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1 Introduction

In RAN2#100 and RAN2#NR AdHoc meetings, measurement gap configuration framework for EN-DC was actively discussed, where it was concluded that inter-node coordination between LTE MN and NR SN is required to optimally configure measurement gap(s) to UE [1][2]. The agreements made during the given meetings are provided below for reference:

	RAN2#100 Agreements:

1) For case of a single gap pattern that applies to both LTE and NR radios of the UE ('per UE gaps'): LTE RRC provides a single measurement gap configuration.

2) For the independent gap case where UE is able to apply a different gap pattern for LTE/FR1 and FR2:

a. NR RRC configures a measurement gap configuration for FR2. 

b. LTE RRC configures a measurement gap configuration for LTE and NR FR1 frequencies

3) In the case of per UE measurement gap configuration, MN decides the configuration and informs the SN about the configuration

4) For Dec 17, adopt a solution where:

a. For case of a single gap case the network always configures per UE gaps if the UE is configured to measure any inter-freq or inter-RAT carrier or intra-freq cases where gaps are required.

b. For the independent gap case the network always configures for the LTE/FR1 gaps if the UE is configured to measure any carrier within the FR1 range, and network always configures for the FR2 gaps if the UE is configured to measure any carrier within the FR2 range.

5) For the independent gap case once EN-DC is setup:

a. the MN should inform the measurement gap pattern configuration on FR1 to the SN

b. the MN should inform the SN that it wants to measure in FR2 frequency(ies). Some assistance information to the SN to configure the gaps is provided
c. the SN should inform the MN that it wants to measure in NR carriers in FR1 range, if the SN has not already received a measurement gap pattern.  Some assistance information to the MN to configure the gaps is provided
d. FFS What assistance information is required

6) For the per UE gap case once EN-DC is setup:

a. the MN should inform the measurement gap pattern configuration to the SN

b. the SN should inform the MN that it wants to measure any inter-freq carrier or intra-freq cases where gaps are required.  Some assistance information to the MN to configure the gaps is provided

7) Capability is added to indicate support for independent gap configuration for FR1 and FR2


	RAN2 NR AdHoc Agreements
1) For gap pattern configured by MN, UE performs gap calculation based on the SFN and subframe of PCell

2) For gap pattern configured by SN, UE performs gap calculation based on the SFN and subframe of PSCell.

3) The configuration step of gapoffset in 36.331 is 1ms.

FFS: Gapoffset in 38.331. To be checked with RAN4.


In order to progress on the details of assistance information passed between MN and SN, an email discussion is agreed in RAN2#NR AdHoc meeting to discuss the inter-node message contents.

[NR-AH1801#08][NR] Measurement gap coordination assistance info (Samsung)


Progress the details of the assistance information to be added to the inter node messages.


Intended outcome: Report to next meeting


Deadline:  Monday 2018-02-13

2 Discussion

2.1 General 

During the RAN2 NR AdHoc online discussions [2], primarily two approaches were discussed for measurement gap coordination as indicated below:

Solution-A: In the first approach, desired measurement gap pattern is shared between MN and SN:

1) For per-UE gap and independent FR1 gap case, SN indicates a “RS monitor window” to MN. The “RS monitor window” indicates the required measurement gap pattern (per-UE gap or FR1 gap) based on the SN configured frequencies measured by the UE. The MN can consider the indicated “RS monitor window” to compute the per-UE or FR1 measurement gap for UE.  

2) For independent FR2 gap case, MN indicates a “RS monitor window” to SN. The “RS monitor window” indicates the required measurement gap pattern (FR2 gap) based on the MN configured frequencies measured by the UE. The SN can consider the indicated “RS monitor window” to compute the FR2 measurement gap for UE. 
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Figure 1 Example of Solution-A for Measurement Gap Coordination

Solution-B: In the second approach, MN and SN exchange measurement configuration (i.e. measured frequencies) with each other:

1) For per-UE gap and independent FR1 gap case, SN indicates to MN the list of SN configured frequencies measured by UE. The MN determines the required measurement gap (per-UE or FR1 gap) by considering frequencies configured by both MN and SN for UE measurements.

