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1 Introduction

During RAN2#95, it was agreed to have an email discussion on UE capability coordination for NR and LTE.

· [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 following agreements were also made in RAN2#95:

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.

2 Classification of solutions presented in RAN2#95

In RAN2#95, solutions were presented for UE capability coordination. These solutions could be analyzed based on different metrics. Looking at how the LTE and NR networks coordinate the configurations, the contributions could be classified as follows: 
1. No LTE/NR coordination
a. UE capability update based coordination [1]
2. LTE/NR network coordination with abstract capability/configuration dependencies
a. UE capability sets based coordination [1]
3. LTE/NR network coordination with explicit capability/configuration dependencies
a. ASN.1 (the other RAT’s RRC/IEs) based coordination [3]
b. Coordination container/Common across RATs configuration based coordination [4], [6]
c. Semi-static capability split at NW based coordination [7]
d. Common capability across RATs based coordination [9], [10]
Section 4 will be open for companies to describe their proposals in detail. 
3 Requirements
In order to progress the understanding of possible different solutions for how to coordinate capabilities between the UE, LTE eNB and NR gNB coordinate the capabilities across RATs, it is first necessary to step back and create a consensus around high level requirements for handling capabilities within and across RATs.
3.1 Deployment scenarios
In RAN2#95, we have converged on guidelines for designing the radio interface protocols for the New Radio Access Technology (R2-165907), which states:

The deployment scenarios in terms of CN-RAN connection are classified into the following cases:

1. NR gNB is a master node;

2. LTE eNB is a master node;

3. eLTE eNB is a master node;

4. Inter-RAT handover between NR gNB and (e)LTE eNB.
5. Standalone NR gNB
Question: Which deployment scenarios should be addressed in this discussion? 
	Company
	Comments

	QC
	We prefer a solution, which addresses all the above scenarios (1...5), with maximum procedural sharing.

	Nokia
	We propose to discuss the scenarios 1 through 3 are all involving LTE and NR RATs tight interworking (please indicate this alongside the bullet points 1-3 indicating this). In addition, we agree the goal is to maximize the common aspects for the capability reporting for the standalone scenarios.

	Intel
	While we agree that a common handling for all scenarios is desirable, since this discussion covers both capability reporting and network configuration coordination, we would like to keep the initial discussion and decision for Tight interworking.  Further discussion will be needed on applicability of the solution for each of the other scenarios.  For example the nature of capability/configuration coordination between LTE and NR could be different for standalone NR gNB, inter-RAT HO etc.

	LG
	All DC based scenarios, i.e. 1, 2, and 3, should be considered.

	NEC
	All scenarios from 1 to 5 need to be considered in the end. However, the scenario 4 and 5 could be only reated to the discussion on the format of UE capability signaling, i.e. it should be basically common among the scenarios 1, 4 and 5.

	CATT
	At least 1-3 should be the target for LTE-NR tight interworking scenarios discussion.

	Samsung
	We understand the discussion is about IRAT DC i.e. in case of HO there is no coordination issue. We also wonder what, from capability coordination perspective, would be a difference between LTE and eLTE eNB as MN.

	Ericsson
	1, 2 and 3 should be addressed. In our understanding 4 and 5 do not involve capability coordination.

	ITRI
	We prefer to focus on cases 1, 2, and 3 for LTE-NR tight interworking. 

Whether the coordination of LTE-NR tight interworking applies to case 4 and/or 5 may need further study. 

	DOCOMO
	We also think that cases 1,2,3 are the main cases that needs to be addressed for capability coordination, whereas case 4 and 5 may not necessarily need coordination but just forwarding UE capability of the other RAT to the other (case 4).


Rapporteur summary: 
All companies think we should work on the cases 1,2 and 3 for the LTE+NR interworking UE capability signaling study.

In addition, 3 companies indicated the case 5 also needs to be taken into account for the UE capability signaling study.
Proposal 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.

Proposal 2: RAN2 should discuss whether to take into account the standalone NR gNB operation in the UE capability reporting study for the coordination of capabilities.

3.2 Need for the UE to update its UE capabilities

It is important to understand how frequently the UE can change its capabilities, in order to understand how the coordination will work across RATs.
Question: What level of update should the system support for changing capabilities?

a) LTE method – only available by performing detach/attach

b) UMTS method – allowed at every new RRC connection

c) New method – please include description

	Company
	Comments

	QC
	c), The UE should be able to notify the change of UE capabilities over time. The UEs are packing more and more complexity and features which could affect the 3GPP features, e.g., 1) WLAN networks can pump very high throughput that may be locally generated and mirrored to an external screen and 2) VR and high definition recording can consume the UE’s CPU/GPU/Buses for extended periods of time.
The UE capability updates rate can be capped.

	Nokia
	We think that we should first discuss the different options of UE capability reporting and their use cases. Once the motivations are clear, we could consider the question: E.g., can a UE also initiate a capability update, or can only NW request UE capability update?

	Intel
	We support the possibility to update the UE capability, in both connected and during Idle/Active transitions without performing Detach/Attach as the high processing and data rates UE to be supported needs mechanisms in the UE to dynamically share resources or reduce capability.  Some additional study will be needed on how frequently this should allowed and which capabilities can be dynamically updated.  A UE autonomous update mechanism can be considered, with safeguards on frequency of update and extent/nature of change allowed.

