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Introduction
During the SI phase of “Study on New Radio (NR) Access Technology”, there are at least two parameters of UE capability which have been agreed to be coordinated across the master and the secondary nodes in LTE/NR tight interworking network:
· Band combinations across RATs.
· Layer 2 buffer capabilities across the RATs.
This contribution discusses the coordinated solutions of those two parameters respectively.
Discussion
2.1 Band Combinations
2.1.1 UE capability acquisition by Master Node
In case of inter-working deployment with LTE as master node and NR as secondary node, referred to the content in the “UECapabilityInformation message” in LTE system, LTE MeNB can acquire two containers, each of which separately contains full UE-EUTRA-Capability or full UE-NR-Capability and its corresponding interRAT-Parameters.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Although there are lots of inter-RAT band combinations with different LTE band and different NR band, some of which are allowed and available. So, at least the band coordination between LTE band and NR band should be included in interRAT-Parameters, referred to following Table-1.
Table-1
	
	NR-FBI_1
	NR-FBI_2
	..
	NR-FBI_n

	LTE-FBI_ 1
	1
	n/a
	...
	1

	LTE-FBI_2
	0
	n/a
	...
	0

	...
	...
	n/a
	...
	...

	LTE-FBI_ m
	1
	n/a
	...
	0


Note:  row - LTE band, column - NR band, 1- compatibility, 0- incompatibility,  n/a- unused 
For instance, the inter-RAT band combination (LTE-FBI_1, NR-FBI_1) is available and indicated with “1”.  And the inter-RAT band combination (LTE-FBI_2, NR-FBI_1) is unavailable and indicated with “0”.
Observation 1: The inter RAT-Parameters in UE-EUTRA-Capability should include inter-RAT band coordination between LTE band and NR band. 
In addition, in case of LTE MeNB already configured with CA, SgNB addition should be restrict to inter-RAT band coordination between LTE BC (band combination) for CA and NR band, referred to Table-2.
Table-2
	
	NR-FBI_1
	NR-FBI_ 2
	..
	NR-FBI_x

	LTE BC 1
	1
	1
	...
	1

	LTE BC 2
	0
	n/a
	...
	0

	...
	...
	n/a
	...
	...

	LTE BC m
	1
	n/a
	
	0



Observation 2: The inter RAT-Parameters in UE-EUTRA-Capability should include inter-RAT band coordination between LTE BC band and NR band.
Furthermore, in case of inter-working deployment, both SgNB and MeNB can be configured with CA at the same time, for the similar reason abovementioned, the compatibility coordination between LTE BC (band combination) for CA and NR BC for CA should also be considered, referred to Table-3.
Table-3:
	
	NR BC 1
	NR BC 2
	..
	NR BC x

	LTE BC 1
	1
	0
	...
	1

	LTE BC2
	0
	n/a
	...
	0

	...
	...
	n/a
	...
	...

	LTE BC m
	1
	n/a
	
	0



Observation 3: The inter RAT-Parameters in UE-EUTRA-Capability should include inter-RAT band coordination between LTE BC and NR BC.
For the same reason, in case of inter-working deployment with NR as master node and LTE as secondary node, the interRAT-Parameters in UE-NR-Capability should include above three kinds of compatibility coordination.
Proposal 1: The inter RAT-band combination parameters should indicate the band combination of: 
· single master RAT band + single secondary RAT band
· master RAT band combination + single secondary RAT band
· master RAT band combination + secondary RAT band combination

In LTE Dual connectivity, for each band in one band combination, the MIMO related capability can be configured separately. If the some kind of capability is still required to be configured for each band in the inter-RAT band combination, the frequency band list with capability should also be used to indicate the inter-RAT band combination. However, in case the frequency band specific capability is not required, some kind of table based solution shown above can be used to indicate the inter-RAT band combination.
Proposal 2: If no frequency band specific capability (e.g. MIMO capability) is required for each band within the inter-RAT band combination, the table based solution shown above can be used to indicate the inter-RAT band combination instead of the frequency band list with band specific capability.