2) For independent FR2 gap case, MN indicates to SN the list of MN configured frequencies measured by UE. The SN determines the required FR2 measurement gap by considering frequencies configured by both MN and SN for UE measurements.
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Figure 2 Example of Solution-B for Measurement Gap Coordination

Issue-1: Companies are requested to indicate their preference on which framework to support for measurement gap coordination between MN and SN (i.e. Solution-A or Solution-B) 

	Company
	Solution Preference 
(Solution-A or Solution-B)
	Comments

	ZTE
	Solution A
	Compare with solution B, in our standing, solution A has following advantages:

1. According to RAN2 previous agreement, LTE node cannot decode the CSI-RS configuration, so for CSI-RS based measurement configured by SN side, solution B will not work, but solution A is compatible for both SSB based and CSI-RS based measurements;

2. Reduce the X2 message size, by exchanging the detail SMTC configuration of each freqs will obviously increase the message size, eg. SMTC bitmap costs up to 64bit, and ARFCN may cost 32 bit. Meanwhile, we didn’t see much necessity to exchange the carrierFreq during gap coordination procedure.

3. More flexible control in network implementation, as we mentioned in R2-1801510, if the SMTC window of different inter-freqs cannot overlap completely, it’s hard to cover all SSBs by a single gap duration, in our understanding this may happen in practice, especially for asynchronous deployment, in this case, the network is able to choose the preferred gap position based on the measurement purpose or frequency priorities, and give up part of SSBs which the frequency has lower priority(see the following example).
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	Ericsson
	Solution B
	Our understanding is a simple exchange of the frequencies being measured is sufficient. The SMTC information is a non-UE specific information that is already possible to be exchanged between neighbours using X2 Setup/configuration. The receiver of this information (MN in the case of per UE gaps or independent FR1 gap, SN in the case of independent FR2 gap), could use this information (along with the knowledge it has of the SMTC for the corresponding freq) to set the appropriate gap (e.g. set the length/periodicity/offset to accommodate all the UE measurements at the FR1/FR2 frequencies). With solution B, the sender of the assistance information tries to achieve that. However, the sender doesn’t know the other frequencies that the receiver of the assistance information is configuring the UE to measure on. For example, if the MN sends an assistance information according to solution B regarding the FR2 frequencies that it wants to measure, the provided information can be used as is only if the SN has not configured the UE to measure on any other FR2 frequencies (which is very unlikely). Otherwise, the proper gap has to be recomputed by the SN. Thus, the most reasonable approach is to leave it for the receiver of the assistant information to perform the determination of the proper gap configuration.

The exchange of the carriers being measured is also useful for properly utilizing the full UE measurement capability, as we have described in our paper (R2-1801011). E.g. Consider the following simple scenario. Assume the maximum total number of NR frequency carriers the UE can measure on is 5. Also assume that the MN configures the UE to measure on 2 NR frequency carriers. The MN will then inform the SN, as agreed in RAN2#99bis, that it can measure maximum of 3 NR frequencies and thereafter the SN configures 3 NR frequency carriers. If the MN and SN have configured 2 common NR frequency carriers, the total number of carriers the UE is actually measuring on is 3 (2 common and one unique NR frequency carrier configured by the SN). Since both the MN and SN consider the UE capability limit is reached, they will refrain from configuring measurements on other NR frequencies. This means that the measurement capabilities of the UE will not fully utilized. 


	Qualcomm
	Solution B
	In our understanding, “RS monitor window” can be derived through SMTC configuration. And SMTC should be frequency specific and relatively static. MN/SN should have information about carrier frequency to SMTC mapping via OAM (preconfigured). So, no signalling on “RS monitor window” or SMTC information over X2/n is necessary.

In short, our preference is that Solution-B1 is enough, i.e. MN and SN just need to exchange measured frequencies configured by UE with each other, no more assistance information is needed.

	Samsung
	Solution-A
	We agree with ZTE, Solution-B may not be easily realizable. Since, Solution-B requires that all information should be exchanged between network nodes which may impact measurement gap requirement of UE, the number of parameters to be exchanged are only expected to increase in future. For example, UE may require gap depending on bandwidth, numerology and beam forming aspects of frequency to be measured. Hence, in future we have to discuss applicability of these parameters as well.

The simplest solution would be Solution-A, in which only required gap pattern should be exchanged, hence all the other complicated issues/corner cases do not need to be addressed.

