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1
Introduction
At the outcome of the RAN2#95 meeting, different aspects related to the LTE-NR tight interworking were discussed. The outcome of these discussions were noted in the meeting notes as follows:
For the CP aspects the following agreements and FFS items were identified:

Agreements

1:
Separate RRC specification for NR should be introduced and maintained even for the case of LTE + NR interworking.

2
Some coordination is required between LTE (respectively NR) master node and NR (respectively LTE) secondary node.

FFS whether UE capabilities are involved in the coordination

3
LTE (respectively NR) master node should not need to modify or add to the NR (respectively LTE) configuration of the UE

FFS: Whether LTE (respectively NR) master node should not be required to understand NR (respectively) configuration of the UE.
FFS: Whether NR RRC messages generated by NR node are final RRC messages.
On the capability coordination aspects the following agreements were made with regards to the capability information:

Agreements

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.

In addition to the above an email discussion was opened for discussing different aspects of capability coordination:

	· [95#xx][NR] Capability coordination for NR and LTE (Qualcomm)


Progress the understanding of possible different solutions for how to coordinate capabilities between the UE, LTE eNB and NR gNB. Some assumptions can be made on what capabilities might need to be shared (LTE can be used a baseline for at least one set of assumptions, other sets of assumptions may also be considered).

Intended outcome: Email discussion report


Deadline: Thursday 22/09/2016


The purpose of this contribution is to discuss our interpretation of the FFS items identified during the meeting. More specifically we consider that the first design step in the LTE NR tight interworking solutions is to make the right choice on capability coordination and reporting between the UE, LTE eNB and NR gNB, which not only eases the inter-node coordination requirements between the nodes but also ensures that the interworking framework is future proof allowing independent evolution of the 4G RAT and NR RAT. We also make some concrete proposals based on the arguments presented in the contribution. In addition, we make a proposal to capture some guidelines in the TR.
2
Discussion
2.1
Scope of the capability and network node coordination aspects
The three deployment scenarios that have been agreed to be studied as part of LTE-NR tight interworking are shown in Figure 1 below. These scenarios correspond to the non-standalone scenarios captured in RP-161266 [1] as scenarios 3, 4 and 7 respectively:
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Figure 1: LTE-NR tight interworking deployment scenarios (RP-161266)
The purpose of this section is to simply reiterate that Figure 1 shows the 3 tight interworking scenarios agreed for the study. In addition, it is also logical and a given that the Dual Connectivity (DC) specified in TS36.300 and relevant stage 3 specifications (e.g., TS36.423 and TS36.331) should be reused as much as possible. During the last meeting, RAN3 also agreed that the name of the interface between the LTE eNB and the NR gNB is the Xx interface. 

We stick to Scenario 3 for this discussion. For the scenarios 4 and 7, we recommend that the C-plane and U-plane protocols between LTE and NR are to be further studied (e.g. their RAN level impacts due to the new interfacing with the NextGen Core) and hence they are not addressed in this paper.
We also propose to focus on the topic of capability coordination and reporting in the context of the tight interworking scenarios. For the standalone operation and inter-RAT HO scenario we observe that the RATs are not in concurrent operation. Hence, for handover purposes measurements are needed (for the same RAT or other RAT). This is a minimum capability requirement, and do not necessarily fall under capability coordination.
Proposal 1: Keep the discussion about the aspects of capability coordination between network nodes for tight interworking scenarios separate from the standalone operation (the standalone operation also includes inter-RAT HO scenarios).
2.2
UE Capability reporting and coordination aspects
2.2.1
Capability reporting aspects
In [2], Table 1 we have provided a list of LTE DC procedures, which have the potential to be reused, based on TS 36.300 and their applicability to Non-Standalone/”LTE assisted”, EPC connected tight interworking. In each of these procedures the underlying theme is the same i.e. there are network procedures exchanged between the eNB and the gNB to arrive at a radio configuration that will ultimately be signalled towards the UE. Needless to say, these procedures rely on the knowledge of the UE capabilities and their interpretation at the nodes with the RRM constraints of the eNB and the gNB. In this context, it must be noted that LTE DC was designed to operate in a single RAT environment wherein the implementation of the network nodes is simplified (and even optimized) compared to the multi-RAT environment, because DC in a single RAT implements features using the same Uu and X2 specifications. Furthermore, the network nodes of a single RAT will be upgraded at the same time to make sure that they are running the same release of the Uu and X2 specifications. It is then not surprising that the network nodes are assumed to be implemented to peek into the other node’s configuration therefore having a common view of the UE’s overall capabilities under a single RAT assumption.

