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[bookmark: _Ref462840072]Introduction
In RAN2#97, UE capability type definitions were discussed and agreed. It was also agreed coordination was discussed and some capabilities involve reconfiguration of the UE (e.g. band combinations), whereas others don’t (e.g. buffer size). Other agreements related to NR UE capability signalling and to UE capability coordination are included in Annex.
In this contribution, we continue to discuss capability signalling and coordination for LTE-NR tight interworking.
Discussion
UE capability structures
UE capability reporting and coordination was covered in LTE DC. UE capability reporting was built on top of the same structure used for carrier aggregation. So, for each supported CA band combination, possible DC support was indicated. UE capability coordination was based on MeNB and SeNB exchanging their respective configurations. 
For LTE-NR tight interworking, reporting and coordination both become more complex, since it involves two RATs, so it will not be possible to reuse an existing structure, as was done for DC. And because of the fairly complex UE capability structures of LTE, with feature support signalled per supported band combination, it would be preferable not to introduce the same complexity in NR. Thus, work during WI phase should initially focus on simplifying the UE capability structures for NR. Only after this step, we can continue to work on how UEs should report the support for different LTE and NR configurations during LTE-NR tight interworking. And after this the principles for capability coordination. We have submitted a contribution on UE capability structures for NR [4].
[bookmark: _Toc477814219][bookmark: _Toc477814981][bookmark: _Toc477956616][bookmark: _Ref471161924]Work during WI phase should initially focus on simplifying the UE capability structures for NR. Only after this step, we can continue to work on how UEs should report the support for different LTE and NR configurations during LTE-NR tight interworking.
UE capability signalling
RAN2 has agreed that UE capability reporting should be kept independent between the RATs. This means that master and secondary nodes only need to use UE capabilities of the own RAT, which will include some other RAT capabilities relating to the interworking, e.g. IRAT measurement capabilities. Furthermore, it has been agreed to minimize the differences between the NR capability reporting across the LTE/NR tight interworking cases, i.e. when NR or LTE acts as master. 
It seems straightforward that one way to fulfil these requirements is to follow the same principle of RAT capability containers as is currently used in LTE, see capability structure below. In LTE, the message UECapabilityInformation contains the Information Element UE-CapabilityRAT-ContainerList, including the capabilities for each RAT is included in separate containers, see ASN.1 structure below.  
-- ASN1START

UE-CapabilityRAT-ContainerList ::=SEQUENCE (SIZE (0..maxRAT-Capabilities)) OF UE-CapabilityRAT-Container

UE-CapabilityRAT-Container ::= SEQUENCE {
	rat-Type							RAT-Type,
	ueCapabilityRAT-Container			OCTET STRING
}

