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1. Introduction
During the Email Discussion [94#39][NR] C plane aspects for tight interworking, the capability coordination for LTE/NR tight interworking has been discussed. In this contribution, we intend to provide some further consideration on the UE capability coordination in LTE/NR tight interworking.
2. Consideration on the capability for coordination
In LTE, the capability of different RAT is given in separate container “UE-CapabilityRAT-Container”. In each container, an IE “RAT-Type” is included to indicate the type of RAT. Moreover, the definition of capability in each container will refer to the protocol of each RAT. For example, For LTE, the encoding of UE capabilities is defined in IE UE-EUTRA-Capability in TS 36.331; and for UTRA the octet string contains the INTER RAT HANDOVER INFO message defined in TS 25.331. Since the intention is that the capability will only be used for the corresponding RAT, the definition in each RAT is totally different. In LTE dual connectivity, the capability “Maximum number of bits of a DL-SCH transport block received within a TTI” is considered as the capability which can be shared by MeNB and SeNB. Since both the MeNB and SeNB use LTE and have the same understanding on the consumption law of the capability “Maximum number of bits of a DL-SCH transport block received within a TTI”, this capability can be splitted by MeNB easily. However, if we assume UMTS is used on SeNB side, the situation will become much more complex. One example is given as follow:
-------------------------------------------------from 25.306 start-------------------------------------------------------------
Table 5.1a: FDD HS-DSCH physical layer categories
	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within
an HS-DSCH TTI
NOTE 1
	Total number of soft channel bits

	Supported modula-tions without MIMO operation
or dual cell operation
	Supported modula-tions with MIMO operation and without dual cell operation
	Supported modula-tions with dual cell operation
	Supported modula-tions with simulta-neous dual cell and MIMO operation

	Category 1
	5
	3
	7298
	19200
	QPSK, 16QAM
	Not applicable 
(MIMO not supported)
	Not applicable (dual cell operation not supported)
	Not applicable (simultaneous dual cell and MIMO operation not supported)

	Category 2 
	5
	3
	7298
	28800
	
	
	
	

	Category 3
	5
	2
	7298
	28800
	
	
	
	

	Category 4
	5
	2
	7298
	38400
	
	
	
	

	Category 5 
	5
	1
	7298
	57600
	
	
	
	

	Category 6
	5
	1
	7298
	67200
	
	
	
	

	Category 7
	10
	1
	14411
	115200
	
	
	
	

	Category 8
	10
	1
	14411
	134400
	
	
	
	

	Category 9
	15
	1
	20251
	172800
	
	
	
	


-------------------------------------------------from 25.306 end-------------------------------------------------------------
-------------------------------------------------from 36.306 start-------------------------------------------------------------
Table 2: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 0 (Note 2)
	1000
	1000
	25344
	1