Observation 1: The assumption of a single RAT in LTE DC operation allowed the possibility that the MeNB and SeNB could both freely interpret the UE capabilities which are common inside the RAT and known inside the RAT.

However, LTE-NR tight interworking scenario involves different RATs and it is rather difficult to predict the becoming NR capabilities of the UE. (One example is the impact of beamforming schemes on the UE capability reporting). Hence, from RAN2 perspective, the aim to have independent capability information for NR and LTE is well placed. This also means that a node of one RAT does not need to look at the capabilities of the other RAT.
Observation 2: LTE-NR tight interworking involves different RATs by definition and hence it cannot be assumed that the eNB or the gNB will be continuously upgraded to keep up to date with capability updates happening in the other RAT.

Based on the discussion until now, we are in a better position to discuss the following FFS aspect:
“FFS whether UE capabilities are involved in the coordination
To motivate the discussion for the FFS point, the following motivations are considered:
· Tight interworking solutions must be future proof (i.e. these solutions are efficient even when the NR operating frequencies and bands are varied from below 6 GHz to above 10 GHz and even up to 100 GHz in the future).

· The solution for tight interworking must be feasible to also work for Scenarios 4 and 7 without major changes in the underlying assumptions (LTE or NR operating as the master)
· The discussions about UE capability shared between LTE and NR (e.g. soft capability split) will be tedious and difficult to converge upon considering that it will be difficult to find any concrete answers about the shared aspects of LTE and NR capabilities. 

Observation 3: Meeting the goal of a future-proof solution for tight-interworking that is scalable for all NR bands and tight interworking scenarios is highly correlated to the assumption of minimum sharing of LTE and NR UE capability.
Observation 4: A lightweight approach to tight interworking capability reporting wherein the UE signals RF restrictions or a limited set of such capabilities in a concise manner seems a reasonably good starting point.
The first release of LTE NR tight interworking may have even further simplified assumptions related to the soft capability sharing (incl. L2 buffers and processes and the like). It may be easier to consider a minimal sharing here to begin with considering that the resource consumption laws will be quite different across the different RATs.

Observation 5: Approaching the modelling of tight interworking capabilities with minimal sharing between LTE and NR is logical considering the initial deployments will have NR operating at high frequency.
Proposal 2: Model the tight interworking capability with minimal sharing between LTE and NR.
2.2.2
Coordination aspects
We now deal with the rest of the FFS aspects in this section at the same time because they are linked together:
FFS: Whether LTE (respectively NR) master node should not be required to understand NR (respectively) configuration of the UE.
FFS: Whether NR RRC messages generated by NR node are final RRC messages.
We have motivated the need for the configuration independence and NR being able to format RRC PDUs independent of the LTE eNB in in our earlier contribution in [2]. We repeat the same discussion here to avoid the reader having to jump across multiple documents. 

2.2.3.1
On the need for the eNB to understand the UE configuration from the gNB
There are already some required enhancements foreseen on the exchange of RRC radio resource information without impacting on the principles of the DC procedures specified in TS36.300 in case of Non-Standalone/”LTE assisted”, EPC connected tight interworking scenario.