	LG
	It depends on how frequently UE capability is changed. If it happens frequently compared with LTE, some enhancement, e.g. capability update without detach, can be considered. 

	NEC
	a) can be baseline and we are open for further discussion. However, it would be preferable to see some requirements from SA1 (or maybe RANP-level discussion?).

	CATT
	UMTS method is signalling heavy and UE capability would not expect to change so frequently. As many UEs to be kept in connected or new state in NR, it would be useful to avoid the need for capability update via detach/attach.  We are open to study a new method for UE capability update.

	Samsung
	As indicated in R2-165044, we propose to maintain the principle that the network shall respect UE capabilities i.e. only signal configurations the UE supports. It is not clear to use how we can maintain this principle when UE would dynamically update its capabilities.

	Ericsson
	a) Our understanding is that so far capability signaling during attach has been proven sufficient, and should thus the baseline for NR. 

Changing to a solution where UE can dynamically update capabilities will move the capability coordination signaling from a network internal signaling to signaling between the network and the UE. Our understanding of the proposal is that the UE should be allowed to update its NR-capabilities in response to LTE configuring the UE in a certain way, and vice versa. This would result in a lot of ping-ponging where e.g. the NR node gives a configuration to the UE triggering the LTE capabilities to change and hence LTE eNB reconfigures the UE and that might in turn result in that the NR capabilities change and hence NR configuration needs updating, and so on. This, would cause increased radio interface signalling and latency as the capability coordination turns into a negotiation between network and UE, less network control for RRM, e.g. load balancing, difficulties for UE interoperability testing as UE capability is updated.

	ITRI
	We’d like to understand in what case UE capability may need to be updated (e.g., may be when the UE turns on/off a RAT, or may be impacted by HW/SW implementation). 
We are open to study a new method with avoiding detach/attach.

	DOCOMO
	We share the views that the motivation and scenarios for UE capability updates needs to be further clarified/discussed.
One main concern with flexible UE capability updates is that the NW does not have any control of the expected UE capability (e.g., a UE may never indicate that it is capable of its max t-put capability) may if it can change its capability based on its condition.


Rapporteur Summary:
6 companies are okay to study the UE capability update.
3 companies require further clarification of the requirement.

1 company disagreed the UE capability update requirement.
The following open issues are raised:

1. How often can UE update the capability information?
2. Which capabilities can be updated?

3. What event triggers the UE capability update (e.g. NW control)?

4. How can the network respect the UE capability while UE updates the capability over time?

Rapporteur propose to study the UE capability update option for NR and LTE respectively and discuss the open issues raised above.
Proposal 3: Study UE capability update without detach/attach for NR
FFS:

1. How often can UE update the capability information?

2. Which capabilities can be updated?

3. What event triggers the UE capability update (e.g. NW control)?

4. How can the network respect the UE capability while UE updates the capability over time?

3.3 Future proofing of capability reporting

In RAN2#95, we have converged on guidelines for designing the radio interface protocols for the New Radio Access Technology (R2-165905):

Agreements:

1
The following aspects are captured as guidelines in the TR.

- Commonality between tight interworking and standalone operations.

- Commonality and future proofing to various use cases and services

- L2 functions and RRC in LTE as baseline

For both control 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.

Question: Should the handling of NR capabilities be future proof and designed to be common to various different use cases? 

	Company
	Comments

	QC
	Yes, we would like to avoid having different information and procedure for each scenario in section 3.1. 
The following items should be considered for sharing:

- Capability reporting to NR shall not be different for different deployments,

- Capability reporting to LTE shall not be different for different deployments,

- Duplicate information reported in the LTE and NR capabilities should be minimized. This not only translates into minimizing the overall message sizes, but also minimizes dependency between the LTE and NR specifications.

- Network negotiation procedures with regard to discovering capabilities and agreeing on a configuration.

As mentioned in the email discussion, we foresee the deployments evolving, for example, from "3. eLTE eNB is a master node" to "1. NR gNB is a master node;". We would like such transitions to require minimal development, testing and IOT efforts. 
This can be achieved by making the UE capability reporting common to multiple procedures. Based on the UE capabilities, the UE will be able to accept the appropriate configuration from the appropriate node (NR, LTE/eLTE NB). This can be achieved without sending both the LTE and NR full capabilities separately to each RAT.

	Nokia
	We agree RAN2 should always aim to be future-proof. However, more important question would to consider questions that allow us to assess how we can ensure that, for example: 

· How much does a given RAT need to know about the other RAT capabilities?

· How can we ensure compatibility across different releases of each RAT (e.g. tight interworking for LTE release 15 and NR release 16 operation, so the overall tight interworking solution is scalable with respect to future releases)
· How do we avoid bloating the capability container size?

	Intel
	Commonality of procedures related to capability reporting and future proof design is desirable in principle especially with regard to UE capability reporting.  However, as commented in section 3.1, applicability to intra-NR and inter-RAT HO scenarios should be further discussed.

	LG
	Yes, we prefer single UE capability per RAT regardless of use case or deployment scenario.

	NEC
	Yes, this should be intended design policy.

