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1	Introduction
Agreements:
Agree the following principle: the master node and the secondary node only need to use own RAT UE capabilities (which will include some other RAT capabilities relating to the interworking). At least for the initial configuration of interworking case these are provided on the master node RAT or from core network
RAN2 aim for a solution where the master node and secondary node are not required to comprehend each other’s UE configuration.


Table 1: RAN2 agreements made in the RAN2#95-bis meeting
Agreements
1:	NR Capability is defined as the UE capability container for NR to include all NR specific capabilities required for the standalone operation.
1a:		The capabilities for CA/DC within NR are reported, if supported, in the NR Capability.
FFS Whether LTE/NR DC specific capabilities requiring coordination between eNB and gNB are included in NR-Capability or LTE Capability or a new LTE/NR-Capability container.
3:	The eNB/gNB should be able to retrieve NR Capability, LTE/NR-Capability (if agreed) and LTE-Capability depending on the NSA/SA operations.
4:	In case of LTE-NR DC/MC, the master node should be able to forward LTE/NR-Capability (if agreed) and the secondary RAT specific capability (NR-Capability or EUTRA-Capability) to the secondary node within “SCG-ConfigInfo” (The IE name for LTE-NR DC/MC is TBD).

Table 2: RAN2 agreements made in the RAN2#97-bis meeting
During the previous RAN2 meetings the agreements listed above have been made with regards to the node capability coordination in LTE/NR tight interworking. In this contribution, we would like to discuss how the master node may be able to estimate whether LTE/NR tight interworking should be attempted for a given configuration, especially with the working assumption that case the master and secondary nodes are not required to understand/comprehend each other’s capabilities, and hence may not be able to estimate a priori, the expected performance of each other.
In addition, we also discuss the FFS issue listed above:
FFS Whether LTE/NR DC specific capabilities requiring coordination between eNB and gNB are included in NR-Capability or LTE Capability or a new LTE/NR-Capability container.
2	Background

Figure 2-1: LTE-NR DC scenarios under consideration for the WI phase
The discussion in the rest of the document is applicable at least for the well-known Scenario 3 and 7 shown above.
For the purposes of focussing the discussion in this document we reiterate the summary in the RAN2 TR 38.912 ([2]), the capability:
	In addition, if the UE supports DC between LTE and NR, the following principles are additionally taken into account:
1.	LTE capability changes;
2.	NR capability reporting supports independent capability reporting in accordance with the principle described in this sub-clause.
3.	Capability dependency between LTE and NR.
-	Type I capabilities:	The use of the capability is isolated to the RAT.
-	Type II capabilities:	The use of the capability in one RAT has impacts to the other RAT but is not understood by the NW side of the other RAT.
-	Type III capabilities:	The use of the capability in one RAT has impacts to the other RAT and is understood by the NW side of the other RAT.
For Type I capabilities, no coordination between LTE and NR is required. The secondary RAT specific capabilities are merely forwarded by the master node to the secondary node, following the baseline DC within LTE. Some capabilities (e.g. RF capability) are coordinated using Xx/Xn and involve a reconfiguration of the UE. The configuration of the UE does not exceed its capabilities. Some capabilities (e.g. buffer size) are coordinated using Xx/Xn and will not involve a reconfiguration of the UE. In this case, the ongoing operation of the network does not exceed the UE capabilities.
NOTE 1:	The above type definitions are guidance for the purpose of discussion in the SI and early part of the WI phase. They will not limit further discussion and will not be captured in the specifications.
The UE capability coordination between LTE and NR is applied for all the deployment scenarios described in sub-clause 4.1.2.1, 4.1.2.2 and 4.1.2.3 except for the scenarios of single connectivity. At least, the following UE capabilities need to be coordinated across the master node and the secondary node:
-	Band combinations across RATs;
-	Layer-2 buffer.
For the UE capabilities requiring coordination between LTE and NR, only two nodes (i.e. one eNB and one gNB) need to be involved. Nevertheless, the forward compatibility towards multiple node connectivity can be considered as well. It is up to the master node to decide on how to resolve the dependency between LTE and NR. The secondary node can initiate the re-negotiation of the UE capability. Upon receiving the re-negotiation request from the secondary node, it is up to the master node to make the final decision.