2.1.2 Initial Configuration
Considering RRM in LTE, when LTE MeNB wishes to add SgNB for interworking, it will select compatible NR band for measurement configuration according to its MCG’s band/BC and interRAT-Parameters. Furthermore, MeNB should have the detail NR band value as measurement object which is necessary for measurement configuration.
Observation4: Master node is required to understand the frequency band indicator defined for the frequency band of secondary RAT. 
When the measurement results from one or some NR cell satisfy inter-working threshold, 1) MeNB sends SgNB Addition Request message, which includes MeNB’s band/BC, UE-NR-Capability and target NR cell(s). If there are more than one target NR cells and CA configuration is allowed in SgNB addition procedure, SeNB addition request message can also include measurement results of these target cells. 2) SeNB decides PScell and Scell from target cells and then sends SeNB addition acknowledge message with radio resource configuration to MeNB. 3) MeNB constructs full RRC message to UE.


Fig 
In other word, during initial configuration procedure, MN is charge of SN’s measurement configuration, it is easy to guarantee the inter-RAT band/BC compatibility if SN’s measurement band(s) is/are configured with compatible MN’s band/BC and the target cell(s) as PScell (Scell) is/are restrict to these cell(s). 
Proposal 3: For the initial secondary node addition procedure, the master node configures the measurement for its compatible secondary RAT band(s) , and determine the target Secondary node based on the measurement result. With the forwarded measurement result from master node, the secondary node determines the target cell. 
2.1.3 Re-negotiation
In SI phase, we have achieved follow agreement.
· For the SN/MN RRC reconfiguration requiring also MN/SN RRC reconfiguration, a MN RRC message is delivered with an embedded SN RRC message.
· For SN RRC reconfigurations not requiring any coordination with MN then SN RRC messages can be transported directly to the UE (or eNB implementation can be deliver it embedded within a MN RRC message).
If SN wishes to change SCG band (e.g., Scell addition, modification, release), there are two cases according to above agreement.
Case 1: The changed SCG band is still within inter-RAT band compatibility. In this case, SN can send SN RRC message to UE and then notify MN of SCG band change information.
Case 2: The changed SCG band is out of inter-RAT band compatibility. In this case, SN should firstly send SCG modification (SgNB Re-config) request message to MN, MN can either allow or refuse SN target band change.


Fig
Proposal 4: If the frequency band or band combination used in secondary node does not exceed the capability derived based on the inter-RAT band combination coordination procedure, secondary node can use these frequency band directly. Otherwise, the negotiation with master node should be preformed first.
2.2 Layer 2 buffer capabilities
It has been agreed that the Layer 2 buffer size can be shared by two RATs. In order to achieve the sharing of L2 buffer size, two alternatives can be considered:
Alternative 1: L2 buffer size is implicit indicated by the UE category per RAT, and a table based coordination can be processed in the category level.
Table 4: Example for the category based L2 buffer sharing
	
	NR Category 1
	NR Category 2
	..
	NR Category n

	LTE Category 1
	1
	1
	...
	1

	LTE Category 2
	1
	1
	...
	0

	...
	...
	0
	...
	...

	LTE Category m
	1
	0
	
	0


Note: m- UE category lever in UE-EUTRA-Capability, n- UE category lever in UE-NR-Capability.
In this Table above, the category combination indicate by “1” means the two categories can be used simultaneously in LTE and NR accordingly.

Alternative 2: L2 buffer size is explicitly splitted by the master node and the splitted L2 buffer size is configured to secondary node in byte.

Proposal 5: The following two alternatives can be considered for the sharing of L2 buffer size:
· Alt 1: L2 buffer size is implicit indicated by the UE category per RAT, and a table based coordination can be processed in the category level.
· Alt 2: L2 buffer size is explicitly splitted by the master node and the splitted L2 buffer size is configured to secondary node in byte.


