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1 Introduction
In RAN2#103 [1], the following RRC design principle for MR-DC was agreed:
Agreements

1:
For NGEN-DC and NE-DC the control plane architecture is based on EN-DC

2
For NR-DC the control plane architecture is based on EN-DC
FFS1 If there are differences at stage 3 in how the SN configuration is carried by the RRC message generated by the MN.

FFS2 How capability coordination is performed in the case of NR-DC

3:
SRB3 can be configured for NR-DC 

We need to design RRM for NE-DC and NR-DC based on above principle. We discuss the RRM design for NE-DC in our companion contribution [2], and the case of NR-DC in this contribution. Note that since it was agreed that SRB3 can be configured for NR-DC. Then we think the measurement configuration procedure should be same as EN-DC. The only different part is measurement gap configuration and coordination, which is the focus of this contribution.
2 Discussion  
The key procedures of EN-DC measurement gap are summarized in Table 1, which is the basis of NR-DC gap design.
	Procedure
	Measurement gap in ENDC

	Measurement gap type
	Support per-UE and per-FR gap where per-FR gap is UE capability 

	Measurement gap configuration
	Per-UE or LTE/FR1 gap is configured by MN, and FR2 gap is configured by SN

· Intention: keep LTE RRC structure without introducing measurement gap configuration for FR2 because there is no MeNB deployment in FR2 

	Assistance info for gap coordination b/w MN and SN
	MN and SN exchanges list of UE measured frequencies, whenever any change in the set of frequencies to be measured

	Exchange of gap configuration in inter-node RRC message
	· MN→SN: updated per-UE/FR1 gap 

· SN→MN: No 

	Gap type indication
	1 bit (per-UE or FR1) is indicated MN→SN and MN→UE, to avoid misunderstanding whether to apply gap to FR2


Table.1 key procedures of option 3 measurement gap 
NR-DC will also support both per-UE and per-FR gap. The key issues are the following two questions:

· Which node (MN or SN) to configure per-UE gap and FR1/FR2 gap?
· What is the gap coordination procedure and required assistance information to exchange between MN and SN?

In EN-DC, per-UE or LTE/FR1 gap is configured by MN, and FR2 gap is configured by SN. There is no doubt that per-UE gap should be still configured by MN in NR-DC. For per-FR gap, RAN2 made the agreement that FR2 gap is configured by SN because the intention to keep LTE RRC structure without introducing measurement gap configuration for FR2 as there is no MeNB deployment in FR2.
Observation 1: In EN-DC, RAN2 made the agreement that FR2 gap is configured by SN because the intention to keep LTE RRC structure without introducing measurement gap configuration for FR2 as there is no MeNB deployment in FR2.

However, we don’t think the above intention is still valid in NR-DC because both MN and SN are NR and can work in both FR1 and FR2. Furthermore, RAN2 has introduced the 3 types of explicit gap configurations in TS38.331:

MeasGapConfig ::=




SEQUENCE {


gapFR2 



SetupRelease { GapConfig }



OPTIONAL,
-- Need M


...,


[[



gapFR1


SetupRelease { GapConfig }



OPTIONAL,
-- Need M



gapUE


SetupRelease { GapConfig }


      OPTIONAL
-- Need M


]]

}

Therefore, we think the measurement gap design for NR-DC needs further considerations. 

Observation 2: The intention of SN configuration of FR2 gap is not valid in NR-DC because both MN and SN are NR and can work in both FR1 and FR2. Furthermore, RAN2 has introduced explicit per-UE and FR1/FR2 gap configurations in TS38.331.
We list 4 possible solutions below and provide the analysis of their pros and cons.
Solution 1: Both per-UE gap and FR gap (FR1 gap and/or FR2 gap) are configured by MN
It is the simplest solution. The gap coordination procedure is shown in figure.1:
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Figure.1: gap coordination procedure of solution 1
And the exchanged information for gap coordination is:

· MN->SN: the configured per-UE or per-FR (FR1 and/or FR2) measurement gap pattern and the gap purpose (per-UE or per-FR1 or per-FR2)

· SN->MN: the list of SN configured frequencies in FR1 and FR2 measured by the UE for both cases of per-UE gap and per-FR gap