We shall focus our discussion to the sharing and coordination of the following capabilities:
-	Band combinations across RATs
-	Layer-2 buffer
-	UL transmit power
3	UE capability structure for LTE/NR DC
We deal with the FFS listed in the introduction first,
FFS Whether LTE/NR DC specific capabilities requiring coordination between eNB and gNB are included in NR-Capability or LTE Capability or a new LTE/NR-Capability container.
The UE capability may be broadly categorized into the following sub-groups:
· RF capabilities (Band combinations and capabilities that are per band combination)
· PHY capabilities (Receiver, MIMO and TM capabilities, feedback, codebooks etc.)
· Protocol-specific capabilities (MAC/RLC/PDCP based capabilities)
· Measurement specific capabilities
· Feature specific capabilities
· UE category indication
· Inter-RAT capabilities (e.g. frequency bands supported by inter-RAT)
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Figure 3-1: Joint LTE-NR capabilities
A simple illustration of the LTE/NR capabilities is shown in Figure 3-1 which is true for any LTE/NR DC (LTE or NR as the master). The overlap in the picture refer to the shared capabilities between LTE and NR.
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Figure 3-2: Joint LTE/NR DC capability synthesized from separate per-RAT capabilities
In Figure 3-2, a per RAT view of the DC capabilities are shown in a manner that is easy to perceive. The joint LTE-NR capabilities at least contain the following parts:
· LTE L1/L2 restrictions for LTE/NR DC
· Subset of LTE band combinations that will be allowed for LTE/NR DC
· NR L1/L2 restrictions for LTE/NR DC
· Subset of NR band combinations that will be allowed for LTE/NR DC
· Joint restrictions across both the LTE and NR
Observation 1: There are 2 options for capability structuring; 
- Option 1: Separate container approach - joint signalling
- Option 2: Tagging approach - no extra container, distributed signalling
	Option
	Pros
	Cons

	Separate container approach
	(+) Information is collected at one place and easy to maintain and possibility to extend.
(+) Container is sent by UE upon request (based on LTE).
	(-) Repetition of information, quickly grows in size.
(-) Each RAT needs to have the ability to comprehend the full container and its modifications every release.

	Tagging approach
	(+) Tagging allows capabilities to remain within respective RAT but allows clear linking.
(+) Tagging also allows new attributes to be linked to capabilities (e.g. information that assists a RAT to help in making a choice of a particular configuration combination).
(+) Capability reporting structure size is much smaller due to tagging.
(+) A size optimized version for LTE , more capability information in NR (to optimize size within LTE). 
	(-) Information is spread out.



Observation 2: The approach of tagging capabilites (for band combinations) allows capability details to remain within the RAT while allowing clear linking.
Observation 3: Some duplication in signalling is needed in both options:
· For Option 1, the information would have to be duplicated leading to large amount of signalling and clear size increase.
· For Option 2, for independent LTE & NR containers, duplication is required for linking the information together as well as LTE/NR specific restrictions for each combination.
Observation 4: Embedding the LTE/NR DC capabilities within the LTE and NR capabilities seems more promising.



4	Coordination of band-combinations in EN-DC
Figure 4-3 describes our view of how the LTE and NR band combinations may be linked together using an indexing mechanism. An almost exact canonical view is shown in Annexure; the difference in representation is that the arrows linking the capabilities have been replaced by a two-dimensional matrix containing a flag or indicator that tells if a particular LTE band combination is allowed or disallowed with a particular NR band combination. As such, it is possible for each of the nodes implementing either the LTE or NR RAT, which of the band combinations are allowed on the other side without having to interpret the corresponding ASN.1.