	CATT
	It is beneficial to design a procedure which is future proof. A common procedure applicable to different scenarios is preferable.

	Samsung
	We should of course adopt a solution that can be sustained in future NR releases (but wonder about the particular relevance of this question)

	Ericsson
	We agree that handling of NR capabilities should be future proof and designed to be common to various use cases. However, we don’t consider eLTE or NR as master node to be a deployment, but rather a UE configuration aspect. In terms of setting up LTE/NR tight interworking, this will always be preceeded by single connectivity, where the UE should signal it’s full LTE and NR capability to the network. Based on this information, and possible measurement reports from the UE, the network can then decide on the suitable LTE/NR configuration of the UE, based on e.g. network load on the two accesses.

	DOCOMO
	We agree that NR Capability handling should be future proof.
We also share Ericsson’s view that the set up of LTE/NR tight interworking starts with single connectivity which means that full LTE and NR capability needs to be visible by the network (MN) in order for the NW to configure the necessary measurements for DC, and in addition to the UE measurements, the network load should be considered for NR/LTE UE configuration for DC.


Rapporteur summary: 
All companies confirm that the NR capability handling should be future proof.

7 companies support the principle: the NR capability handling should be common to various use-cases.

The following open issues are raised:

· For LTE+NR interworking capability signaling,

· How much does a given RAT need to know about the other RAT capabilities?

· How can we ensure compatibility across different releases of each RAT (e.g. tight interworking for LTE release 15 and NR release 16 operation, so the overall tight interworking solution is scalable with respect to future releases)
· How do we avoid bloating the capability container size?
· Applicability of the common UE capability signaling to intra-NR and inter-RAT HO scenarios.

2 companies indicate the following solution would be a potential solution for LTE/NR tight interworking (LTE as a master node case):

· The UE should signal it’s full LTE and NR capability to the network in single connectivity. Based on this information, and possible measurement reports from the UE, the network can then decide on the suitable LTE/NR configuration of the UE, based on e.g. network load on the two accesses

All companies agreed that the NR capability handling should be future proof. However there was no convergence on the concept. Following concepts were mentioned twice or more:
Proposal 4: The NR capability reporting should be common across LTE/NR tight interworking cases (LTE eNB, NR gNB or eLTE eNB as a master node) and the standalone NR gNB case.
FFS:

· For LTE+NR interworking capability signaling,

· How much does a given RAT need to know about the other RAT capabilities?

· How can we ensure compatibility across different releases of each RAT (e.g. tight interworking for LTE release 15 and NR release 16 operation, so the overall tight interworking solution is scalable with respect to future releases)

· How do we avoid bloating the capability container size?

· Applicability of the common UE capability signaling to intra-NR and inter-RAT HO scenarios.

3.4 Capabilities needing coordination
To choose a solution, it is interesting to make some assumptions 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).
Companies are invited provide their view on what capabilities need coordination. For example, 
· RF carrier/band combinations

· MAC capabilities e.g. max. bits in TTI, soft bits

· PHY capabilities e.g. MIMO layers
	Company
	Comments

	QC
	If the UE can update its base capabilities per RAT, then the capabilities that need coordinating fall back to a similar set as in LTE:RF carrier/band combinations, Layer 2 buffer capabilities, transport block bits in a TTI and total soft bits and PHY capabilities (e.g. MIMO layers, multipleTimingAdvance, simultaneous-Tx, DC Support across RATs, NAICS), and measurement capabilities.
However, if the UE cannot update its base capabilities, then, most, if not all the UE capabilities may be affected by what’s happening on the other RAT, starting by the UE category, PhyLayerParamters, rf-Paramters, measurement capabilities, etc..

	Nokia
	We agree that the above capabilities are good starting points.

	Intel
	We had provided a Tdoc R2-165009 in RAN2 #95 with the list of capabilities that need coordination using LTE as the baseline.

	LG
	RF carrier/band combinations related capability need to be coordinated between RATs. However, master and secondary NB use separate MAC in DC based scenario. So we think MAC/PHY capabilities don’t need to be coordinated.

	NEC
	We also agree with those capabilities above as the starting point. To our understanding, the following could be candidates:
RF capabilities: supported band combination
PHY capabilities: Maximum number of supported layers for spatial multiplexing in DL, maximum number of spatial multiplexing layers in the uplink/downlink
L2 capabilities: Maximum number of DL-SCH/UL-SCH transport block bits received within a TTI, Total number of DL-SCH soft channel bits, Total layer 2 buffer size, maximum number of header compression context sessions
Measurement capabilities: need for measurement gap for inter-frequency measurement or inter-RAT measurement

Inter-RAT Dual Connectivity support, e.g. supported bearer types

	CATT
	We see at least two types of UE capabilities for coordination. Category 1: need clear separation of capabilities. Example is RF related parameters frequency band combination support. Band /band combinations in the same /similar frequency range that cannot be configured simultaneously from radio perspectives/ sharing of RF related hardware. Other category of parameter coordination is desirable but conflict may only reduce the performance. Eg: : Maximum number of UL/DL-SCH transport block bits per TTI, total number of DL-SCH soft channel bits, UL transmission power, etc. 


