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1 Introduction
For EN-DC (option 3), RAN2 has made a lot of efforts on RRM. Now, for RRM of NE-DC of Rel-15 late drop, it is better to reuse the current procedure of EN-DC as much as possible because RAN2 has only 3 meetings to finalize the design.  
In this contribution, we will list key procedures of current EN-DC, and analyze whether each of them can be reused, or it has to be changed due to NE-DC. For the procedure changes are required, we will also provide the suggested new procedure or RRC impacts.
2 Discussion  
We discuss the RRM from the following 4 major parts: 1. Basic RRM framework; 2. Measurement report contents and events 3. Measurement gap; 4. SFTD.
2.1 Basic RRM framework

The key procedures of EN-DC RRM are summarized in Table 1, and we also provide our consideration whether to reuse them.

	Procedure
	What we have in option 3
	Need change in option 4?

	MN configured measurements
	MN can configure inter-RAT and intra-RAT measurements via SRB1
	No

	SN configured 
Measurements via SRB1
	SN can configure intra-RAT measurements through encapsulating its RRM configuration in NR RRC message via SRB1

	No (i.e. SN configured measurement can be encapsulated in LTE RRC message via SRB1)
· Support flexible SCell addition/release in SN

· Support MN handover with SN change, especially for the scenario that PCell/MN operates in mmW

	SN configured 
Measurements via SRB3
	SN can independently configure intra-RAT measurements via SRB3 
	Yes (i.e. not support)
· There is no need to introduce SRB3 in LTE spec for NE-DC 

	RRC encoding format of SN configured measurement reporting
	NR RRC format
· Following the principle that source adapts the target format
	LTE RRC format
· Also follow the same principle that source adapts the target format

	UE behavior on reception of separate RRM configuration from MN/SN
	UE does not do any manipulation of parameters to make measurement configurations from MN and SN consistence (i.e. NW responsibility)
	No
· At least in rel15, we don’t see any reason to change this procedure of EN-DC

	Network coordination on number of frequency layer
	MN indicates SN the number of frequency layers that can be used in SN so that total frequency layers are not beyond UE capability, but re-negotiation is not supported 
	No

· At least in rel15, we don’t see any reason to change this procedure of EN-DC


            Table.1 key procedures of option 3 RRM and consideration for option 4 
Based on the table, we can see that a main difference is the SN configured measurement via SRB3. In option 3, it was agreed because the requirement of quick RRM configuration and reporting in SN. However, in option 4, LTE node works as SN and we don’t see need to introduce SRB3 in LTE spec. Furthermore, in our companion contribution [3], we provide our comprehensive analysis why SRB3 should not be supported in option 4 needs to support SRB3. Alternatively, SN can still configure measurement via SRB1 transparent container. 
Observation 1: in option 3, SN configured measurement via SRB3 was agreed because the requirement of quick RRM configuration and reporting in SN. However, in option 4, LTE node works as SN and we don’t see need to introduce SRB3 in LTE spec. As alternative, SN can still configure measurement via SRB1 transparent container. 
Based on the discussion, we propose:
Proposal 1: For RRM basic framework of option 4 (NE-DC)
· Adopt the following procedures same as option 3 

· MN can configure inter-RAT and intra-RAT measurements via SRB1
· SN can configure intra-RAT measurements via SRB1
· MN indicates SN the number of frequency layers that can be used in SN so that total frequency layers are not beyond UE capability, but re-negotiation is not supported
· UE does not do any manipulation of parameters to make measurement configurations from MN and SN consistence
· Adopt the following procedures different from option 3

· Not support SN configured RRM via SRB3

· Measurement results from SCG are encoded in LTE RRC format 

The above RRM framework for option 4 needs the support of new inter-node RRC IE or message to forward SN configured RRM measurement and maximum number of measured LTE frequency layers that can be used in SN. We discussed this issue in our companion paper [4]. We prefer to extend the inter-Node RRC messages defined in LTE RRC spec (i.e. SCG-Config/SCG-ConfigInfo) for it. In addition, the measurement results can be included in LTE ULInformationTransferMRDC message.
Based on above discussion, the RRM procedure of option 4 different from option 3 can be summarized in Figure.1. 
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            Figure.1 major RRM procedure of option 4 different from option 3
2.2 Measurement report contents and events
The key agreements of EN-DC measurement reports/events are summarized in Table 2, and we also provide our consideration whether to reuse them.