Figure 4-3: Example of capability linking using indices
It then also makes sense that for a given band combination index in either LTE or NR there must be one or more band-combinations that may be allowed. And at least one of the combinations must be the maximal one (i.e. supporting the maximum configuration across LTE and NR).
Proposal 1: LTE and NR allowed band combinations for LTE/NR DC are mutually linked to each other using allowed band combination indexes.
Proposal 2: LTE/NR DC band combinations are coordinated as follows: A node selects an index by interpreting its own capability and informs the other node of this index. The other node is then able to find out which are the allowed combinations with this index by interpreting its own capability.
With this approach, neither node needs to interpret the band combinations of the RAT hosted by the other node.
5	Coordination of L2 buffer
In this section, we will discuss some options for coordination of the L2 buffer. The following table is based on [3] where the DL/UL capabilities linked to the maximum number of DL/UL-SCH are listed. 
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	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

	Category 1
	X1
	Y1
	Z1
	M1

	Category 2
	X2
	Y2
	Z2
	M2

	….
	….
	….
	….
	….

	Category N
	Xn
	Yn
	Zn
	Mn


Table 5-1: (Source [3]: DL/UL physical layer parameter values set by the field ue-Category)
Similarly, for the total L2 buffer size, the following table is exemplary.
	UE Category
	Total layer 2 buffer size [bytes]
	With support for split bearers

	Category 1
	
	

	Category 2
	
	

	…
	
	

	Category N
	
	


Table 5-2: (Source [3]: Total layer 2 buffer sizes set by the field ue-Category)
There are at least 2 main options for describing the sharing of L2 buffer between LTE and NR for LTE/NR DC.
Option 1: Define the L2 buffer size capability per RAT and indicate the allowed category combinations and respective L2 buffer size by using the indices.
Option 2: Define the L2 buffer size capabilities by inheriting capabilities per RAT and make additional new categories for EN-DC capable UEs.
In a quick comparison between Option 1 and 2, one could clearly see that the choice is motivated by either simplicity v/s flexibility. Since the NR bit rates are going to be almost 5 to 10X of LTE supported rates, the L2 buffer size for NR will also be of the same order. While Option 2 clearly provides flexibility, it brings in additional complexity where both the nodes must clearly know how much L2 buffer the other RAT needs to consume before making their own choice. It would rather be simpler, if the index based approach describes the L2 buffer requirement for a given configuration in the form of a descriptor so that each node may make its choice independently without following detailed rules of capability consumption. From the viewpoint of standardization impacts, adding new EN-DC categories all the time seems rather time consuming. It might just be easier to create a EN-DC combination by agreeing the LTE and NR category which can support the same and binding them with an index.
Based on the short discussion, we make the following proposals:
Proposal 3: An EN-DC UE category (DL/UL) is a union of a standalone LTE category and a standalone NR category. 
Proposal 4: EN-DC UE category inherited in the union includes;
· Maximum number of bits of DL/UL-SCH TB bits received/transmitted within a TTI in E-UTRA
· Maximum number of bits of DL/UL-SCH TB bits received/transmitted within a TTI in NR
· total number of soft channel bits in E-UTRA
· total number of soft channel bits in NR,
· total layer 2 buffer size across both LTE and NR as the linear sum of LTE L2 buffer size and NR L2 buffer size.
Proposal 5: Each node can know its share from the description of the UE category index; an index points to the union of the standalone LTE and standalone NR UE DL/UL category.
6	UL Tx power sharing between LTE and NR 
Based on the RAN4 and RAN1 discussions to date, the main L1 aspect of dual connectivity is the UL power management between cell groups, because maximum transmit power of a UE cannot be exceeded due to regulations (SAR limits). When a UE transmits UL data or/and control on both carriers at the same time, the maximum nominal power must be shared between the CGs. In LTE, a mechanism illustrated in Figure 6-1 has been standardized. A UE is configured by MeNB with two parameters p-MeNB and p-SeNB corresponding to minimum guaranteed power at each CG. The values of these parameters are negotiated between the MCG and SCG over X2, and the final decision is made and communicated to a UE by MeNB. 
[image: ]
Figure 6-1: UL Tx power sharing configuration in LTE DC
In LTE, the specification defines two power control modes on top of preconfigured values p-MeNB and p-SeNB, where Mode 1 is mandatory and Mode 2 may be supported as an option. 
· In power control mode 1 – when UL is synchronous  
· UE allocates up to the minimum guaranteed power to each CG and any remaining power is shared across MCG and SCG on a per transmission basis according to a priority order based on Uplink Control Information (UCI) type.   
· In power control mode 2 – when UL is asynchronous, resulting into overlapping (in time) subframes in MCG and SCG,
· the UE reserves the minimum guaranteed power to each CG and any remaining power is first made available to the CG that starts the earliest in time.  



