· Option 2 – Based on predefined rules

	Company
	Prefer Option
	Comments

	MediaTek
	Option 2
	For option 1, it unclear that whether the NW will enquiry the UE once the capability is changed. Whether a gap is required is highly depends on the UE implementation. Thus it may be better to have some predefined rule on when to include this signaling.

	Huawei
	Option 2, but
	In our understanding, the network is always glad to know the unreported capability as long as the UE can provide. If the gap capability is changed due to SCell configuration change, NW must acquire the new capability to determine whether gaps are needed. Therefore NW enquiry is unnecessary.
Regarding the note in Option 2, we are wondering why “another control for NW to enable/disable the dynamic reporting” is needed. As stated above, we don’t know why NW will disable the reporting. And the signalling overhead is not big because UE only reports the capability based on the current serving cell band combination.

[MTK] The note in option 2 is just to avoid legacy gNB impact and provide more flexibility on R16 gNB. Without this high level control, the R15 gNB may always receive the new NeedForGap Signalling that it does not understand. Maybe it does not cause any problem. But we understand we usually give NW to control whether to enable a new feature. As ZTE point out, it is a “function switch” of this new feature.

	ZTE
	Option 2, with function switch
	Considering the UE reports the gap capability for all supported NR band (i.e. supportedBandListNR in RF-Parameters). If we understand correctly, in case the function is enabled, then the signalling overhead is fixed no matter of the configured band combination. For instance, UE supports 20 NR bands, then UE always reports gap capability for those 20 bands.
Moreover, if Option1 in Q4 is adopted, it occupies 1 bit for each supported band; if Option2/3 in Q4 is agreed, then it occupies 2 bits for each supported band. So the signalling overhead is not negligible (depends on the number of supported bands). 
From network perspective, we would like to have a function switch to enable/disable this. For instance, network can disable it during HO in severe scenario, or in case the old version Gnb does not support this. A single bit (Need M) in RRCReconfiguration and RRCResume would be enough, and with default value “OFF”.

	Deutsche Telekom
	Option 2
	If the UE has gapless capability then we assume that the network would always want to know it so it will be better the UE to report it based on predefined rules.

	Intel
	Option 2
	UE know when the gap requirement changes and it’s better to not restrict the UE in reporting this.

	DOCOMO
	None
	If the need of gap is reported in the UECapabilityInformation message, it is anyway reported in the response of the UECapabilityEnquiry message

	Nokia
	None 
	Same view as DOCOMO if static methods in legacy capability enquiry/information messages is enough (See our comment to Q2).
For dynamic approach, we think Option 2 is the baseline while we cannot exclude NW enquiry method.


	NEC
	Option 2 with clarification
	In the first place, this reporting has to be done only under the network supporting this function. The network shall be able to control. Together with this high level control, pre-defined rule-based reporting will work.

	QCOM
	Option-2 
	

	CATT
	Option 2
	Predefined rule seems simple and sufficient.

	Apple
	Option 2
	Predefined rules are sufficient.



[Summary of Q5] A clear majorities prefer to have some predefine rule on when the UE should include the NeedForGap signalling. Thus the proposed CR will be follow this approach.


Question 6: If option 2 in Q5 is preferred, what would be the predefined rules for NeedForGap signaling?  
· Option 1 – The UE always includes it
· Option 2 – The UE includes the NeedForGap signaling upon handover or the capability is changed based on the resultant configuration
· Option 3 – The UE includes it if the RRC reconfiguration message modifies the L1 parameters and/or band combination. 
· Others, please specify your rules

	Company
	Prefer Option
	Comments

	MediaTek
	Option 2
	Option 2 looks like a reasonable approach considering both flexibility and size overhead in complete message. The UE reports the capability to PCell once it is changed during current RRC connection. It should report the capability to the new PCell upon handover. 
However, we do not have strong view on this. Option 1 and 3 is also works and thus acceptable to us. 