	OPPO
	Solution B
	We agree with Ericsson and Qualcomm that the simplest way is to exchange the carrier frequency, since this is the most straightforward way to show which target the SN (in per-UE and FR1 case) or the MN would like to measure, and how to configure the gap could be determined by MN in per-UE and FR1 cases, and by SN in FR2 case.

	Nokia
	
	Both prefered SMTC and Frequency are needed in our understanding, network can select one or both for different cases.

RAN4 has recommended RAN2 (R2-1712143) to evaluate the feasibility of extending the LTE ‘needforGaps’ signaling to include LTE+NR NSA operation. The Frequency info to MN for FR1 gap can help MN evaluate if the specific UE supports needforGaps.

SN/MN preferred SMTC is UE specific SMTC, not cell level SMTC, it can help MN configure one suitable SMTC for SN’s object. E.g., MN configured gap pattern may be 80ms periodicity, but SN would configure one measurement that needs gap with 40ms periodicity for quick measurement and report, SN needs to inform MN its preference.

	Intel
	Solution A
	We agree with Samsung that simple gap pattern should be enough for MN and SN exchange information exchange.  

	Huawei
	Solution B
	We agree with other companies that the exchange of the carrier frequency should be enough information to determine the needed gap pattern, and allows the node that configures the gap to take any constraints of its own (such as simultaneously configured measurements on other frequencies) into account in determining a gap pattern.

	vivo
	Basic idea of solution-B
	In our understanding, solution-B is not exactly the case we discussed during meeting. I understand rapporteur’s intention was to distinguish two main approaches. Basically, we do not see any fundamental difference between the two approaches. The difference is where to calculate the gap pattern. For solution-A, the node first gives the desired gap configuration and the determining node take it into consideration and make the final decision. Then why not the node first give the frequency desired to be measured and the other node does the final calculation? It also has the flexibility for network.

As mentioned by some companies, SMTC configuration is configured during X2 setup. Per RAN1 agreement, SMTC is per carrier configured. If the network can guarantee that the MN know each SMTC on a frequency it wants to measure, for the gap configuration case, it seems that SMTC is not needed. If not, SMTC is still needed to cover all the case. As assistance information, SMTC may be needed. More illustrated below.


Observation 1 For Issue-1, three companies are in favour of supporting Solution-A for measurement gap assistance information, whereas five companies support Solution-B for measurement gap assistance information. One company indicated that a combination of both solutions is required. Hence, no conclusion can be reached. While some companies have the opinion that Solution-B is sufficient for measurement gap determination, one company indicated that the major concern with Solution-B is support of CSI-RS measurements.

Proposal 1

RAN2 to further discuss and select one of the following solutions for measurement gap assistance information:
Solution-A: 
1) For per-UE gap and independent FR1 gap case, SN provides a “RS monitor window” to MN. The “RS monitor window” indicates the measurement gap pattern required to measure SN configured frequencies.
2) For independent FR2 gap case, MN provides a “RS monitor window” to SN. The “RS monitor window” indicates the measurement gap pattern required to measure MN configured frequencies.
Solution-B:
1) For per-UE gap and independent FR1 gap case, SN indicates to MN the list of SN configured frequencies measured by UE.
2) For independent FR2 gap case, MN indicates to SN the list of MN configured frequencies measured by UE.
2.2 Detailed Contents of Solution-A

This section discusses the detailed contents of information exchanged between MN and SN for Solution-A. 

Given that “RS monitor window” indicates the information on required measurement gap pattern, one or more of following parameters can be considered within “RS monitor window”:

a) window length (corresponding to measurement gap length) 

b) window periodicity (corresponding to measurement gap periodicity)

c) window offset (corresponding to measurement gap offset)

d) Another option would be that “RS monitor window” duplicates the RRC structure of measurement gap IE.

