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1 Introduction

In RAN2#95, the following agreements we made:

-
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).

-
RAN2 should study further how to coordinate capabilities between the UE, LTE eNB and NR gNB.
In this paper we discuss UE capability coordination for tight interworking. 

2 Discussion

2.1 Capability coordination in LTE DC
The procedure for SeNB addition in LTE DC is shown in Figure 1 [1]. UE capability coordination in LTE DC is based on MeNB providing SeNB with the complete set of UE capabilities and the MCG configuration in SCG-ConfigInfo in the SeNB Addition Request message, which initiates the procedure. From the MCG configuration and UE capabilities, the SeNB can derive an SCG configuration that combined with the MCG configuration complies with the UE capabilities. The SeNB then forwards the SCG configuration in SCG-Config in the SeNB Addition Request Acknowledge message back to the MeNB. Based on this the MeNB can verify valid UE configuration and possibly update the MCG configuration. Finally, the MeNB includes both MCG and SCG configurations in the RRCConnectionReconfiguration message, which is then forwarded to the UE. 
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Figure 1: SeNB addition procedure in LTE DC
2.2 Capability coordination for LTE-NR tight interworking

In LTE, the UE provides its full capabilities to the network upon which the network configures the UE in line with those capabilities. As explained and proposed in [2], we think this principle should be followed also in NR. It does involve a considerable amount of time to discuss and design the capability signaling, but we consider it inevitable to ensure UE and network interoperability, support UEs and networks with different feature sets and to enable device testing. We consider these characteristics as key contributors for the success of 3GPP systems and should hence also be applicable to NR.
We think that for the same reasons, this principle should also be applied to the case of LTE-NR interworking. Thus, we make the following proposal:

Proposal 1 The main principle that UE signals its full capability upon which network configures the UE should be maintained also for LTE-NR tight interworking.
2.2.1 UE capability coordination
In the email discussion [95#30] on “capability coordination for NR and LTE”, several approaches for UE capability coordination was discussed. In this section we express our understanding of this topic.

A starting point for the discussion is that in order for tight interworking to work, there must be some level of understanding of the other RAT’s configuration. Thus, the question is not whether LTE and NR nodes will need to understand each others configuration, but rather how this understanding is achieved. 

Observation 1 There needs to be network understanding between LTE and NR in order to configure UE correctly in order not to exceed UE capabilities.

As we have agreed to take the DC solution as a baseline for LTE/NR interworking, we think the starting point for the setup signalling should be a similar sequence as shown in Figure 1, see also [3]. Considering this or similar kind of sequence, the baseline solution which should be enabled in the standard is the one labelled in the email discussion as “4.3 ASN.1 based coordination”. This option should be possible and not limited by the standard. In the email discussion concerns were raised that this approach would limit the independent evolution of LTE and NR specification. Considering a solution where the NR (or LTE) configuration is transported in a transparent container of LTE (or NR) reconfiguration message, we don’t think such limitations should arise. Therefore, we make the following observation and proposal:

Observation 2 Independent standards evolution of LTE and NR can be supported also for ASN.1 based capability coordination.

Proposal 2 The standard should support network implementations where UE capability coordination for tight interworking is based on nodes understanding each others ASN.1.
However, in order to also allow for network implementations not requiring strict understanding of other nodes ASN.1, we are open to discuss also other mechanisms for UE capability coordination, e.g. UE capability set based coordination proposed in the email discussion [95#30], where strict understanding of the other nodes ASN.1 is not required.

Proposal 3 On top of ASN.1 based coordination, RAN2 should investigate options where strict understanding of the other nodes ASN.1 is not required.
2.2.2 UE capability signalling
Following the principles outlined in [2], we think that also for LTE-NR tight interworking, UE capability signalling should contain the UE reporting full LTE and NR capability to the MeNB. Full information of the UE capabilities is needed in the network to decide the UE configuration, e.g. in case of aggregation how many carriers to configure for LTE and how many for NR.
Assuming a network implementation where nodes are capable of understanding ASN.1 of both LTE and NR, the capability signalling could be realized by including the NR capabilities in a transparent container of the LTE signalling, as was also suggested during the email discussion. However, this does not solve the support for different combinations of LTE and NR configurations. Currently in LTE, the main difficulty in capability signalling is the growth of different (band) combinations the UE may support. With LTE-NR tight interworking, this gets even more complex, as the UE would need to signal combinations over both LTE and NR, in order to support the network based capability coordination. 
Different approaches could be explored:
· Reducing the size of the capability structure. As explained in [2], different ways of making the signalling more efficient by changing the structure should be studied. This should be studied also for the LTE and NR interworking case. 
· Compressing capability structure over Uu and storage. As explained in [2], a short identifier could be introduced to unambiguously identify the corresponding full set of UE capabilities. For UEs capable of LTE and NR interworking, the identifier could cover the full set of LTE and NR capabilities. If the RAN is not aware of the capabilities corresponding to the identifier, it can request the capabilities either from the UE or the CN.

· For deployments where LTE and NR nodes are not able to decode ASN.1 of one another, the set based signalling of UE capabilities proposed in the email discussion [4] could be studied further.

Proposal 4 RAN2 is requested to study different approaches of UE capability signalling for LTE/NR tight interworking. 

3 Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1
The main principle that UE signals its full capability upon which network configures the UE should be maintained also for LTE-NR tight interworking.
Proposal 2
The standard should support network implementations where UE capability coordination for tight interworking is based on nodes understanding each others ASN.1.
Proposal 3
On top of ASN.1 based coordination, RAN2 should investigate options where strict understanding of the other nodes ASN.1 is not required.
Proposal 4
RAN2 is requested to study different approaches of UE capability signalling for LTE/NR tight interworking.
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