One of the main objectives of LTE NR tight interworking is to ensure “practical” interoperability in a multi-vendor environment. In light of this argument, eNB should not be required to understand the entire configuration coming from gNB. Moreover, since LTE and NR are different RAT, the independent evolution of the NR protocol needs to be ensured.
With the modelling of the tight interworking capabilities based on Section 2.2.1, we consider that the configuration coordination between the eNB and gNB is greatly simplified. If the modelling follows a policy that there is minimal sharing or no overlap of capabilities between the LTE and NR, then the coordination at Xx interface is reduced to a simple exchange of messages wherein the master node selects from a set of available configurations and provides a pointer to the secondary node for the available choices. The decision of a configuration is purely a network decision and it is based on the RRM situation once the UE capability is known. If the tight interworking capabilities are modelled to be split around a more flexible sharing of capabilities principle there is additional coordination (though not necessarily more messaging) information that must be exchanged.
Proposal 3: Agree the following principle: the master node does not need to interpret the UE capabilities pertaining to the RAT hosted by the secondary node.

Proposal 4: Agree that the master node does not need to interpret/comprehend the configuration provided by the secondary node.
2.2.3.2
On the need to allow gNB to format the full NR RRC message

A direct signalling path between the gNB and the UE may be beneficial to allow signalling transactions exploit the lower latency of the NR interface. In addition, mobility procedures within the secondary node may be executed with lower latency under this assumption. One example is the tuning of beamforming measurements which may benefit from the lower configuration latency.
Hence, it is further proposed that the gNB should be able to provide a SRB configuration and exchange NR RRC PDU directly with the UE in order to shorten the NR configuration time. Figure 2 describes an example framework for RRC configuration exchange. It is assumed that SRB resources are configured from both the eNB and gNB in both directions between the network and the UE. 
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Figure 2: Logical model of RRC configuration routing with eNB and gNB
Format 1: These are issued by the eNB containing only LTE specific configurations. From the UE point of view, the response corresponding to this format is addressed to the eNB.

Format 2: These are issued directly by the gNB and contain NR only configurations. From the UE point of view, the response corresponding to this format is addressed to the gNB.

Format 3: These are issued by the eNB containing LTE and NR configurations, including the case when the eNB is routing the RRC configuration of the gNB. From the UE point of view, the response corresponding to this format is addressed to the eNB.

It is noted that failure handling and synchronization of configurations between the eNB and gNB should be further studied. As one of the candidate solutions, the gNB can inform the reconfiguration complete to the eNB. In addition, it can be assumed that some of the procedures in eNB and in gNB can be triggered in parallel. As a starting point, it could be agreed that the failures during RRC procedures are handled by the UE on a per message basis, i.e. no partial success/failure handling is required. In addition, gNB RLF is reported to the eNB.

Proposal 5: Allow gNB to format NR RRC PDUs to allow direct signalling of the NR configuration.
2.2.3.3
LTE-NR RRM measurement framework

This discussion paper would be rather incomplete without initiating a discussion on how the LTE and NR measurements are configured. In order for NR RRM to provide an optimal configuration to the UE for the NR parameters, the gNB is required to provide assistance information to the eNB (LTE) for configuring the additional NR specific measurements (e.g. based on NR capabilities of the UE). One such example is the setup of beam level measurements but there could potentially be other measurements too. 

In the context of the NR mobility related measurements we will discuss the following three issues: Initial setup of LTE-NR tight interworking, measurements during the tight interworking operation, and measurements during failure of the secondary (NR) link. For simplicity, we consider scenario 3 here but the same considerations may apply for other scenarios as well.

1) Measurements for setting up LTE-NR tight interworking
We assume that, like with LTE, some measurements are typically required for deciding how to setup the LTE-NR tight interworking. Hence, following basic assumptions are proposed for such measurements:

· Assumption 1: Use of tight interworking is always decided by the master node (LTE)
· Assumption 2: Master node (LTE) can configure measurements of secondary access (NR) radio quality
· Assumption 3: Measurement configuration does not have to be changed depending on the tight interworking state
Hence, based on these three assumptions, once the master has decided on the configuration, it can fully control the configuration and doesn’t necessarily need to change it very frequently. 