	Samsung
	As always LTE should be regarded as baseline. In LTE DC we think there are 2 primary types of UE capability dependency/ sharing levels:

a) General dependencies i.e. parameters for which Master node (MN) can simply indicate a split ratio (i.e. per UE value)

b) Detailed dependencies i.e. i.e. parameters for which dependencies/ sharing involves more detailed specification. E.g. Supported band or band combinations, or MIMO layers or number of CSI processes (in LTE specified per band of band combination, BoBC)
We wonder if for IRAT DC we really need to support the same high level of UE implementation flexibility as provided by b), or whether it is sufficient to avoid IRAT DC configurations that conflict from RF perspective (e.g. bands/ band combinations that cannot be supported simultaneously).

	Ericsson
	We assume that some coordination with RAN4 is needed for this. However, we don’t understand why the coordination method would have an impact on which capabilities that need coordination. As a general comment, it would be good if the number of parameters to coordinate would be kept at a minimum to simplify the coordination.

	ITRI
	We agree that LTE shall be taken as baseline. In our view, the parameters need to be coordinated including: band combinations, UL transmission power, MIMO layer, total soft channel bits, measurement capabilities. Considering Split bearer via SCG, MNode and SNode need to coordination supported bearer types.

Though LTE and NR use separate MAC entities, but may share RF hardware in implementation. The coordination may include the Maximum number of UL/DL-SCH transport block bits per TTI and the supported Maximum number of soft bits.
However, we don’t see the need to coordinate maximum number of header compression context sessions.

If it is still the MNode initiating the SCG configuration and determining the bearer(s) to be split or be steered, the number of ROCH context session(s) is determined when adding SNode. Even if SNode decides to perform Split bearer via SCG, no additional ROCH session would be created.

	DOCOMO
	We share NEC view on the starting points for the parameters that needs coordination.
· RF capabilities: supported band combination
· PHY capabilities: Maximum number of supported layers for spatial multiplexing in DL, maximum number of spatial multiplexing layers in the uplink/downlink

· L2 capabilities: Maximum number of DL-SCH/UL-SCH transport block bits received within a TTI, Total number of DL-SCH soft channel bits, Total layer 2 buffer size, maximum number of header compression context sessions
· Measurement capabilities: need for measurement gap for inter-frequency measurement or inter-RAT measurement
· Inter-RAT Dual Connectivity support, e.g. supported bearer types


Rapporteur summary:
· 9 companies confirmed that RF carrier/band combinations should be coordinated across the RATs
· 3 companies confirmed that Layer 2 buffer capabilities should be coordinated across the RATs
Proposal 5: RF carrier/band combinations across RATs should be coordinated across the master and the secondary nodes.

Proposal 6: Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.

3.5 Understanding of the other RAT’s UE configuration
RAN2#95 made the following agreement with an FFS:

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.
Companies are invited to provide their views on the FFS.

Question: LTE (respectively NR) master node should not be required to understand NR (respectively LTE) configuration of the UE?

	Company
	Comments

	QC
	No, master node shouldn’t be required to comprehend the other RAT’s UE configuration. Otherwise independent evolution of LTE and NR is not possible.
When LTE was introduced in Rel-8, a UE was mandated to support Rel-8 HSPA in order to support inter-RAT mobility between LTE and HSPA. If one RAT has to comprehend the other RAT’s configuration, then this will result in a tight update to the 3GPP releases across the RATs.

	Nokia
	In our company contribution R2-164752 from previous meeting we have already clarified that once the coordination is performed between the network nodes, the master node does not have to understand the secondary node configuration. 

Thus, LTE (respectively NR) master node should not be required to understand NR (respectively) configuration of the UE.

	Intel
	LTE (respectively NR) master node should not be required to understand NR (respectively LTE) configurations of the UE for reasons to allow for independent specification and product evolution of LTE and NR and inter-operability will not be fully specified (further details are provided in Tdoc R2-165016. 

	LG
	No, we think independent evolution of NR and LTE should be guaranteed.

	NEC
	The point is a bit different from the legacy inter-RAT case, because a UE communicates with both (e)LTE eNB and NR gNB at the same time.
For instance, it will be necessary for the secondary node to know the following configurations set by the master node:
measurement gap configuration (MeasGapConfig), guaranteed uplink power for the master/secondary node (p-MeNB, p-SeNB) and total number of header compression context sessions (maxCID) for master/secondary node.
If companies above mean these configuration information by the master node can be known by the secondary node “via capability coordination”, then we also tend to agree that the master node should not be required to understand secondary node configurations.

	CATT
	Agree with above companies that master node should not be required to understand/comprehend secondary node’s UE configuration and vice versa.

	Samsung
	We also share the view that MN should not be required to comprehend the other RAT’s UE configuration. We think the same applies to UE capabilities i.e. MN should not be required to comprehend the other RAT’s UE capabilities.