It looks quite straight forward from table 2. We propose:
Proposal 2: For RRM reports and events of option 4 (NE-DC):

· In NR/MN, support both SSB and CSI-RS based RRM, and up to 2 L3 filtering coefficients for NR measurement.
· MN/NR supports intra-RAT event A1-A6 for NR RRM and inter-RAT event B1/B2 for LTE RRM

· Available measurement results of LTE serving cell and best neighbor cells can be included in MN/NR event A3/A4/A5 and B1/B2.
· SN/LTE supports intra-RAT event A1-A6 for LTE RRM
	Procedure
	What we have in option 3
	Need change in option 4?

	Measurement RS
	· In LTE/MN, only support CRS based RRM
· In NR/SN, support both SSB and CSI-RS based RRM 
	No change in basic principle 
· In NR/MN, support both SSB and CSI-RS based RRM
· In LTE/SN, support only LTE CRS based RRM

	Measurement quantities 
	· Support RSRP/RSRQ/SINR for NR measurement
· Up to 2 L3 filtering coefficients for NR measurement
	No

	Measurement event in MN 
	· MN/LTE supports inter-RAT event B1/B2 for NR RRM, and intra-RAT event A1-A6 for LTE RRM
· Available measurement results of NR serving cell and best neighbor cells can be included in MN/LTE event A3/A4/A5 and B1/B2, to support inter-MN HO
	No change in basic principle 
· MN/NR supports intra-RAT event A1-A6 for NR RRM and inter-RAT event B1/B2 for LTE RRM
· Available measurement results of LTE serving cell and best neighbor cells can be included in MN/NR event A3/A4/A5 and B1/B2, also to support inter-MN HO

	Measurement event in SN
	SN/NR supports intra-RAT event A1-A6 for NR RRM
	No
· SN/LTE supports intra-RAT event A1-A6 for LTE RRM


Table.2 key agreements of option 3 RRM report/events and consideration for option 4
2.3 Measurement gap

RAN2 took a lot of time on measurement gap discussion for option 3. Similar to measurement framework, the key procedures of EN-DC measurement gap are summarized in Table 3, and we also provide our consideration whether to reuse them.
	Procedure
	What we have in option 3
	Need change in option 4?

	Measurement gap type
	Support per-UE and per-FR gap where per-FR gap is UE capability 
	No change

	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 
	Yes (MN configures both per-UE and per-FR gap)
· There is no need to introduce FR2 gap configuration in LTE (SN) because LTE node can’t work 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
	Yes (see below details)
· No need of info MN→SN because MN decides/configures all gaps 

· SN needs to indicate MN whether to perform inter-frequency measurement so that MN can determine the suitable gap type and pattern with SN’s measurement requirement
· Frequency list is not needed because LTE’s CRS has fixed periodicity and inter-RAT RRM should not be supported in SN

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

· SN→MN: No 
	No change
· MN decides/configures all gaps 

	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
	Yes
· No need for both MN→SN and MN→UE because SN (LTE) can’t work in FR2


Table.3 key procedures of option 3 measurement gap and consideration for option 4
Based on the analysis in Table 3, we can see major differences are:

· MN configures FR2 gap because there is no need to introduce FR2 gap in LTE spec. Following this, there is no need to indicate gap type to SN and UE.

· Gap assistance information: MN does not need to send assistance info to SN, and SN only needs to indicate MN whether to perform inter-frequency measurement so that MN can determine the suitable gap type and pattern with SN’s measurement requirement.
Observation 2: In option 4, there is no need to introduce FR2 gap configuration in LTE (SN) because LTE node can’t work in FR2, and also no need for MN to indicate gap type to SN in option 3. 
Observation 3: SN only needs to indicate MN whether to perform inter-frequency measurement because LTE’s CRS has fixed periodicity and inter-RAT RRM should not be supported in SN.
Based on the discussion, we propose:

Proposal 3: For measurement gap of option 4 (NE-DC)

· Adopt the following procedures same as option 3 

· Support per-UE and per-FR gap where per-FR gap is UE capability
· MN configures both per-UE and per-FR gap, and indicates updated per-UE/FR gap to SN 
· Explicit configuration will be used for the change between per FR and per UE gap configurations (i.e. the per UE or per FR configurations are explicitly released)
· Adopt the following procedures different from option 3

· MN also configures FR2 gap and does not indicate gap type to SN and UE.
· No gap assistance information is required from MN to SN
· SN needs to indicate MN 1-bit signalling whether to perform inter-frequency measurement, whenever there is change in the measurement requirement
2.4 SFTD
The key agreements of EN-DC SFTD measurements are summarized in Table 4, and we also provide our consideration whether to reuse them.

	Procedure
	What we have in option 3
	Need change in option 4?