2) Measurements during LTE-NR tight interworking operation

For measurements during the tight interworking, we mainly consider measurements that relate to the tight interworking itself (i.e. modify/release the nodes involved).  NR-internal measurements are proposed to be considered together with the discussion about the standalone operation.
Obviously, at this stage, the UE has been configured with certain measurements for NR nodes and the UE will send the measurement reports to either LTE or NR node(s). Further, the LTE and NR nodes may wish to exchange the measurement results, just like is done in LTE DC.
For simplicity, DC-like principle could be followed: Master node configures the measurements and receives the measurement reports. However, unlike with LTE DC, the NR node can be envisioned to have relatively independent operation in most aspects, so it seems beneficial to allow the NR node to influence which measurements are done by the UE. As an obvious example, for beam management purposes the LTE eNB involvement is not needed at all and its intervention will only increase the amount of time to complete the procedure. Therefore, the NR node could itself request that some measurements are done and it could receive the results either directly from the UE or via the LTE node; how the measurement results are delivered would require further study.

The following additional assumptions for the LTE-NR measurements are proposed:

· Assumption 4: The secondary (NR) node measurements are configured in master (LTE) node RRC measurement framework.
· Assumption 5: Master (LTE) node configures the measurements but secondary (NR) node can itself request the master node to configure additional measurements.
3) Measurements during S-RLF
To have a mechanism against failures, UE should monitor whether the secondary (NR) link remains usable while operating under LTE-NR tight interworking. The DC-like principles could be followed also here with the following additional assumptions:

· Assumption 6: UE does radio link monitoring for the secondary (NR) node (i.e. “S-RLF” according to DC terminology).

· Assumption 7: After detecting S-RLF, UE retains the measurement configuration for the secondary (NR) node. 
· Assumption 8:  Master (LTE) node can always release the secondary (NR) node measurement configuration without involving the secondary (NR) node.
Proposal 6a:
It is proposed to agree on all the LTE-NR measurement assumptions (1 through 8) in this section.

Proposal 6b:
The procedural aspects of how gNB provides assistance to the master node for configuring additional secondary radio specific measurements (e.g. based on secondary radio capabilities of the UE) need to be further studied in RAN2 and RAN3.

Proposal 6c:
The procedural aspects of how the additional measurement results are delivered to gNB need to be further studied in RAN2 and RAN3.

3
Conclusion
Based on the discussion above, we make the following observations and assumptions. We also consider it quite important to synchronize with RAN WG3 regarding the different aspects mentioned here. We would propose that we, at least, inform them with an outgoing LS about the RAN2 agreements made on the LTE/NR tight interworking including the capability discussions. 
For the UE capability reporting and coordination aspects:
Observation 1: The assumption of a single RAT in LTE DC operation allowed the possibility that the MeNB and SeNB could both freely interpret the UE capabilities which are common inside the RAT and known inside the RAT.

Observation 2: LTE-NR tight interworking involves different RATs by definition and hence it cannot be assumed that the eNB or the gNB will be continuously upgraded to keep up to date with capability updates happening in the other RAT.

Observation 3: Meeting the goal of a future-proof solution for tight-interworking that is scalable for all NR bands and tight interworking scenarios is highly correlated to the assumption of minimum sharing of LTE and NR UE capability.

Observation 4: A lightweight approach to tight interworking capability reporting wherein the UE signals RF restrictions or a limited set of such capabilities in a concise manner seems a reasonably good starting point.

Observation 5: Approaching the modelling of tight interworking capabilities with minimal sharing between LTE and NR is logical considering the initial deployments will have NR operating at high frequency.

Measurement framework for tight-interworking:
Assumption 1: Use of tight interworking is always decided by the master node (LTE)

Assumption 2: Master node (LTE) can configure measurements of secondary access (NR) radio quality

Assumption 3: Measurement configuration does not have to be changed depending on the tight interworking state

Assumption 4: The secondary (NR) node measurements are configured in master (LTE) node RRC measurement framework.

Assumption 5: Master (LTE) node configures the measurements but secondary (NR) node can itself request the master node to configure additional measurements.

Assumption 6: UE does radio link monitoring for the secondary (NR) node (i.e. “S-RLF” according to DC terminology).

Assumption 7: After detecting S-RLF, UE retains the measurement configuration for the secondary (NR) node. 