	Ericsson
	In LTE DC, MeNB provides SeNB with the complete set of UE capabilities and the MCG configuration. From the configuration and capabilities, the SeNB is able to derive what remains for SeNB and prepares the SCG configuration. The MeNB receives the SCG configuration and can derive what is left for the MCG configuration. This signaling is based on MeNB and SeNB understanding each others configuration.
As we have agreed to take the DC solution as a baseline for LTE/NR interworking, we think the starting point should be a solution where MeNB and SeNB are able to understand each others configuration. However, we acknowledge the additional complexity as two different standards are involved in LTE/NR interworking, and we are open to discuss different solutions. We assume though that also for NR-LTE interworking there must be some level of understanding of the other RAT’s configuration, so the question is not whether they will understand each others configuration, but rather how this understanding is achieved (e.g. is it by means of a new protocol between the MeNB and SeNB or should an “inband” solution be applied where the eNBs looks at each others RRC messages). We also think that independent standards evolution can be achieved even in a solution, where the MeNB and SeNB implementations are required to understand the configuration of the other node.

	ITRI
	We agree that MNode need not to understand/comprehend the SNode configuration of a UE. We prefer to guarantee via the coordination between LTE and NR that the configuration from MNode and SNode comply with UE capability

	DOCOMO
	In order for the MN (SN) to set the appropriate UE configuration:
1) the MN and SN need to have the knowledge of usable UE Capability of the concerning RAT
2) In addition to information of point 1), the MN(SN) needs to understand to certain extent the SN (MN) UE Configuration so that each node can set appropriate UE Configuration,
Above point 1) is under discussion ini section 4.

Above point 2) can be done by:

a) inband manner (i.e., like in LTE where the MN and SN understand each other ASN.1) or 
b) outband manner ( e.g., specific coordination procedure in addition to UE Capability coordination or a criterion based (e.g., achievable throughput as indicated in 4.7))
Point 2 ) needs to be clarified together with point 1) in order to see the full picture.


Rapporteur summary:

7 companies expressed their preference on "LTE (respectively NR) master node should not be required to understand NR (respectively) configuration of the UE".
1 company is okay that the master node is required to understand the other RAT’s configuration and the company also mentioned "We also think that independent standards evolution can be achieved even in a solution, where the MeNB and SeNB implementations are required to understand the configuration of the other node". However the rapporteur has no clue how we can achieve that so further RAN2 input is expected.

Proposal 7: LTE (respectively NR) master node should not be required to understand NR (respectively) configuration of the UE.
4 Capability coordination solutions
In this section, companies are invited to describe solutions, as well as comment on all solutions.
4.1 No LTE/NR UE capability coordination across RATs
4.1.1 Description
The following figure shows an example of how option 1a would work for the LTE+NR interworking coordination.
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Figure 1: UE capability update based coordination
1. LTE eNB enquires the UE capability information.
2. UE signals LTE capability and NR measurement capability to LTE eNB (Independent LTE specific UE capability information).

3. NR gNB tells UE the specific frequency bands for UE capability signalling optimisation.
4. UE signals NR capability and LTE measurement capability to NR gNB (Independent NR specific UE capability information).

5. Master and Secondary nodes coordinate the configurations, e.g., flow and security configuration.

6. NR gNB configures UE with 2 NR carriers CA.
7. LTE eNB configures UE with a single LTE carrier.

8. UE notifies LTE eNB the change of LTE UE capability information (e.g. no CA support in the UE capability information) based on the new configuration received in step 7.

9. UE notifies NR gNB the change of NR UE capability information (e.g. 3 CA support in the UE capability information) based on the new configuration received in step 6.
4.1.2 Comments

	
	General comments
	Positives of this solution
	Negatives of this solution

	QC
	· 
	· UE can adjust the RRC configuration according to the latest UE status (e.g. available resources, conflict with configurations from the other RAT).

· Each RAT can operate completely independently without any UE capability coordination.
	· Ping-pong capability updates and reconfigurations may happen across RATs (depend on the rules introduced).
· NW has no direct control of UE resource split across RATs. Control is possible by releasing resources, and expecting them to be recovered on the other RAT.

	Nokia
	There are many aspects that are unclear when dealing with Steps 1-7. Without going to the details to discuss the Figure 1, we would like to re-interpret Steps 1-7 as providing the initial (or first tight interworking configuration).

Then the main focus of this discussion are the Steps 8 and 9.

Furthermore, beyond Step 9 there could be a second tight interworking configuration provided by the network.
	· Network nodes are operating relatively independently

· Network nodes seem to not need to know other’s capability

· Capability coordination provided by UE
	· New capability enquiry procedure needed for LTE (to receive capabilities from NR) 

· Needs new behavior to be agreed in the LTE RRC only for tight-interworking purposes.

· Unclear system view (i.e. network RRM view missing: who triggers each procedure and based on which information)

· Several steps required, increasing latency and cases for error handling (i.e. each step can go also wrong); Iterative process needed to arrive at optimal configuration also increases latency.

	Intel
	· We are not sure if we fully understand this solution.  

· From what we understand, step 5 only involves DRB/flow and security configuration exchange and nothing related to UE lower layer capability or RRC configuration provided to UE.  

· What triggers step 7 – is it independent of step 6?  

Once UE does step 8 and 9, is it possible for network to go to 2CA in LTE and 2CA in NR?
	· Based on our limited understanding of the solution, it seems that there is no configuration or capability coordination needed between network nodes and allows each node to operate independent of the other.  This allows independent evolution of the specification and network implementations.
· The UE doesn’t need to provide information on dependency between LTE and NR. It can reduce UE capability information in each RAT. 