Clearly, the pros of solution 1 is simple and correspondingly the gap coordination procedure is clear. RAN2 needs minor further work if it is agreed. Its cons is that SN may be the only node to configure FR2 gap but it needs to wait MN’s FR2 configuration. 
Solution 2: Per-UE and FR1 gap is configured by MN. FR2 gap is configured by SN (i.e. same as EN-DC)

The gap coordination procedure is shown in figure.2:
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Figure.2: gap coordination procedure of solution 2

The only difference from ED-NC is the signalling in orange rectangle from SN to MN because MN may schedule data in FR2 which needs FR2 gap configuration configured by SN in NR-DC.
And the exchanged information for gap coordination is:

· MN->SN: 
· the configured per-UE, FR1 measurement gap pattern and the gap purpose (per-UE or FR1);
· the list of MN configured frequencies in FR2 measured by the UE for FR2 gap; 
· SN->MN: 
· the list of SN configured frequencies in FR1 measured by the UE for FR1 gap, or the list of SN configured frequencies in both FR1 and FR2 measured by the UE for per-UE gap;
· the configured FR2 measurement gap pattern
The pros of solution 2 is the most like EN-DC, which means minor spec change. However, the cons is that this procedure is much more complex than solution 1 and MN may be the only node to configure FR2 gap, but it needs to wait SN’s FR2 configuration, i.e. similar issue of solution 1 is still there.
Solution 3: Per-UE is configured by MN. FR1/FR2 gap is configured by the node who first decided to configure the gap (i.e. the role will not change afterwards) 

For example, if MN first wants to configure FR1 gap, then it will configure FR1 gap and indicate it to SN. Then MN will be always responsible to configure/update FR1 gap afterwards.
This solution is quite complex, and may have one of the following 4 cases:

· Case 1: MN first/always configures FR1 gap and FR2 gap
· Case 2: MN first/always configures FR1 gap and SN first/always configures FR2 gap
· Case 3: MN first/always configures FR2 gap and SN first/always configures FR1 gap
· Case 4: SN first/always configures FR1 gap and FR2 gap
Depending on which case it is, the gap coordination procedure/exchanged info will be different. For example, case 1 will have procedure same as solution 1 (figure 1); case 2 will have procedure same as solution 2 (figure 2). Procedure of case 3/4 can be designed in similar way.

The pros of solution 3 is that the node who first wants to configure FR1/FR2 gap does not need to wait another node to configure it. However, FR1/FR2 gap may need update w.r.t change of configured frequency list to measure in either MN or SN. So, we think this benefit is quite likely to be minor when FR1/FR2 gap is updated. Furthermore, the cons is that this procedure is too complex, which includes 4 different cases.
Solution 4: Per-UE is configured by MN. Either MN or SN can configure/modify FR1/FR2 gap at any time. When new FR1/FR2 gap is configured, the gap configuration needs to be sent it to the other node via inter-node msg. (i.e. the role can be exchanged at any time)

Clearly, the pros of this solution are that the FR1/FR2 gap configuration latency is minimal (i.e. no need to wait the other node’s configuration). However, measurement gap configuration is a relatively static procedure. We don’t see much benefit in practical NR system. Furthermore, this solution means that UE and NW need to define rules to override previous gap configured by the other node, which is error-prone and should be avoided.   
Based con above analysis, we summarize pros and cons of the 4 solutions in table 2:

	Solution 
	Exchanged information
	Pros
	Cons

	Solution 1
	· MN->SN: the configured per-UE, per-FR ( FR1 and/or FR2) measurement gap pattern and the gap purpose (per-UE or per-FR1 or per-FR2)
· SN->MN: the list of SN configured frequencies in FR1 and FR2 measured by the UE

	· Simple
· No need to specify further NW coordination procedure
	SN may be the only node to configure FR2 gap, but it needs to wait MN’s FR2 configuration. 



	Solution 2
	· MN->SN: 

· the configured per-UE, FR1 gap pattern and gap purpose;
· the list of MN configured frequencies in FR2 measured by the UE for FR2 gap; 

· SN->MN: 

· the list of SN configured frequencies in FR1 measured by the UE for FR1 gap, or the list of SN configured frequencies in both FR1 and FR2 measured by the UE for per-UE gap, 
· the configured FR2 gap pattern
	most like ENDC (i.e. minor spec change from ENDC)
	· Complex than solution 1
· Similar issue of solution 1 is still there: MN may be the only node to configure FR2 gap, but it needs to wait SN’s FR2 configuration.