Issue-2: Companies are requested to indicate which of the above parameters (i.e. window length, window periodicity, window offset) should be indicated within “RS monitor window” for Solution-A

	Company
	Parameters included within “RS monitor window”
	Comments

	ZTE
	a) window length; b) window periodicity; c) window offset
	So far, we think these parameters are efficient for gap coordination procedure, for the other option mentioned by Rapporteur that duplicates the RRC structure of measurement gap IE, we don’t have strong view, but we slightly prefer to introduce small window periodicity, such as 5ms and 10ms, because for gap configuration the minimum MGRP is 20ms. In our mind, by introducing small periodicity(eg. the SMTC periodicity is 5 or 10ms), for network implementation, the target node(i.e. the node configures gap) has more flexibility to optimize the gapoffset based on the other UE resources(eg. DRX, SRS, SR...etc), see the following example.
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	Qualcomm
	No
	As indicated in issue-1, we don’t think “RS monitor window” or SMTC is necessary to be exchanged as measurement gap assistance information over X2/Xn.

	Samsung
	At least window length, window periodicity and window offset
	Since one node only needs to be notified of gap pattern, we believe it would be sufficient to provide the same parameters as used for measurement gap configuration.

	Nokia
	a) b) and c)
	We don’t think defining new IEs for these 3 parameters is necessary, SSB-MeasurementTimingConfiguration IE can be used.

	Intel
	All (a), (b) and (c)
	The network will need to know all 3 in order to get the gap overlap for all frequencies layer for measurement. 

	Huawei
	(a), (b), and (c)
	If solution A is adopted, we think all three pieces of information are needed.  We don’t have a strong view on how this should be represented in ASN.1 although (d) above seems like one reasonable approach.


Observation 2 For Issue-2, five companies are in support of including window length, window periodicity and window offset if Solution-A is selected. One company indicated that there is no need to exchange information on “RS monitor window”.
Proposal 2

If Solution-A is agreed, “RS monitor window” contains at least window length, window periodicity and window offset.
Apart from the given information, it is also possible to indicate other information within “RS monitor window” which can be helpful for gap configuration. For example, one proposal indicated the need to also provide the subcarrier spacing/numerology of the measured carrier [5].

Issue-3: Companies are requested to indicate if any other parameter(s) should be included within “RS monitor window” for Solution-A

	Company
	Any other information included within “proposed RS monitor window”
	Comments

	
	
	

	
	
	

	
	
	


Observation 3 For Issue-3, no company showed any support to include any other parameter within “RS monitor window”.

2.3 Detailed Contents of Solution-B

This section discusses the detailed contents of information exchanged between MN and SN for Solution-B. 

The solution assumes that MN and SN exchange information of frequencies configured by each node for UE measurements, but the specific frequencies for which the information needs to be indicated can be discussed in detail. We see two options for the same:

Solution-B1: Measurement gap assistance information contains information about following frequencies:

1) For per-UE gap case, SN provides assistance information to MN for all the SN configured frequencies (FR1 and FR2) measured by the UE. 

2) For independent FR1 gap case, SN provides assistance information to MN for all the SN configured FR1 frequencies measured by the UE.

3) For independent FR2 gap case, MN provides assistance information to SN for all the MN configured FR2 frequencies measured by UE.

Solution-B2: Measurement gap assistance information contains information about following frequencies:

1) For per-UE gap and independent FR1 gap case, SN provides assistance information to MN for all the SN configured frequencies (FR1 and FR2) measured by the UE. 

2) For independent FR2 gap case, MN provides assistance information to SN for all the MN configured frequencies (FR1 and FR2) measured by the UE.

Note that, above information can help to provide better understanding of RRC IE structure of assistance information.

Issue-4: Companies are requested to indicate their preference on the above mentioned options (i.e. for which frequency carriers assistance information is provided) for Solution-B.

	Company
	For which frequencies, assistance information is provided 
	Comments

	Ericsson
	B2+
	Just for the sake of the measurement gap configuration, solution B1 will suffice (i.e. the receiver of the assistance information is the one that also configures the gap, so for per independent gap measurement for FR1, the MN doesn’t need info about FR2 frequencies/gaps, as MN can’t configure serving cells that use FR2 frequencies). However, as we have commented above, the communication of the measurements being configured will help in utilizing the UE measurement capability to the limit. Thus, B2 is our preferred solution. 
Even a more complete solution will be (what we refer to B2+) for the MN and SN to exchange the NR frequencies that they are adding/removing from their measurements, regardless of per UE or per FR gap configuration (e.g. if the SN has asked for measurement of n number of measurements, and the MN has configured a gap suitable for that, if the SN removes some of these measurements, then the gaps would actually be just a waste of UE throughput because UE will not be using them). Even in the per UE gap case, as we have described in R2-1801011, the MN can communicate the NR frequencies it is adding to be measured, so the SN will know how many more NR measurements it can configure (e.g SN can configure a measurement on the same frequency as being configured to be measured by the MN, without “eating up” the number of measurements it can setup). 