· 
	· Network has no control over how it wants to partition the resources.  Based on our understanding, it does not seem possible for example for LTE to go to 2CA once UE has signaled step 8 and 9.  In the example, it is not clear to us what will cause the UE to change its capability from (LTE 2CA+NR2CA) to (LTE 1CA+NR 3CA).

	LG
	
	· Each RAT doesn’t need to comprehend the other RAT’s capability information.
· .
	· Frequent UE capability update. 
· It is unclear how the UE set the capability for each RAT.
· NW cannot control the UE resource directly.

	NEC
	· 
	· 
	· 

	CATT
	· if the UE capability has changed in step 8 and 9, Dc reconfiguration would be required to reflect the parameter change

· Question: can the LTE eNB add a cell exceeding the LTE capability and the UE can adjust the LTE and NR capability accordingly. Or does the network always obey the capability signaled by the UE?
	Network nodes operate relatively independently under the assumption that no Ue capability related parameters are coordinated at step 5.


	· Capability coordination is totally up to the UE. it is not clear whether there is any network involvements on coordination and how the UE set capabilities for each RAT.

	Samsung
	We understand that in this case there is capability coordination but it is UE based i.e. achieved by dynamic update of the UE capabilities. E.g. when SN requests an SCG configuration that limits MCG configuration options, the UE updates the LTE capabilities i.e. removes bands/ BCs that it does not support alongside the current SCG configuration

It is not entirely clear to us how to handle the case one node wants to take a larger piece of the UE capabilities, which is possible only when the other node reduces its piece. E.g. when MN wants to take a larger piece, would MN request SN to reduce its configuration via the UE. Would it mean the UE would indicate to SN a capability below the current SCG configuration? Furthermore, in such approach, how can the network ensure the most optimal configuration is selected i.e. how to such negotiation
	· Agree with Nokia that the nodes can operate relatively independently, a.o. without having to comprehend other RAT particulars

· Avoids Xn based coordination
	· We understand that in case of dynamic UE capabilities, the network will end up having to try assigning a configuration i.e. trial and error

	Ericsson
	· See our comments to 3.2.
	· UE capabilities can be used to maximum
	· Network does not have full control of RRM, e.g. load balancing

· UE capability coordination turns into a negotiation between network and UE, causing increased radio interface signaling and increase latency until suitable configuration is found

· Difficulties for UE conformance testing as UE capabilities are changing dynamically

	ITRI
	We’re not sure if we fully understand this solution. The coordination seems to be UE based. In what condition the LTE eNB trigger Step 7? Is it possible for the UE to reject the Step 7 configuration? Is Step 9 a must along with Step 7 & 8?

More detail of Step 5 would help the understanding.
	· LTE and NR are independent.
	· The UE may not have system view to choose a “good” configuration.
· Signaling overhead results from (multiple) LTE/NR DC configurations.


Rapporteur summary: 
	
	General comments
	Positives of this solution
	Negatives of this solution

	Rapporteur
	There are some open issues, which require further study.
	eNB/gNB don’t need to comprehend the other RAT’s configuration.
	· Network does not have full control of RRM, e.g. load balancing.

· It may end up in the ping-pong configuration.
· Uu signalling overhead and latency are increased.
· It has LTE RRC spec impact to define the new procedure


4.2 UE capability sets based coordination
4.2.1 Description

The following figure shows an example of how option 2a would work for the LTE+NR interworking coordination.
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Figure 2: UE capability sets based coordination
1. LTE eNB enquires the UE LTE capabilities.

2. UE signals LTE capability sets and NR measurement capability to LTE eNB.

3. NR gNB enquires for the UE NR UE capabilities.

4. UE signals NR capability sets and LTE measurement capability to NR gNB.

5. Master and Secondary nodes coordinate the configurations by agreeing on compatible sets. Let us assume set2 was chosen.

6. NR gNB configures UE according to NR UE capability set2.

7. LTE eNB configures UE according to LTE UE capability set2.

4.2.2 Comments

	
	
	Positives of this solution
	Negatives of this solution

	QC
	· 
	· Each RAT’s NB doesn’t need to comprehend any configuration/capability of the other RAT other than understand which sets are compatible (can be used for simultaneous configuration).
· Ping-pong reconfiguration won’t happen across RATs.
· NW has some choices for UE resource split across the RATs.
	· There is a trade-off between the UE's ability to finely express the resource split between RATs, and the number of sets.
· FFS How many sets need to be signaled in practice.

	Nokia
	Like in the previous section, we only focus on Steps 2 and 4 for this discussion. We have some general questions which are perhaps details but would be good to understand. 

· We assume that these sets exclusively tight interworking capability sets.

· How are these sets correlated with the LTE sets?

· Does NR gNB know   from the number that the sets correspond to other sets in LTE, i.e. is there always one-to-one mapping between the sets?
	· Easier coordination allows low complexity decision making (if the number of sets reported by the UE are limited).

· Each RAT can trigger independent configuration modification, thus fulfilling the independent evolution of RAT as well as providing aggregation opportunity.
	· Impact to LTE RRC specification: medium.

· Reporting multiple sets increases capability size a lot 

· The tight-interworking capabilities are reported twice (one per RAT).