	Solution 3
	Depends on which of the 4 following cases:
· Case 1: MN first/always configures FR1 gap and FR2 gap

· Case 2: MN first/always configures FR1 gap and SN first/always configures FR2 gap

· Case 3: MN first/always configures FR2 gap and SN first/always configures FR1 gap

· Case 4: SN first/always configures FR1 gap and FR2 gap


	FR1/FR2 gap initial configuration latency is minimal (i.e. the node who first wants to configure FR1/FR2 gap does not need to wait the other node’s configuration)
	· Too complex (4 cases)
· Similar issue of solution 1/2 when FR1/FR2 gap needs update w.r.t change of configured frequency list to measure in either MN or SN

	Solution 4
	· MN->SN: 

· the configured per-UE, FR1 and/or FR2 gap pattern and gap purpose;
· the list of MN configured FR1/FR2 frequencies; 

· SN->MN: 

· the configured per-UE, FR1 and/or FR2 gap pattern and gap purpose;
· the list of SN configured FR1/FR2 frequencies; 


	FR1/FR2 gap configuration/update latency is minimal (i.e. no need to wait the other node’s configuration)
	· The benefit of low configuration latency may not be achieved in practical NR system 

· UE and NW need to define rules to override previous gap configured by the other node, which is error-prone and should be avoided.  


Table.2 comparison of 4 solutions for NR-DC 

Based on above comparison, we think that solution 1 is best because it is simple, and its issues are same for solution 2/3. Solution 3/4 provided unnecessary flexibility and should be avoided. So, we propose:

Proposal 1: In NR-DC, per-UE gap and per-FR gap (FR1 gap and/or FR2 gap) are configured by MN. And the exchanged information for gap coordination is:

· MN->SN: the configured per-UE, FR1 and/or FR2 measurement gap pattern and the gap purpose (per-UE or per-FR1 or per-FR2)

· SN->MN: the list of SN configured frequencies in FR1 and FR2 measured by the UE for both cases of per-UE gap and per-FR gap

If proposal 1 is not agreed (i.e. FR1 and FR2 gap may be configured by different nodes), then we think it is important to ensure that at most one FR1 gap and at most one FR2 gap is configured to the UE. Otherwise, UE will be confused which one to override.
Proposal 2: If proposal 1 is not agreed, then RAN2 is kindly requested to specify the inter-node coordination procedure to ensure that at most one FR1 gap and at most one FR2 gap is configured to the UE in NR-DC.

Finally, whichever the 4 solutions are adopted, we think the gap purpose (per-UE or FR1/FR2) is not required to be indicated to UE because existing ASN.1 of measurement gap configuration in TS38.331 had explicitly provided such info. It is not unlike EN-DC where one bit is explicitly indicated to UE whether it is per-UE or FR1 gap.
Proposal 3: The gap purpose (per-UE or FR1/FR2) is not required to be indicated to UE because existing ASN.1 of measurement gap configuration in TS38.331 had explicitly provided such info.
3 Summary
In this contribution, we discuss measurement gap configuration and coordination procedure in NR-DC. We propose:  

Observation 1: In EN-DC, RAN2 made the agreement that FR2 gap is configured by SN because the intention to keep LTE RRC structure without introducing measurement gap configuration for FR2 as there is no MeNB deployment in FR2.
Observation 2: The intention of SN configuration of FR2 gap is not valid in NR-DC because both MN and SN are NR and can work in both FR1 and FR2. Furthermore, RAN2 has introduced explicit per-UE and FR1/FR2 gap configurations in TS38.331.
Proposal 1: In NR-DC, per-UE gap and per-FR gap (FR1 gap and/or FR2 gap) are configured by MN. And the exchanged information for gap coordination is:

· MN->SN: the configured per-UE, FR1 and/or FR2 measurement gap pattern and the gap purpose (per-UE or per-FR1 or per-FR2)

· SN->MN: the list of SN configured frequencies in FR1 and FR2 measured by the UE for both cases of per-UE gap and per-FR gap

Proposal 2: If proposal 1 is not agreed, then RAN2 is kindly requested to specify the inter-node coordination procedure to ensure that at most one FR1 gap and at most one FR2 gap is configured to the UE in NR-DC.

Proposal 3: The gap purpose (per-UE or FR1/FR2) is not required to be indicated to UE because existing ASN.1 of measurement gap configuration in TS38.331 had explicitly provided such info.
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