	SFTD configuration
	PCell can configure SFTD 
· when EN-DC is configured (i.e. PSCell is configured)
· before EN-DC is configured for neighbor cells (i.e. PSCell is not configured yet)
· up to 3 neighbor cells 
· at most one measID for one-shot SFTD reporting
	No change on principle
· MN and SN still have different scheduling unit in NE-DC so SFTD principle (i.e. not SSTD for LTE DC) should be followed

	SFTD report contents
	· SFN and frame timing difference
· PCI and optional cell RSRP 
	FFS
· RAN4 still needs to discuss the content of measurements [5] and associated requirements (e.g. the number of cells the UE shall be able to measure.)


	Related inter-node RRC message
	MN can forward SFTD reporting to SN via CG-ConfigInfo
	No change on procedure
· SCG-ConfigInfo of LTE used for SFTD reporting


Table.4 key procedures of option 3 SFTD measurement and consideration for option 4

Observation 4: The SFTD principle in option 3 can be reused in option 4 because MN and SN still have different scheduling unit in NE-DC. 

Proposal 4: For SFTD measurement of option 4 (NE-DC):

· PCell can configure SFTD to perform on PSCell 

· At most one measID can be configured for one-shot SFTD reporting.
· MN can forward SFTD reporting to SN via SCG-ConfigInfo of LTE
· Measurement quantity and associated requirements (e.g. the number of cells the UE shall be able to measure) are FFS (RAN4)

3 Summary
In this contribution, we list key RRM procedures of current EN-DC, and analyze whether each of them can be reused, or the spec change is required due to NE-DC. We propose:  

Observation 1: in option 3, SN configured measurement via SRB3 was agreed because the requirement of quick RRM configuration and reporting in SN. However, in option 4, LTE node works as SN and we don’t see need to introduce SRB3 in LTE spec. As alternative, SN can still configure measurement via SRB1 transparent container. 
Observation 2: In option 4, there is no need to introduce FR2 gap configuration in LTE (SN) because LTE node can’t work in FR2, and also no need for MN to indicate gap type to SN in option 3. 

Observation 3: SN only needs to indicate MN whether to perform inter-frequency measurement because LTE’s CRS has fixed periodicity and inter-RAT RRM should not be supported in SN.
Observation 4: The SFTD principle in option 3 can be reused in option 4 because MN and SN still have different scheduling unit in NE-DC. 
Proposal 1: For RRM basic framework of option 4 (NE-DC)

· Adopt the following procedures same as option 3 

· MN can configure inter-RAT and intra-RAT measurements via SRB1
· SN can configure intra-RAT measurements via SRB1
· MN indicates SN the number of frequency layers that can be used in SN so that total frequency layers are not beyond UE capability, but re-negotiation is not supported
· UE does not do any manipulation of parameters to make measurement configurations from MN and SN consistence
· Adopt the following procedures different from option 3

· Not support SN configured RRM via SRB3

· Measurement results from SCG are encoded in LTE RRC format 

Proposal 2: For RRM reports and events of option 4 (NE-DC):

· In NR/MN, support both SSB and CSI-RS based RRM, and up to 2 L3 filtering coefficients for NR measurement.
· MN/NR supports intra-RAT event A1-A6 for NR RRM and inter-RAT event B1/B2 for LTE RRM

· Available measurement results of LTE serving cell and best neighbor cells can be included in MN/NR event A3/A4/A5 and B1/B2.

· SN/LTE supports intra-RAT event A1-A6 for LTE RRM
Proposal 3: For measurement gap of option 4 (NE-DC)

· Adopt the following procedures same as option 3 

· Support per-UE and per-FR gap where per-FR gap is UE capability
· MN configures both per-UE and per-FR gap, and indicates updated per-UE/FR gap to SN 
· Explicit configuration will be used for the change between per FR and per UE gap configurations (i.e. the per UE or per FR configurations are explicitly released)

· Adopt the following procedures different from option 3

· MN also configures FR2 gap and does not indicate gap type to SN and UE.
· No gap assistance information is required from MN to SN
· SN needs to indicate MN 1-bit signalling whether to perform inter-frequency measurement, whenever there is change in the measurement requirement
Proposal 4: For SFTD measurement of option 4 (NE-DC):

· PCell can configure SFTD to perform on PSCell 

· At most one measID can be configured for one-shot SFTD reporting.
· MN can forward SFTD reporting to SN via SCG-ConfigInfo of LTE
· Measurement quantity and associated requirements (e.g. the number of cells the UE shall be able to measure) are FFS (RAN4)
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