-- ASN1STOP

The encoding of each container in the list is defined in the specification of each RAT. For example, the LTE capabilities are defined in IE UE-EUTRA-Capability of 36.331, whereas the UTRAN capabilities are defined in the INTER RAT HANDOVER INFO message defined in TS 25.331.
Thus, we make the following proposals:
[bookmark: _Toc471166792][bookmark: _Toc471517910][bookmark: _Toc471521063][bookmark: _Toc473833408][bookmark: _Toc473833557][bookmark: _Toc473906603][bookmark: _Toc477795946][bookmark: _Toc477814220][bookmark: _Toc477814982][bookmark: _Toc477956617]UE capability reporting for LTE-NR tight interworking follows the same principle of IRAT capability reporting in LTE, i.e. LTE and NR capabilities are signalled as separate containers in a capability container list.
UE capability coordination 
So far RAN2 has agreed that UE capabilities requiring coordination include band combinations across LTE and NR and L2 buffer size. An LS has been sent to RAN1 and RAN4 to get input on further capabilities requiring coordination [2]. Until this input is received, discussions in RAN2 can continue on different signalling approaches, based on the current knowledge.
Band combination
Due to limitations in UE RF design, the UE needs to be able to indicate to the network which LTE band combinations can be configured together with which NR band combinations. The selected band combination of MCG and SCG will be included in MCG configuration and SCG configuration respectively. Thus, following the agreement that the master node and the secondary node are not required to understand each other’s configuration, this capability falls into category type II. It has been proposed in [1] to introduce abstract coordination for the coordination of band combinations based, where a matrix is proposed to indicate compatible band combinations across the two RATs. As further discussed in [3], there are different approaches how the abstract coordination could be implemented into the specification. In addition to the matrix solution proposed in [1], another possibility could be to apply similar approach as was selected to indicate LTE DC support. In the LTE capability information specified in LTE spec, the UE would indicate for each supported E-UTRA DC band combination, the identifier(s) of the supported NR DC band combination(s) that can be simultaneously configured for each LTE band combination. And vice versa for the NR specification. 
Important to note however is that abstract coordination of band combinations based on identifiers represents a simplistic view considering only band combination coordination. In addition, e.g. MIMO and other capabilities are also signalled per band combination, which complicates the structure and coordination further. Since capabilities for MIMO, CSI-Processes and NAICS were added into the band combination structure, UEs are encouraged to include duplicates of band combination entries that differ only in the support of those features. For the same reason, LTE UEs include fall-back band combinations even though RAN2 introduced the possibility to omit those. With this in mind, we see a risk that the (generally promising) approach to connect LTE- and NR- band combination tables by a bit-matrix will lead to even more duplication of band combination entries or make it at least more difficult to reduce the size by omitting fallback band combinations. 
Therefore, we make the following proposal: 
[bookmark: _Toc473833409][bookmark: _Toc473833558][bookmark: _Toc473906604][bookmark: _Toc477795947][bookmark: _Toc477814221][bookmark: _Toc477814983][bookmark: _Toc477956618]Feasibility of abstract signalling of band combination support across LTE and NR needs further evaluation. 
We note however that band combination coordination is needed mainly for LTE-NR interworking configurations where data aggregation is targeted by transmitting data simultaneously over LTE and NR. In case all data is transmitted only via one RAT at the time, band combination coordination may not be needed if the other RAT is only serving to improve robustness, by offering only SRB transport to ensure the UE is always reachable from the network side, even after sudden loss of the RAT transmitting data. If the processing requirements of supporting SRB only on one RAT is comparable with performing inter-RAT measurements, a UE may well be capable of supporting SRB with limited bitrate only on one RAT, which still supporting the full capabilities on the other RAT. Thus, if the network does not configure more than the SRB on one RAT, then capability coordination of band combinations may not be needed in such a network configuration. Therefore, we propose that UE capability reporting should support an indication of UE supporting SRB only on one RAT, while still supporting full capability on the other RAT. 
[bookmark: _Toc477956619][bookmark: _Toc477814222][bookmark: _Toc477814984]UE capability reporting should enable the UE to signal in the UE capability information the support of full capabilities on one RAT, while simultaneously supporting SRB only on another RAT. 
Layer 2 buffer size
Assuming that the layer 2 buffer size can be freely allocated to either LTE or NR (to be confirmed from RAN1/4), the network nodes need to ensure the UE is scheduled in such a way that the total layer 2 buffer is not exceeded. The UE should then advertise its total Layer 2 buffer size (expressed in number of bytes) to both RATs in the RAT specific capability containers, see section Proposal 1. Thus each RAT has the knowledge of the total number of bytes supported for the layer 2 buffer that is supported for single connectivity. When configuring NR+LTE tight interworking for a UE, some information exchange on the share is needed between the master and the secondary node. Since the L2 buffer size is mutually understandable for LTE and NR, this falls into the Type III type of capabilities and coordination can reuse same principles as used for LTE DC.  
[bookmark: _Toc473833412][bookmark: _Toc473833561][bookmark: _Toc473906607][bookmark: _Toc477795950][bookmark: _Toc477814223][bookmark: _Toc477814985][bookmark: _Toc477956620]Capability coordination of Layer 2 buffer size between LTE and NR can follow the same signalling principles as for LTE DC.
Capability coordination during SN addition
In this section, capability coordination during Secondary Node (SN) addition procedure is discussed. Here deployment option 3, with LTE as master and NR as secondary node is used as example, see Figure 1. The procedure contains the following steps:
1. Network may enquire UE to provide capabilities
2. LTE+NR capability information signalled from UE to network via LTE RRC. 
3. Having received the capability information, the LTE eNB decides the MCG configuration and sends a “SeNB addition request” message to the NR eNB, including the “MCG configuration” and necessary UE capability information for the NR eNB to select the NR SCG configuration. Since RAN2 has agreed to aim for a solution where MeNB and SeNB should not be required to comprehend the configuration selected by each other, though the final decision is ffs, the above-mentioned “MCG Configuration” could preferably be abstracted. If RAN2 adopts the abstract capability signalling approach, the MeNB would provide the capability index that matches the configuration it chose for the UE’s MCG. 
4. Based on this information the NR eNB selects the SCG configuration, ensuring the LTE+NR capabilities are not exceeded. Specifically, it may choose any of the NR capabilities that are compatible with the capability index chosen by the MeNB. It then sends the SCG configuration back to the LTE eNB, contained in an NR RRC PDU, as agreed in RAN2#95bis. The SeNB should also convey the NR capability index that matches the chosen SCG configuration. Based on this information the MeNB knows which MCG re-configurations it may perform without colliding with the current SCG configuration. In other words, both MeNB and SeNB may autonomously select any other MCG and SCG configuration (respectively) that is compatible with the configuration index of their peer. A race condition may occur if both SeNB and MeNB initiate a reconfiguration so that their capability indexes result in a not-allowed configuration. The MCG must hence identify such situations and reject the SeNB modification request.
5. The LTE eNB finally sends the LTE RRC connection reconfiguration message to the UE, including the NR RRC PDU, containing the SCG configuration. 
If the MeNB or the SeNB intends to use a configuration that is not allowed based on the capability index provided by the peer, it could send a “downgrade request”, i.e., propose/mandate the peer to choose a new configuration that is compatible with another capability index. 