Figure 6-2: LTE and NR synchronous operation
While the above two algorithms have been seen sufficient for LTE, it remains to be discussed whether they are sufficient also for NR. One such issue is described here to indicate the gravity of the situation. In the previous meeting, RAN1 agreed that both asynchronous and synchronous dual connectivity is supported. However, it was not clear what does synchronous mean in the case of different numerology and variable TTI length. Figure 6-2 shows an example of NR and LTE timing for the “synchronous” case with the same numerology and variable TTI length, the starting instances for slots and mini-slot are within nested time grid, which means that the shorter TTI is not overlapping (in time) with the border of the longer TTI.  
When considering the example from Figure 6-2, compared to LTE, NR as well as R15 LTE (short TTI) have the following new challenges: 
· variable/unequal PUSCH/HARQ-ACK timing on different cell groups
· variable TTI length due to mini-slot or different SCS
· traffic of different priorities (eMBB, URLLC)
The details of the analysis are presented in [5], but we observe that the discussion about UL Tx power sharing must first happen in RAN1 and once there is sufficient clarity, RAN2 may progress further with defining the signalling related aspects.
Proposal 6: RAN2 waits for RAN1 to make sufficient progress on LTE/NR DC UL Tx power sharing.
7	Assistance information based on expected performance indicators
The discussion in section 3 is not complete if we do not discuss an important question relating to the capability coordination:
· How does a node know “beforehand” which band combination (index) to select?
· Will the participating nodes have to exchange several messages back and forth on the X2 interface before they can converge on the right indexes to use?
· What kind of information is needed by the participating nodes to arrive at the optimal configurations in a shortest possible amount of time?   
In an earlier email discussion, [1], there were many companies that proposed some kind of assistance information which enable the nodes involved in dual connectivity to decide which configuration to choose. Most of these solutions relied upon some additional information to be conveyed between the nodes.
We propose to include to the UE LTE-NR DC capability some assistance information so that the network nodes can use the information during the negotiation process of arriving at the LTE/NR tight interworking configuration (see [1] for discussion on the capability and coordination aspects):

Figure 7-2: Performance indicator for LTE/NR tight interworking
The basic procedure in Figure 7-2 comprise of the following steps:
· The UE capabilities for tight interworking contain some additional information which indicate the maximal performance for the other system pertaining to a given combination. E.g., 
· The indication may refer to an index into a description table which contains detailed parameters describing the performance of the configuration of the other system (in terms of throughput as an example). 
· Step 1: When master node requests LTE/NR DC, it uses the UE capability information to determine whether a given tight interworking band combination can meet the expected performance. 
· Step 2: The master node indicates with an explicit query within the LTE/NR DC request what the desired performance from the secondary node is. 
· Step 3: The secondary node uses the configuration from master node and the requested performance assistance information to determine which configuration to choose. 
· Step 4: When accepting the request, the secondary node indicates its view of the expected performance of the configuration to the master node.
· Step 5: The master node proceeds with the LTE/NR configuration selection based on the response. The master node may request UE to provide updated measured performance information of NR performance, and also may in turn provide master node performance information to secondary node.