	Huawei
	Others
	The UE mandatorily reports NeedForGap in the following scenarios:
1) The first RRCReconfigurationComplete message after AS security is activated/reactivated;
2) HO;
3) SCell addition/removal.
The UE optionally reports NeedForGap in the following scenario:
4) Modification of L1 parameters

	ZTE
	Option 2
	In our view, Option 2 makes more sense, from network perspective, if network does not receive new feedback from UE in Complete message, network can assume the previous received capabilities are still applicable. 
And this only works when the function is enabled (as we indicated in Q5).   

	Deutsche Telekom
	Option 2
	No strong view, Options 1 and 3 are acceptable we slightly prefer Option 2.

	Intel
	Others
	Similar view as Huawei. We should allow the UE to trigger this as a response to NW message, and possibly self-triggered for future releases (for multiSIM etc..)

	Nokia
	Others
	We think UE should mandatorily report NeedForGap capability in all the cases mentioned by Huawei. We assume the motivation to support dynamic NeedForGap signalling in Rel-16 is to consider the L1 parameters impact to the gap capability.

	NEC
	Option 2
	Not strong preference (compared with Others), but this may reduce the signaling, if the capability is not changed even e.g. addition/removal of SCell. 

	QCOM 
	Option-2 and 3
	Agree with Huawei + PScell add/change and SCell (SCG) add/removal to be considered as well.

	CATT
	Option 2
	Agree with ZTE.

	Apple
	Option 2 and 3
	Option 2 is straightforward.
For Option 3, if band combination is changed, UE should better indicate the new needforGap for each target band. For L1 parameters modification, UE may also need to report the needforGap.



[Summary of Q6] The rapporteur understand that majorities prefer to have predefined rule as in option 2 plus the case mentioned by Huawei. However, the case 1) mentioned by Huawei seems not necessary if we have an overall “functional switch” control from the NW. The proposed rule as below. More details could be found in proposed CR. 
Proposal 5: The UE includes the NeedForGap signalling based on the following rules:
· In RRC Resume Complete
· The UE always includes it if the function is enabled
· In RRC Reconfiguration Complete
· The UE always includes it if the function is enabled for the first time
· The UE always includes it after handover
· The UE always includes it if SCell is added or released
· The UE includes the signalling if it is changed due to reconfiguration of L1 parameters


2.3 NR measurement in LTE SA 
In LTE SA before (NG)EN-DC is configured, the UE may have to measure the NR for SCG addition or inter-RAT handover. We understand that the current agreement - “the measurement gap requirement information for NR target is reported back by the UE in the UE response to a NW configuration RRC message” apply at least to NR. It is unclear that whether this also apply to LTE. The original intention from [2] is to have the unified solution for both NR and LTE. Therefore, the rapporteur also assumes that same approach is used in LTE based on current agreement.

Question 7: Do companies agree to introduce NeedForGap for NR inter-RAT measurement in LTE SA using the same method as in NR SA (i.e. the same principle as the conclusion from section 2.2)? 

	Company
	Yes/No
	Comments

	MediaTek
	Yes
	The usage case of NR SCG addition (in EN-DC) is important and we would like to define NeedForGap signal for NR targets in LTE too. Using the same approach in NR is fine to us. Instead of spending too much time to discuss different method in LTE, we now prefer to have the same solution as in NR.

	Huawei
	No Strong preference
	For NR inter-RAT measurement in LTE SA, we slightly prefer to use the legacy static capability report in LTE because this can minimize the spec impact. However, the dynamic approach (i.e. the same method as in NR SA) is also acceptable to us.

	ZTE
	No strong view
	Currently, the FR2 gap capability can implicitly indicate the “no gap” requirement for NR FR2 measurements. For LTE configured NR FR1 measurements, we are not sure if it would be usual case for UE to perform inter-RAT measurements without gap assistance. Maybe the legacy approach can be considered first. But we are ok if majority want the dynamic approach. 

	Deutsche Telekom
	Yes
	We agree with MediaTek. We consider the measurements in LTE of NR targets before EN-DC (before NR SCG addition) as a very important scenario for initial deployments.

	Intel
	Yes
	

	DOCOMO
	No
	Agree with Huawei that the legacy static capability report in LTE can be extended to cover the inter-RAT NR measurement.