Conclusion
It is proposed that RAN2 discuss and adopt on following observations and proposals:
For the frequency band capability coordination
Observation 1: The interRAT-Parameters in UE-EUTRA-Capability should include inter-RAT band coordination between LTE band and NR band. 
Observation 2: The interRAT-Parameters in UE-EUTRA-Capability should include inter-RAT band coordination between LTE BC band and NR band.
Observation 3: The interRAT-Parameters in UE-EUTRA-Capability should include inter-RAT band coordination between LTE BC and NR BC.
Observation4: Master node is required to understand the frequency band indicator defined for the frequency band of secondary RAT. 

Proposal 1: The inter RAT-band combination parameters should indicate the band combination of: 
· single master RAT band + single secondary RAT band
· master RAT band combination + single secondary RAT band
· master RAT band combination + secondary RAT band combination

Proposal 2: If no frequency band specific capability (e.g. MIMO capability) is required for each band within the inter-RAT band combination, the table based solution shown above can be used to indicate the inter-RAT band combination instead of the frequency band list with band specific capability.

Proposal 3: For the initial secondary node addition procedure, the master node configures the measurement for its compatible secondary RAT band(s), and determines the target secondary node based on the measurement result. With the forwarded measurement result from master node, the secondary node determines the target cell. 

Proposal 4: If the frequency band or band combination used in the secondary node does not exceed the capability derived based on the inter-RAT band combination coordination procedure, secondary node can use these frequency band directly. Otherwise, the negotiation with master node should be preformed first.

For the layer 2 buffer size
Proposal 5: The following two alternatives can be considered for the sharing of L2 buffer size:
· Alt 1: L2 buffer size is implicit indicated by the UE category per RAT, and the table based coordination can be processed in the category level.
· Alt 2: L2 buffer size is explicitly splitted by the master node and the splitted L2 buffer size is configured to the secondary node in byte.

References
[1]. R2-1700913, UE capability signalling for tight interworking, Ericsson
[2]. R2-1701676, Consideration on the capability coordination in LTE/NR tight interworking, ZTE, ZTE Microelectronics

1

6

oleObject2.bin
UE


NR SgNB


LTE MeNB


Compatible Judgement about the target NR band/BC


NR band/BC Change Notification


NR band/BC Change Request


NR band/BC Change Response


RRC Connection 
Reconfiguration Procedure


SgNB Reconfiguration Complete


RRC Connection Reconfiguration Procedure


Case (1)


Case (2)



image1.emf
UE NR SgNB LTE MeNB

Deciding the measurement 

object(s) of NR RAT, based on 

the serving band/BC of LTE RAT, 

IRAT BC parameters and the 

specific NR operating band

Measurement Control

(Inter-RAT measurement)

Measurement Report

SgNB Addition Request

(Serving band/BC of LTE RAT, 

UE-NR-Capability,target cell(s), 

and the possible measurement 

results)

Choosing PSCell,and 

the possible Scell

SgNB Addition Request ACK

RRC Connection 

Reconfiguration Procedure


oleObject1.bin
UE


NR SgNB


LTE MeNB


Deciding the measurement object(s) of NR RAT, based on the serving band/BC of LTE RAT, IRAT BC parameters and the specific NR operating band


Measurement Control
(Inter-RAT measurement)


Measurement Report


SgNB Addition Request
(Serving band/BC of LTE RAT, UE-NR-Capability,target cell(s), and the possible measurement results)


Choosing PSCell,and the possible Scell


SgNB Addition Request ACK


RRC Connection 
Reconfiguration Procedure



image2.emf
UE NR SgNB LTE MeNB

Compatible Judgement 

about the target NR 

band/BC

NR band/BC Change Notification

RRC Connection Reconfiguration Procedure

NR band/BC Change Request

NR band/BC Change Response

R

RC

 

Connec

ti

on

 

Reconfi

gu

r

a

ti

on

 

P

r

ocedu

r

e

SgNB Reconfiguration Complete

Case (1)

Case (2)