Figure 7-3: Signalling assistance information in EN-DC
Both master and secondary nodes can request periodic updates of measured performance information for the purposes of monitoring how well the LTE-NR is performing.
Based on the detailed discussion above, we make the following proposals:
Proposal 7: Include performance indication information as part of the UE capability for LTE/NR tight interworking.
Proposal 8: Agree that the performance indication information contains at least an indication of maximum/peak/expected throughput linked to a capability (e.g., band combination).
Proposal 9: Exchange performance indication information between master and secondary nodes in LTE/NR DC procedures.
Proposal 10: Agree to the following principle of capability coordination using performance indication information; A node selects an index by interpreting its own capability and a list of possible target configurations based on the performance indication information and informs the other node of this choice. The other node is then able to find out which are the allowed combinations with this index by interpreting its own capability.
Proposal 11: Agree that the MN can request the target configuration with a priority attached to its request.
Proposal 12: Agree that the SN can indicate to the MN the performance achievable with a proposed reconfiguration.
8	Conclusion
In this contribution, we have discussed an approach of linking the LTE/NR DC capabilities using indices. Even though both the approaches have some relative merits and demerits, the Option 2 which relies on linking capabilities seems promising for capability signalling from the viewpoint of reduced size and greater flexibility. Using the same model, we have discussed a simple solution of how the master node may be able to estimate whether LTE/NR DC should be attempted for a given configuration, especially with the working assumption that case the master and secondary nodes are not required to understand/comprehend each other’s capabilities. 
Observation 1: There are 2 options for capability structuring; 
- Option 1: Separate container approach - joint signalling
- Option 2: Tagging approach - no extra container, distributed signalling
Observation 2: The approach of tagging capabilites (for band combinations) allows capability details to remain within the RAT while allowing clear linking.
Observation 3: Some duplication in signalling is needed in both options:
· For Option 1, the information would have to be duplicated leading to large amount of signalling and clear size increase.
· For Option 2, for independent LTE & NR containers, duplication is required for linking the information together as well as LTE/NR specific restrictions for each combination.
Observation 4: Embedding the LTE/NR DC capabilities within the LTE and NR capabilities seems more promising.
Based on the above discussions, we propose the following:
Proposal 1: LTE and NR allowed band combinations for LTE/NR DC are mutually linked to each other using allowed band combination indexes.
Proposal 2: LTE/NR DC band combinations are coordinated as follows: A node selects an index by interpreting its own capability and informs the other node of this index. The other node is then able to find out which are the allowed combinations with this index by interpreting its own capability.
Proposal 3: An EN-DC UE category (DL/UL) is a union of a standalone LTE category and a standalone NR category. 
Proposal 4: EN-DC UE category inherited in the union includes;
· Maximum number of bits of DL/UL-SCH TB bits received/transmitted within a TTI in E-UTRA
· Maximum number of bits of DL/UL-SCH TB bits received/transmitted within a TTI in NR
· total number of soft channel bits in E-UTRA
· total number of soft channel bits in NR,
· total layer 2 buffer size across both LTE and NR as the linear sum of LTE L2 buffer size and NR L2 buffer size.
Proposal 5: Each node can know its share from the description of the UE category index; an index points to the union of the standalone LTE and standalone NR UE DL/UL category.
Proposal 6: RAN2 waits for RAN1 to make sufficient progress on LTE/NR DC UL Tx power sharing.
Proposal 7: Include performance indication information as part of the UE capability for LTE/NR tight interworking.
Proposal 8: Agree that the performance indication information contains at least an indication of maximum/peak/expected throughput linked to a capability (e.g., band combination).
Proposal 9: Exchange performance indication information between master and secondary nodes in LTE/NR DC procedures.
Proposal 10: Agree to the following principle of capability coordination using performance indication information; A node selects an index by interpreting its own capability and a list of possible target configurations based on the performance indication information and informs the other node of this choice. The other node is then able to find out which are the allowed combinations with this index by interpreting its own capability.
Proposal 11: Agree that the MN can request the target configuration with a priority attached to its request.
Proposal 12: Agree that the SN can indicate to the MN the performance achievable with a proposed reconfiguration.
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