	Nokia
	No
	How to introduce NeedForGap for NR inter-RAT measurement in LTE SA was not discussed in on-line session thus it is not covered by the agreements.

We understand the dynamic approach (proposed for NR in section2.2) is flexible if UE is allowed to report its NeedForGap capability in UE RRC Response message by considering resultant configuration (such as current band combination and L1 parameters, e.g. maximum MIMO layers). However, LTE has already adopted the static approach for 3G inter-RAT and LTE inter-Frequency measurements, it is not quite reasonable to have two different kinds NeedForGap signalling mechanism in LTE SA UE. Also, the static approach is simpler and easy to be extended to support NR inter-RAT measurements. We prefer static approach for simplicity.
Moreover, if the dynamic solution for NR is not converged, we suggest complete LTE SA case with simple approach in Rel-16.

	NEC
	No
	

	QCOM
	Yes
	Support the feature but with different signaling mechanism as NR has large number of Bands defined and legacy NeedForGap is limited to 64 band across all RATs. 

	CATT
	No
	After NeedForGap for NR inter-RAT measurement is concluded, we can further check if this can using in LTE SA.

	Apple
	No strong view
	“NR meas on LTE” and “LTE meas on NR” can be considered together.



[Summary of Q7] There is still some reluctance to define dynamic reporting in LTE. Considering that the dynamic reporting is not completely converged in NR based on previous discussion, we thus propose to use the legacy static reporting for NR NeedForGap in LTE SA.  

Proposal 6: In LTE SA, define the NeedForGap singling in UE capability Information per target NR band per LTE band combination. 


2.4 Impact due to MR-DC
When MR-DC is configured, the design of NeedForGap capability is more complicate. The current agreement (dynamic approach) does not apply to MR-DC easily. The SCG configuration (e.g. SCG SCell addition/release) may be changed by SN (via SRB3) without informing MN. So, additional mechanism is required. One possible solution is not to use NeedForGap while MR-DC is configured (i.e. same as Rel-15, gap always needed). But there seems still some intention to have complete solution on this capability.

Question 8: What is your view for the NeedForGap capability signaling after MR-DC is configured? 
· Option 1 – The measurement gap is always configured (i.e. same as Rel-15)
· Option 2 – The new Rel-16 NeedForGap signaling is also applied to MR-DC 

	Company
	Prefer Option
	Comments

	MediaTek
	Slightly prefer Option 1 
	We understand that it will be more difficult for UE to support gapless measurement after MR-DC is configured (but still possible). We are fine to keep R15 behavior for simplicity (option 1). But if companies have clear consensus on how to do this, we are of course OK to complete the design. 

	Huawei
	No strong preference
	NeedForGap signalling in MR-DC is not considered as high priority from our perspective, except for EN-DC. Option 1 is simple.
If Option 2 is preferred by most companies, our suggested solution is: 
For (NG)EN-DC, UE reports the NeedForGap capability to whichever node that generates the RRCReconfiguration message, and this node forwards the capability to the other node. As a result, there is some impact on the inter-node message.
For NE-DC or NR-DC, since the gaps are always configured by MN, MN does not need to forward the received gap capability to SN, whereas SN always forwards the received gap capability to MN.

	ZTE
	Option 1
	We prefer to focus on NR SA in Rel-16 TEI, because we only have 1 meeting left. Taking MR-DC into account is not easy thing, because we have to discuss how it works based on current gap coordination framework. For example, whether one node still has to send “measured frequencies” to peer node when it knows gap is not needed? 
We are afraid it is hard to finalize in 1 meeting. So we prefer to take NR SA as a start point, and MR-DC can be considered in the future. 

	Deutsche Telekom
	Option 1
	We do not consider MR-DC as high priority except the case of EN-DC. However due to limited time and for simplicity we are fine with Option 1 for measurements after EN-DC is configured (SCG has been added).

	Intel
	Option 1
	Due to limited time and the complexity involved. But if LTE also gets this, then MR_DC can as well. 

	DOCOMO
	Option 1
	Agree with DT.

	Nokia
	Option 1
	Considering the limited time in TEI-16, we prefer to complete NR SA case first. 