· Need to check at every release whether to allow inclusion of new parameters in the sets.

	Intel
	In our understanding of the proposal, there is still a need for inter Node interaction - of providing the “configuration” of the other node and negotiation.  If NR supports set x but LTE doesn’t, then the negotiation will fail.  The main difference then is that there is more hiding of the other RAT capability and configuration.  
	· The other RAT capability and configuration is hidden allowing easier independent evolution. 
	· However, this also implies that network cannot coordinate between them to decide on full use of UE capability. For example, LTE MCG does not know what set 1 corresponds to in NR and hence has no possibility to decide the overall appropriate combination considering both LTE and NR.

· RAN2 should study how SETs can be defined to reflect the dependency between LTE and NR capabilities and the required number of SETs.

	LG
	
	· Each RAT doesn’t need to comprehend the other RAT’s capability information.
	· The set restricts utilization of UE capability so fine control is difficult to utilize full UE capability.
· It is difficult to define capability sets.

	CATT
	We consider that some capability set may only have LTE components while others are in support of combination of LTE and NR capabilities. A such mechanism allows for common procedure for capability signaling in different scenarios. With the former case where a set refers to only LTE capability, there would not have a corresponding NR set. What detail parameters (eg: frequency band) carry in each set is not clear.


	· Concept of Ue capability set could be designed to allow for transparency of parameters related to the other RAT depending on what details is carried in the set

· Each RAT can reconfigure the UE independently within the coordinated capabilities without informing the other RAT.
	· What parameters included in the set is not clear. Especially for parameters relating to the other RAT.

· Number of combination sets may become large.

· 

	Samsung
	Is is not clear to us what a set comprises of i.e. whether: a set concerns a) a complete UE capability i.e. may include any combination of parameter values or b) concerns a few specific parameters for which the need for coordination was identified.

It is not clear to us how the MN decides which set to use (i.e. how to select the optimal set). If sets are purely defined on the basis of which configurations are simultaneously supportable, it may cover configurations with e.g. represent a wide range of throughput values. If so, we are not sure how an MN wanting to maximize throughput can achieve this
	· The nodes can operate relatively independently, a.o. without having to comprehend other RAT particulars
	· We understand this may introduce a significant amount of signaling assuming that most LTE bands/ BCs can be used in conjunction with most NR bands/ BCs. This would mean the sets would be large and there may be a lot of duplication of UE capability information

· The number of sets may be large, although this depends parameters are included.

· It seems difficult for the network to select an optimal set e.g. one providing largest throughput

	Ericsson
	Details of this proposal requires more study
	· Network has control of UE configuration, within the granularity of the signaled sets

· eNBs do not need to understand each others configuration, only which sets that are compatible
	· Full utilization of the UE capabilities can be limited by the number of sets

· Having a very large number of capability sets will increase the capability signalling

	ITRI
	Does the “SET” include only parameters needing coordination? New LTE RRC parameters may be needed for this solution.
	· LTE and NR are relatively independent.
· The coordination is concise.
	· The LTE-NR SET couple may limit the resource utilization of the network. 
· Refer to 3.2 “Capability needing coordination”, the amount of sets could be large.

	DOCOMO
	What is included in each RAT “SET” needs to be clarified. Is it the understanding that a “SET” includes the full capability of each RAT (not only the one that needs coordination)?
Is it the right understanding that the MN (LTE) may need to check NR SET for coordination purposes?


	· 
	· 


Rapporteur summary: 
	
	General comments
	Positives of this solution
	Negatives of this solution

	Rapporteur
	Companies requested more information (especially "SET" details) to study further.

There are some open issues, which require further study.
	· Network has control of UE configuration, within the granularity of the signaled sets.

· e/gNBs do not need to understand each other’s configuration, only which sets that are compatible.
	· Full utilization of the UE capabilities can be limited by the number of sets

· Signaling overhead imposed by "SET" signaling may be increased.


The proponent companies of [3], [4], [6], [7], [9], and [10] are invited to provide further details of their solution proposal in the section 4.3.X.1 below.
4.3 ASN.1 (the other RAT’s RRC/IEs) based coordination

4.3.1 Description
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Figure 4: ASN.1 (the other RAT’s RRC/IEs) based coordination
1. LTE eNB enquires the UE capability information.

2. UE signals overall capabilities to LTE eNB.
3. Master and Secondary nodes coordinate the configurations via full RAT specific configuration across RATs in ASN.1.

4. NR gNB configures UE according to the outcome of the coordination given by the step 3.

5. LTE eNB configures UE according to the outcome of the coordination given by the step 3.

4.3.2 Comments

	
	General comments
	Positives of this solution
	Negatives of this solution

	QC
	· 
	· Most flexible at RAN to split the UE capabilities across the RATs.
	· Independent evolution of LTE and NR is not possible. For every capability added to NR that affects the combination with LTE, the LTE Specification needs to be updated, and vice-versa. 
· Different deployment scenarios require completely different messages and procedures.