	Qualcomm
	Our understanding is solution-B1.
	

	Samsung
	Solution-B1
	The question mainly discussed whether entire measurement configuration should be indicated or only subset of configuration should be provided. If Solution-B is agreed then we believe that only relevant information needs to be included.

	OPPO
	Solution B1
	For determining the measurement gap in different cases defined in RAN4, we consider solution B1 is enough.

	Nokia
	Not clear on both solution B
	Just for frequency as assistance info, we have pointed out in Issue1 that RAN4 LS (R2-1712143) needs to be considered here.

	Intel
	
	We were wondering how the network (MN or SN) calculate the final suitable gap based on only the frequency information. 

	Huawei
	B1
	The extra information provided in B2 doesn’t seem necessary for configuring the measurement gaps; only the configured FR1 frequencies affect the timing of FR1 gaps (and respectively for FR2).

	vivo
	Soluition-B1
	It’s more clear


Observation 4 For Issue-4, five companies have shown support for Solution-B1, while one company indicated support of a variant of Solution-B2 (i.e. addition/removal of any measurement frequency needs to be informed to other node). One company indicated that suitable gap pattern cannot be determined based only on frequency information. Given lack of clarity for the given issue, more discussion is required to reach an agreement.
Proposal 3
If Solution-B is agreed, RAN2 to further discuss for which frequencies measurement gap assistance information is provided.

During online discussion, some proposals indicated that for each frequency included within assistance information, SN should also indicate to MN about the SMTC configuration of the given SN configured frequency carrier (and vice versa) [4]. Companies are requested to provide their opinion whether SMTC information should be included for each indicated frequency included within assistance information. If yes, then companies are further requested to indicate whether SMTC configuration for a frequency carrier is indicated for both MN and SN configured frequencies, or only MN configured frequencies, or only SN configured frequencies.

Issue-5: Companies are requested to provide their opinion whether SMTC information should be indicated for each indicated frequency carrier included within assistance information for Solution-B.

	Company
	Whether SMTC configuration should be provided for each frequency carrier within assistance information
	Comments

	Ericsson
	No
	SMTC information exchanged between neighbours via X2 (not a UE specific information)

	Qualcomm
	No
	In our understanding, SMTC configuration should be frequency specific and relatively static. So, MN/SN should have information about carrier frequency to SMTC mapping via OAM (preconfigured). So, no signalling on SMTC information over X2/n is necessary

	Samsung
	No
	SMTC information is expected to be semi-static and hence can be exchanged between nodes during X2 setup or X2 configuration update. If Solution-B is agreed then we do not see any need to exchange SMTC configuration.

	Nokia
	Yes or No
	It has been discussed in Issue1, it is totally up to use case.

No specification defines that the SMTC IE is one dedicated term only for cell level. We just propose to use SSB-MeasurementTimingConfiguration in SCG-Config container, it means SN can use it in X2 setup to transfer cell level SMTC to MN, Or SN can use it for gap coordination to transfer “preferred SMTC” for one specific UE.

SSB-MeasurementTimingConfiguration in ASN.1 is included in MeasObjectNR, which has been used for UE specific usage.

	Intel
	No
	Our understanding is that SMTC information is not needed as long as the RS window, length and repetition are given.

	Huawei
	No
	We agree with the comments above that the exchange of SMTC information should be possible at other times, via OAM and/or X2 configuration.

	vivo
	Yes
	SMTC is quite static configuration but the IE can be reused to request for the new gap. For example, in the FR1 case, the gap pattern is determined by the MN with consideration of the carrier to be measured by MN and SN, but if the gap pattern is not suitable for an FR1 frequency measurement requirement by SN, the SN could request for updating the gap, by reusing the existing SMTC config IE. From this point of view, it is similar as solution A. The only difference is that we use a new IE “desired window” or reuse the SMTC IE to convey this to MN.