	NEC
	Option 1
	This is anyway the baseline. Considering the expected complicated discussions and possible solutions, we do not think it is good to apply for MR-DC in Rel-16..

	QCOM
	Option-2
	We prefer to have a complete solution, and regarding SCG modification, it can be addressed by enhancing inter-node messaging. 
Modifying the NeedForGap signaling should be also considered. 

	CATT
	Option 1
	Agree with ZTE. We need to focus on NR SA in Rel-16 TEI.  For MR-DC, we think Option 1 is sufficient considering the use case and potential complexity.

	Apple
	Option 1
	We are fine to only consider NR SA in TEI16.



[Summary of Q8] Companies prefer to focus on SA case first.  

Proposal 7: The measurement gap is always configured while MR-DC is configured (i.e. same as Rel-15).


In case that NeedForGap is also reported in MR-DC. The first question we would like to understand is that whether the UE should also report the capability to SN.

Question 9: If the NeedForGap is also applied to MR-DC, do you think that the UE should report the NeedForGap Signaling also to SN?
· This means that the new NeedForGap IE will also be included in SN Reconfiguration complete message. It could be either embedded in MN RRC Reconfiguration Complete message or in the SN Reconfiguration Complete sending via SRB3.
	Company
	Yes/No
	Comments

	MediaTek
	No
	We understand that the NR measurement targets are exchange between MN and SN and MN make the decision for gap configuration. It seems not essential to report this capability to SN too. 

However, we think that NW vendors make the decision on whether this information is needed. We are also fine to report this to SN if majorities think this is necessary. 

	Huawei
	Yes
	In some scenarios, the gap configuration decision for NR measurements is made by the SN (e.g. FR2 gaps in EN-DC) and SN should be aware of the need for gaps.
If the RRCReconfiguration is generated by SN (e.g. due to PSCell/SCell modification), the UE should report the NeedForGap signalling to SN. As for the exchange between MN and SN, our view is included in Q8.

	ZTE
	
	We prefer to focus on NR SA in Rel-16 TEI. MR-DC can be considered in the future.

	Deutsche Telekom
	Yes
	No strong view, we understand that time may not allow this for Rel-16 TEI. 

	Intel
	Yes for per-FR Ues?
	We understand that this can be possible for per-FR gap supporting Ues?  If we do not want to change MR-DC (which implies for LTE part), then this is not relevant unless the UE support per-FR gap, where this can happen transparent to LTE…?

	DOCOMO
	Yes
	But anyway, the UE capability is transferred to SN via the inter-node message.

	Nokia
	
	Considering the limited time in TEI-16, we prefer to complete NR SA case first. 

	NEC
	Yes but
	we also think this should not be included in Rel-16

	QCOM
	Yes
	Generic comment on NeedForGap signaling modification

	CATT
	No
	We prefer to focus on NR SA in Rel-16 TEI.

	Apple
	Yes
	Agree with Huawei.



Then, we would like to discuss the SRB3 reconfiguration issue in MR-DC. Since the SCG configuration could be changed by SN (via SRB3) without informing MN, the NeedForGap capability may be changed due to this SN Reconfiguration from SRB3. We think that MN should be informed in this case. 

[Summary of Q9] The rapporteur suggest to postpone the discussion.  

Question 10: If the NeedForGap is also applied to MR-DC, which option would you prefer to solve the SRB3 reconfiguration issue?
· Option 1 – New inter-node message is introduced so that MN and SN would exchange the latest NeedForGap information. 
· Note that the UE also has to report the capability to SN in this solution. (i.e. Yes to Q9)
· Option 2 – The UE reports the NeedForGap signaling to the MN if the capability is changed due to Reconfiguration from SRB3. This may be done by UE assistance information message.
	Company
	Prefer Option
	Comments

	MediaTek
	Option 2
	We prefer to have a solution in uu interface to avoid potential RAN3 impact.


	Huawei
	Option 1
	As indicated in Q8, we think the simplest way for UE is: UE reports the capability to whichever node that generates the RRCReconfiguration message.
If some information needs to be exchanged between MN and SN, inter-node message can get the job done, no need to get UE involved.