[bookmark: _Ref465975287][bookmark: _Toc469398880][bookmark: _Toc471166795]Figure 1: Signalling during UE capability coordination 
Conclusion
Based on the discussion we propose the following:
Proposal 1	Work during WI phase should initially focus on simplifying the UE capability structures for NR. Only after this step, we can continue to work on how UEs should report the support for different LTE and NR configurations during LTE-NR tight interworking.
Proposal 2	UE capability reporting for LTE-NR tight interworking follows the same principle of IRAT capability reporting in LTE, i.e. LTE and NR capabilities are signalled as separate containers in a capability container list.
Proposal 3	Feasibility of abstract signalling of band combination support across LTE and NR needs further evaluation.
Proposal 4	UE capability reporting should enable the UE to signal in the UE capability Information the support of full capabilities while simultaneously supporting SRB only on another RAT.
Proposal 5	Capability coordination of Layer 2 buffer size between LTE and NR can follow the same signalling principles as for LTE DC.
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RAN2#95:
	1	From a RAN2 perspective, we aim to have an independent capability information for NR and LTE (meaning that node of one RAT does not need to look at the capabilities of the other RAT). Does not preclude that capabilities of one RAT might contain some information related to the other RAT (e.g. at least measurement capabilities)
2	RAN2 should study further how to coordinate capabilities between the UE, LTE eNB and NR gNB 



RAN2#95bis
1: 	RAN2 shall consider the LTE/NR tight interworking (with LTE eNB, NR gNB or eLTE eNB as a master node) for the coordination of capabilities.
2:	We should aim to minimum the differences between the NR capability reporting across the LTE/NR tight interworking cases (NR gNB as a master node) and the standalone NR gNB case.
3	At least some band combinations across RATs should be coordinated across the master and the secondary nodes.
4	Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.
5	RAN2 aim for a solution where the master node and secondary node are not required to comprehend each others UE configuration.

Agreements:
1: 	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 
2:	Allow gNB to format NR RRC PDUs for the UE configuration.

RAN2 NR-AH1
Agreements
1: 	Only two nodes (i.e. one LTE eNB and one NR gNB) need to be considered in the LTE/NR capability coordination. The forward compatibility with multiple nodes can also be considered.
2: 	For capabilities for which coordination is needed, then it is up to master node to make the decision on how to resolve the dependency..
3: 	For capabilities for which coordination is needed, the secondary node is allowed to initiate the re-negotiation of capability, and with the re-negotiation request from secondary node, it is up to master node to make the final decision.
and
Agreements
LTE capabilities changes to support EN-DC
1: LTE capabilites shall include information related to NR measurements 
2: LTE capabilites shall include support of EN-DC
3: Further changes to LTE capabilities are FFS

NR capability reporting
4: NR shall support independent capabilities reporting (this does not preclude the NR and LTE capabilities indicating dependencies in the capabilities reported)

LTE/NR capabilites dependencies to support EN-DC
5: For Type I capabilities (where the use of the capability is isolated to the RAT), no coordination is needed and the NR specific capabilities are just forwarded by the MeNB to the SgNB using LTE DC as a baseline 

RAN2#97 Athens:
Agreements
1	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.

2	Type II, the use of the capability in one RAT has impacts to the other RAT, however the use of capability in one RAT is not understood by the NW side of the other RAT.  

3	Type III, the use of the capability in one RAT has impact to the other RAT, and the use of capability in one RAT is understood by the NW side of the other RAT. 

4:	Some capabilities (e.g. RF capability) are coordinated using Xx and involve a reconfiguration of the UE. The configuration of the UE does not exceeds its capabilities.

5:	Some capabilities (e.g. buffer size) are coordinated using Xx and will not involve a reconfiguration of the UE. The ongoing operation of the network does not exceed the UEs capabilities
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