Assumption 8:  Master (LTE) node can always release the secondary (NR) node measurement configuration without involving the secondary (NR) node.

	Proposal 1: Keep the discussion about the aspects of capability coordination between network nodes for tight interworking scenarios separate from the standalone operation (the standalone operation also includes inter-RAT HO scenarios).

Proposal 2: Model the tight interworking capability with minimal sharing between LTE and NR.
Proposal 3: Agree the following principle: the master node does not need to interpret the UE capabilities pertaining to the RAT hosted by the secondary node.

Proposal 4: Agree that the master node does not need to interpret/comprehend the configuration provided by the secondary node.

Proposal 5: Allow gNB to format NR RRC PDUs to allow direct signalling of the NR configuration.

Proposal 6a:
It is proposed to agree on all the LTE-NR measurement assumptions (1 through 8) in this section.

Proposal 6b:
The procedural aspects of how gNB provides assistance to the master node for configuring additional secondary radio specific measurements (e.g. based on secondary radio capabilities of the UE) need to be further studied in RAN2 and RAN3.

Proposal 6c:
The procedural aspects of how the additional measurement results are delivered to gNB need to be further studied in RAN2 and RAN3.
Proposal 7: Send an outgoing LS to RAN3 informing them the outcome on the above mentioned aspects.


References

[1] RP-161266: 5G architecture options – full set, Deutsche Telekom AG
[2] R2-164752: General considerations for LTE-NR tight interworking, Nokia, Alcatel-Lucent Shanghai Bell
[3] R2-165012: Report on email discussion: [94#39][NR] C plane aspects for tight interworking
[4] R2-16xxxx: Report of e-mail discussion [95#30] Capability coordination for NR and LTE
Appendix: Text Proposal for TR 38.804
Beginning of the Text Proposal
4.2
Guidelines

For both control plane and user plane protocols:
-
NR Radio protocols and procedures should be designed to have as much commonality as possible between tight interworking with LTE and standalone operations.

-
Most essential functions (e.g., initial system access) should be future proof and designed to be common to various different use cases and services.

-
LTE layer 2 and RRC functions are taken as a baseline for NR.
In terms of intra-NR mobility:

-
Two types of UE states are taken as a baseline; one is network controlled mobility and the other is UE based mobility.

-
For typical inter-gNB network controlled mobility, the information provided in measurement configuration required for the UE to perform measurements should be minimised (e.g., avoid the need to provide detailed cell/beam level information). More detailed information may be provided to address some cases.

-
UE context transfer should be minimised as a consequence of UE based mobility.
In terms of URLLC:

-
Study will not focus on high availability as in node, hardware/software, transport link availability, and instead the focus should be on coverage, mobility, radio link features etc. related to providing low latency and/or high reliability.
In terms of system information delivery:

-
System information distribution should target a single technical framework, ensuring future proofness and smooth introduction of new services and features.

-
System information distribution should consider performance aspects like accessibility and state transition latency.

-
System information distribution should enable a high level of configurability enabling optimization of KPIs such as energy savings and accessibility.

-
System information distribution should include fast and efficient mechanisms for handling of system information change.

-
System information distribution should explore and leverage the fact that parts of the system information may be the same across a large area, such as the parts associated to system access (e.g. RACH configuration during state transitions).

-
System information distribution in NR should be designed such that UEs supporting less than the carrier bandwidth can determine at least the minimum system information.

-
System information broadcast should allow configurations that enable network energy efficiency (e.g. by long DTX duration).

In terms of LTE NR tight interworking:
· The tight interworking capabilities are additional to the standalone capabilities.

· There is minimal sharing of capabilities between LTE and NR.

· The master node does not need to interpret the UE capabilities pertaining to the RAT hosted by the secondary node and does not need to interpret/comprehend the configuration provided by the secondary node.
· The secondary node can format RRC PDUs pertaining to its configuration.

· The secondary node can assist the master node for configuring secondary radio specific measurements and the measurement results are delivered to secondary node.
End of the Text Proposal
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