	ZTE
	
	We prefer to focus on NR SA in Rel-16 TEI. MR-DC can be considered in the future.

	Deutsche Telekom
	Option 2
	Same view with MediaTek.

	Intel
	
	Same view as ZTE.

	DOCOMO
	None of them
	If the need of gap capability is static and reported only in the UECapabilityInformation message.

	Nokia
	
	Considering the limited time in TEI-16, we prefer to complete NR SA case first. 

	NEC
	
	Need more time to consider..

	QCOM
	Option-1
	

	CATT
	No
	We prefer to focus on NR SA in Rel-16 TEI.

	Apple
	Both
	If we support MR-DC scenario, both options should be supported.



[Summary of Q10] The rapporteur suggest to postpone the discussion.  

2.5 Others
We understand that measurement gap design is highly related to RAN4 and think it would be good to send LS to RAN4 to inform them our conclusion.

Question 11: Do companies agree to send LS to RAN4 to inform them our conclusion?

	Company
	Yes/No
	Comments

	MediaTek
	Yes
	

	Huawei
	Yes
	OK to have an LS.

	ZTE
	Yes
	

	Deutsche Telekom
	Yes
	

	Intel 
	Yes
	

	DOCOMO
	Yes
	In particular, action to RAN4 is required to support NCSG/no-gapWithInterruption.

	Nokia
	Yes
	Additionally, LS to RAN4 should include question 4(no-gap-with-interruption) as well as the clarification of the key aspects to be considered for NR NeedForGap design to support the new dynamic reporting mechanism.

	NEC
	Yes
	

	QCOM
	Yes
	

	CATT
	Yes
	

	Apple
	Yes
	



[Summary of Q11] We will prepare the draft LS to RAN4 once the NeedForGap signalling design is converged. The support of NCSG/no-gapWithInterruption should be included.   


Companies are invited to input other comments (if any) for the NeedForGap signaling design.

Question 12: Any other open issue that the companies would like to discuss?

	Company
	Comments

	ZTE
	We understand the detailed FreqBandIndicatorNR will not be included in Complete message, Therefore, the “NeedForGap” capability is one-to-one linked to the RF capability. If so, it is good to confirm which RF capability is linked. In our view, the corresponding capabilities are:
· NR: UE-NR-Capability->rf-Parameters->supportedBandListNR;
· LTE(if agreed): UE-NR-Capability-v1530->InterRAT-Parameters ->eutra->supportedBandListEUTRA.
Note: This is based on the assumption that, for all DC/CA capable bands, the UE also supports SA operation. 

	MediaTek
	Regarding to the question from ZTE, we think that it is reasonable approach if the NeedForGap signalling reported in Complete message does not include the FreqBandIndicatorNR. Another alternative is including the FreqBandIndicatorNR also in the signalling which will increase the message size but reduce the possible ambiguity. 

So, there are 2 alternatives for the signalling
<1> Including FreqBandIndicatorNR in the gap indicator, the following is sample ASN.1 code

NeedForGapsBandlistNR ::=  SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR   OPTIONAL

NeedForGapsNR  ::=     SEQUENCE {
    bandNR                FreqBandIndicatorNR
    gapIndication         ENUMERATED {gap, no-gap, no-gap-with-interruption}
}

<2> Do not include FreqBandIndicatorNR in the gap indicator, the following is sample ASN.1 code
NeedForGapsBandlistNR ::=   SEQUENCE (SIZE (1..maxBands)) OF NeedForGapsNR   OPTIONAL

NeedForGapsNR  ::=  ENUMERATED {gap, no-gap, no-gap-with-interruption}


We slightly prefer <1> as the UE does not always includes NeedForGap signalling in complete message and thus size is not big concern. Note that the UE does not send the supportedBandListNR (which is in UE capability information) together with reconfiguration complete message. And in NR Rel-16, the capability could completely replace by a capability ID so there may be no UE Capability Information RRC message. We prefer to use safe way so that it does not have any potential issue. 


	Deutsche Telekom
	Agree with MediaTek.

	Intel
	As stated earlier, we see the effectiveness of UE reporting detailed gap requirements per-band might not be better from practical perspective and request companies to re-assess. But if companies think this detailed signalling is better, we will go with the majority. 