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4


-------------------------------------------------from 36.306 end-------------------------------------------------------------
The table 1 refers to part of the “FDD HS-DSCH physical layer categories” defined in 25.306 and the table 2 refers to part of the “Downlink physical layer parameter values set by the field ue-Category” defined in TS 36.306. In case UE report category 1 in UMTS and category 1 in LTE, since the definition of capability is totally different and how to translate the values given in the two tables between LTE and NR is undefined, it is difficult for the MeNB to decide how to split the capability and what does the splitted capability really mean to SeNB and UE. 
Observation 1: Having different definition of capabilities in LTE and NR will cause considerable complexity in the capability coordination.
In order to save the complexity in the capability coordination between LTE and NR, having a common capability definition (i.e. introduce the capability of NR in the existing LTE capability with a back forward compatible way) for both LTE and NR would be a good choice. 
Proposal 1: Try to have a common definition (e.g. introduce the capability of NR in the existing LTE capability with a back forward compatible way) for the capability which can be shared between LTE and NR.
However, considering different numerologies will be used in NR, it may be difficult to define a common capability for both LTE and NR. So, in case different definition of capability is used in LTE and NR, some description should be introduced in both the LTE and NR protocols explicitly to capture how to translate the capability consumption (e.g. how to calculate the consumption of capability) between LTE and NR.
Proposal 2: For the capability which can be shared between LTE and NR, if the definition of capability is different in LTE and NR, some description should be introduced in both the LTE and NR protocols explicitly to capture how to translate the capability consumption (e.g. how to calculate the consumption of capability) between LTE and NR.
Besides the definition of capability, we also want to share some views about that which kind of capabilities should be coordinated in the LTE/NR tight interworking. Considering that we only intend to support the tight interworking between LTE and NR, we propose to limit the capability coordination in the capabilities defined in LTE and NR.
Proposal 3: The capabilities which need to be coordinated should be limited to the capabilities defined in LTE and NR.
In LTE, since all the RRM/RRC function will be handled in MeNB, only the ue-category related capability need to be coordinated. However, in LTE/NR tight interworking, since the NR RRM may be located in NR SeNB, the NR SeNB can make the decision for the SCell addition/release/intra-NR mobility/measurement configuration, which means the coordination for RF and measurement related capability should also be supported. So, the coordination for the following capabilities should be considered.
· Capabilities indicated by the ue-category, including the “Maximum number of bits of a DL-SCH transport block received within a TTI”, “Total number of soft channel bits”, etc.
· RF parameters: including the supported band list or band combination list and other capability related to the RF.
· Measurement related capability: including the requirement on measurement gap, and the maximum number of measurement (e.g. maximum number of measurement ID or measurement object ID.)
Proposal 4: The capabilities above should be considered in the capability coordination between LTE and NR.
3. Consideration on the coordination procedure
Based on the discussion in LTE dual connectivity, two basic coordination procedure can be considered for the capability coordination in the LTE/NR tight interworking:
· Coordination over X2-new interface (i.e. interface between LTE MeNB and NR SeNB): The capability coordination is processed over X2-new interface through the X2-new application protocol. In the X2-new based capability coordination, the LTE MeNB may split UE capability and provides the splitted values to NR SeNB, which is quite similar as what we have in LTE dual connectivity.
· Coordination over UU interface: UE receive or decide the split of capability and inform the NW by the capability update similar procedure.
· Split decided by UE: UE decide the capability split and inform NW by capability update procedure. 
· Split decided by NW: UE receive the splitted capability from MeNB and inform SeNB the splitted capability by capability update procedure. 
Considering the coordination over UU interface cannot be used for the initial NR node addition and may cause frequently RRC signalling over UU interface. Also considering that it has been agreed the framework of LTE dual connectivity should be considered as baseline in the LTE/NR tight interworking, we propose to take the X2-new interface based capability coordination as baseline.
Proposal 5: X2-new interface based capability coordination should be considered as baseline.
In proposal 4, three kinds of capability which may be shared between LTE and NR are identified. For the capability indicated by the ue-category, since the consumption of this capability may change dynamically every TTI according to the scheduling and the consumption cannot be estimated by the other node, the hard split should be used for this kind of capability and MeNB shall inform SeNB the splitted capability through X2-new interface.
Proposal 6: For the capability that the consumption of capability may change dynamically every TTI according to the scheduling and cannot be estimated by the other node, the hard split should be used for this kind of capability and MeNB shall inform SeNB the splitted capability through X2-new interface.
For the RF parameters and measurement related capabilities, since the consumption of this kind of capability will be triggered by RRC procedure (e.g. Scell addition), the consumption of capability will not change very fast and the consumption can be derived by the information exchange over X2 interface. For example, once MeNB add one scell, MeNB can inform the information of newly added scell to the NR gNB. Then, NR gNB can derive the consumption of RF capability used on LTE side and have a whole picture on the overall consumption of RF capability.
Proposal 7: For the capability that the change of consumption will be triggered by RRC procedure, the LTE MeNB/NR SeNB should inform each other the change of consumption over X2-new interface. And then, the LTE MeNB and SeNR can derive the overall consumption based on the information received.
As discussed in [3]. in order to save the complexity, the LTE MeNB and NR SeNB shall not be required to understand the NR RRC and LTE RRC accordingly. So, the capability coordination information shall be defined in the X2-new application protocol explicitly instead of referring to the RRC protocol.
Proposal 8: The capability coordination information (e.g. the hard split of capability, the change of capability consumption) shall be defined in the X2-new application protocol explicitly instead of referring to the RRC protocol.
4. Conclusion
Based on all the analysis above, we give our observations and proposals as follow:
Consideration on the capability for coordination
Observation 1: Having different definition of capabilities in LTE and NR will cause considerable complexity in the capability coordination.
Proposal 1: Try to have a common definition (e.g. introduce the capability of NR in the existing LTE capability with a back forward compatible way) for the capability which can be shared between LTE and NR.
Proposal 2: For the capability which can be shared between LTE and NR, if the definition of capability is different in LTE and NR, some description should be introduced in both the LTE and NR protocols explicitly to capture how to translate the capability consumption (e.g. how to calculate the consumption of capability) between LTE and NR.
Proposal 3: The capabilities which need to be coordinated should be limited to the capabilities defined in LTE and NR.
Proposal 4: The following capabilities should be considered in the capability coordination between LTE and NR.
· Capabilities indicated by the ue-category
· RF parameters
· Measurement related capability
Consideration on the coordination procedure
Proposal 5: X2-new interface based capability coordination should be considered as baseline.
Proposal 6: For the capability that the consumption of capability may change dynamically every TTI according to the scheduling and cannot be estimate by the other node, the hard split should be used for this kind of capability and MeNB shall inform SeNB the splitted capability through X2-new interface.
Proposal 7: For the capability that the change of consumption will be triggered by RRC procedure, the LTE MeNB/NR SeNB should inform each other the change of consumption over X2-new interface. And then, the LTE MeNB and SeNR can derive the overall consumption based on the information received.
Proposal 8: The capability coordination information (e.g. the hard split of capability, the change of capability consumption) shall be defined in the X2-new application protocol explicitly instead of referring to the RRC protocol.
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