Observation 5 For Issue-5, five companies indicated that SMTC configuration is not essential for measurement gap assistance information, while two companies indicated support of SMTC configuration but for different use cases. Hence, it is advised that the issue can be treated based on company contributions.

Apart from the given information, it is also possible to indicate other information, which can be helpful for gap configuration (e.g. subcarrier spacing information for the frequency carriers). For example, one proposal indicated the need to also provide the subcarrier spacing/numerology of the measured carrier [5].

Issue-6: Companies are requested to indicate if any other information should be indicated for each frequency carrier included within assistance information for Solution-B. 

	Company
	Information included for each frequency carrier within assistance information
	Comments

	Qualcomm
	No 
	As far as we know, RAN4 (R4-1711940) still did not conclude whether gap or other mechanism is used for:

· Intrafrequency measurements within the active BW part with a different numerology between data/control and SS block
So at least in this stage, we don’t see the necessity of  these assistance information (e.g. subcarrier spacing/numerology). 

In summary, our preference is that Solution-B1 is enough, i.e. MN and SN just need to exchange measured frequencies configured by UE with each other, no more assistance information is needed.

	vivo
	
	The SCS info is used for the MN, to evaluate whether this SCS in the FR1 frequency is within the operating LTE part. LTE and NR have overlapped frequency range, if it is a valid case, SCS info is beneficial for MN to determine whether a gap is needed. Besides, if the UE doesn’t know the SCS of the frequency to be measured, it has to try every possibility, it is beneficial if the SCS of the frequency to measure is known by UE.

In addition, CSI RS measurement discussion is suspended in RAN4. But it’s better to consider the CSI measurement case from RAN2 point of view. Maybe we can postpone the additional info and wait for more clear input, and focus on the frequency and SMTC assistance info.

	
	
	


Observation 6 For Issue-6, only two companies have indicated their preferences, where one company proposed that SCS info should be included within measurement gap assistance information. Given lack of support, it is advised that the issue can be treated based on company contributions.

3 Summary 

Following observations and proposals are made in this paper:
Observation 1
For Issue-1, three companies are in favour of supporting Solution-A for measurement gap assistance information, whereas five companies support Solution-B for measurement gap assistance information. One company indicated that a combination of both solutions is required. Hence, no conclusion can be reached. While some companies have the opinion that Solution-B is sufficient for measurement gap determination, one company indicated that the major concern with Solution-B is support of CSI-RS measurements.
Observation 2
For Issue-2, five companies are in support of including window length, window periodicity and window offset if Solution-A is selected. One company indicated that there is no need to exchange information on “RS monitor window”.
Observation 3
For Issue-3, no company showed any support to include any other parameter within “RS monitor window”.
Observation 4
For Issue-4, five companies have shown support for Solution-B1, while one company indicated support of a variant of Solution-B2 (i.e. addition/removal of any measurement frequency needs to be informed to other node). One company indicated that suitable gap pattern cannot be determined based only on frequency information. Given lack of clarity for the given issue, more discussion is required to reach any agreement.
Observation 5
For Issue-5, five companies indicated that SMTC configuration is not essential for measurement gap assistance information, while two companies indicated support of SMTC configuration but for different use cases. Hence, it is advised that the issue can be treated based on company contributions.
Observation 6
For Issue-6, only two companies have indicated their preferences, where one company proposed that SCS info should be included within measurement gap assistance information. Given lack of support, it is advised that the issue can be treated based on company contributions.
Proposal 1

RAN2 to further discuss and select one of the following solutions for measurement gap assistance information:
Solution-A: 
1) For per-UE gap and independent FR1 gap case, SN provides a “RS monitor window” to MN. The “RS monitor window” indicates the measurement gap pattern required to measure SN configured frequencies.
2) For independent FR2 gap case, MN provides a “RS monitor window” to SN. The “RS monitor window” indicates the measurement gap pattern required to measure MN configured frequencies.
Solution-B:
1) For per-UE gap and independent FR1 gap case, SN indicates to MN the list of SN configured frequencies measured by UE.
2) For independent FR2 gap case, MN indicates to SN the list of MN configured frequencies measured by UE.
Proposal 2

If Solution-A is agreed, “RS monitor window” contains at least window length, window periodicity and window offset.
Proposal 3
If Solution-B is agreed, RAN2 to further discuss for which frequencies measurement gap assistance information is provided.
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