	DOCOMO
	It should be noted that the solution of utilising capability ID is optional and not all of UEs support it. The solution for need of gap should be able to work with the legacy capability signalling.

	Nokia
	We slightly prefer <1> to include FreqBandIndicatorNR in the signalling together with NeedForGap indicator. 

	NEC
	On possible alternatives by MediaTek, our preference (at this moment) is also the alternative <1>.

	QCOM
	NeedForGap for NR should not follow legacy structure, rather a more efficient structure to be defined (given the large number of NR bands). 



[Summary of Q12] Regarding to whether to include the band indicator, it seems that alternative 1 above is acceptable. Thus the proposed CR will start from this approach. But we also understand that not all companies provide clear view on this aspect. Thus we could continue to discuss this in phase 2. 

Proposal 8: For the dynamic reporting mechanism in NR SA, include the frequency band indicator (FreqBandIndicatorNR) in the NeedForGap signalling.

3 Conclusions	
3.1 Summary of phase 1 discussion
Base on the discussion in section 2, we have the following proposals.

Proposal 1: Define R16 NeedForGap signalling for NR targets and consider LTE targets if time allows.

Proposal 2: The UE reports whether gap is needed for each supported NR (target) band in the response RRC message based on the resultant configuration.

Proposal 3: The UE reports the NeedForGap signalling in both RRC Reconfiguration complete and RRC Resume complete message.

Proposal 4: In the NeedForGap signalling, the UE reports 2 status for each target NR band (i.e. gap or no-gap).

Proposal 5: The UE includes the NeedForGap signalling based on the following rules:
· In RRC Resume Complete
· The UE always includes it if the function is enabled
· In RRC Reconfiguration Complete
· The UE always includes it if the function is enabled for the first time
· The UE always includes it after handover
· The UE always includes it if SCell is added or released
· The UE includes the signalling if it is changed due to reconfiguration of L1 parameters

Proposal 6: In LTE SA, define the NeedForGap singling in UE capability Information per target NR band per LTE band combination.

Proposal 7: The measurement gap is always configured while MR-DC is configured (i.e. same as Rel-15).

Proposal 8: For the dynamic reporting mechanism in NR SA, include the frequency band indicator (FreqBandIndicatorNR) in the NeedForGap signalling.

3.2 Summary of phase 2 discussion
The LTE and NR CRs are discussed during the phase 2 discussion. 

The LTE CRs (using static approach) seems more stable and acceptable to most of companies. 

The NR CRs received several comments on the following aspects
· Whether to extend the capability define also to intra-frequency measurement 
· Whether to have a high level function control for this dynamic reporting feature
· The condition to include the NeedForGapsInfoNR capability in RRC Reconfiguration complete

The proposed way forward is summarized in the following proposals. 

A) LTE part, a potential easy agreement

Proposal 1: To agree the LTE CRs R2-2000717 and R2-2000718, wherein the NR NeedForGap singling in UE capability Information per target NR band per LTE band combination.

B) NR part, need further discussion (may be even postponed)

Proposal 2: The UE reports the NeedForGap signalling in both RRC Reconfiguration complete and RRC Resume complete message. The NeedForGap signalling is not included in UE Capability Information.

[bookmark: _GoBack]Proposal 3: The NR intra-frequency NeedForGap information is also included in the reporting.

Proposal 4: Introduce a function enabler in RRC Reconfiguration and RRC Resume. The NW could enable or disable the dynamic reporting using this IE. 

Proposal 5: The UE includes the NeedForGap signalling based on the following rules:
· In RRC Resume Complete
· The UE always includes it if the function is enabled
· In RRC Reconfiguration Complete
· The UE always includes it if the function is enabled for the first time
· The UE always includes it after handover
· The UE includes the signalling if it is changed 

Proposal 6: The measurement gap is always configured while MR-DC is configured (i.e. same as Rel-15).

Proposal 7: Tasking the proposed NR CRs in (R2-2000719, R2-2000720, R2-2000721) as baseline and update based on the result of previous proposals.
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