	Nokia
	-
	· Allows optimized RRM (from single vendor point of view).
	· Highly complex implementation requirements 

· Each RAT needs to understand and comprehend the other RAT capability (which means that there must be agreement of how capacity is viewed commonly across both the RATs)

· Poor scalability

· Poor inter-operability across vendors and different LTE/NR protocol releases

· Counterproductive approach results in excessive coordination requirements between network nodes (coordination = validating/parsing node configurations)

	Intel
	
	· LTE model re-use, less specification effort

· Better coordination possible on the network
	· Independent evolution of specification and product not possible.

· Interoperability not fully specified and depends on implementations.

	LG
	
	· 
	· Poor inter-operability across LTE/NR releases
· LTE is an obstacle to NR advancement. 

	CATT
	· Close to LTE-DC model


	· The network has full visibility of UE configuration in other RAT, hence flexibility in parameter coordination
	· Independent evolution of LTE and NR will not be possible.

· Excessive coordination signaling over Xn. 

· Interoperability may not be fully supported or complex detail specification is required.

· 

	Samsung
	Solution is not entirely clear to us e.g. how do nodes detect UE capability dependencies/ limitations. Is something indicated in UE capabilities? Is there also a need to comprehend the other RAT UE capabilities?
	· Same view as Intel
	· Same view as Intel

	Ericsson
	
	· Network has full RRM control of the UE configuration.

· UE capabilities can be supported to maximum

· Low specification effort
	· Need to solve how LTE and NR capabilities can be efficiently signaled during attach.

· eNBs need to understand ASN.1 generated by the other node. However, independent evolution of LTE and NR specifications can still be supported, if the NR (or LTE) configuration is carried in a transparent container of the LTE (or NR) specification respectively.

	ITRI
	
	· Similar to LTE DC, MNode can validate the configuration.
	· The ASN.1 of one RAT needs to be updated along the evolve of another RAT. 

	DOCOMO
	Since tight interworking is foreseen anyway (for other layers), we are wondering if understanding ASN.1 of other node would be a huge impact?
	· 
	· 


Rapporteur summary: 
	
	General comments
	Positives of this solution
	Negatives of this solution

	Rapporteur
	There is no common view here.
There are open issues, which require further study.
	· LTE model re-use, less specification effort

· Better coordination possible on the network
	· Full utilization of the UE Independent evolution of specification and product not possible.

· Interoperability not fully specified and depends on implementations.


4.4 Coordination container/Common across RATs configuration based coordination

4.4.1 Description
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Figure 5: Coordination container/Common across RATs configuration based coordination
1. LTE eNB enquires the UE capability information.

2. UE signals overall capabilities to LTE eNB.
3. Master and Secondary nodes coordinate the configurations based on ccoordination container/common across RATs configuration.

4. NR gNB configures UE according to the outcome of the coordination given by the step 3.

5. LTE eNB configures UE according to the outcome of the coordination given by the step 3.

4.4.2 Comments

	
	General comments
	Positives of this solution
	Negatives of this solution

	QC
	· More details are needed.
	· Each RAT NB doesn’t need to fully comprehend the ASN.1 given by the other RAT’s NB so the RATs’ NBs are slightly more independent than solution in section 4.3.
	· Independent evolution of LTE and NR is not possible. For every capability added to NR that affects the combination with LTE, the LTE Specification needs to be updated, and vice-versa. 
· Different deployment scenarios require completely different messages and procedures.

	Nokia
	This discussion only focusses on the inter-node coordination. As we have already mentioned earlier, the amount of coordination effort is quite limited when the UE capability reporting is modelled as described in 4.2.2 and 4.7.
	· Similar benefits as section 4.2.2, allows more exhaustive combinations rather than limited number of sets.

· Allows more flexible RRM.
	· Slightly higher coordination requirement on Xn interface compared to section 4.2.2.

· Requires additional effort to identify the common part v/s transparent part of the SN configuration container.

· Requires defining coordination container within LTE specification

	Intel
	The figure above is not necessarily as shown.  In our view, RAT specific UE capability can be sent directly to the RAT.  Only common capability needs to be signaled to LTE and NR
	· Each RAT does not have to fully comprehend the other RAT’s configuration.

· Features not impacting other RAT and be specified and developed independently.

· Fields that need coordination will be specified leading to fully specified solution

· Network has full control over how the UE capability is used across the two RATs, taking into account also network aspects.
	· Two RATs nodes are not fully independent but that is a consequence of the better network control.

	LG
	
	· Each RAT doesn’t need to comprehend the other RAT’s capability information.
	· UE should performs different capability signaling procedure depending on deployment scenario.

	CATT
	Does the parameter coordination always require prior to UE re/configuration.
	· Each RAT doesn’t need to comprehend other RAT UE configuration fully. 

· The network has some visibility of UE configuration in other RAT,
	· High coordination signaling over Xn assuming the parameter coordination take place prior to Ue parameter reconfiguration.

· Parameters which needs coordination should be specified in both LTE and NR specifications.

· 

	Samsung
	Solution is not entirely clear to us e.g. how do nodes detect UE capability dependencies/ limitations

Regarding the use of s common configuration container, it seems difficult to judge the solution but some general remarks:

a) In case the part is small (i.e. quite basic level of coordination), there seems no real need to use RRC signalling i.e. we could just as well use X2 parameters

b) In case the part is large (i.e. more detailed level of coordination), benefit seems small compared to requiring comprehension of the entire configuration/ capabilities. In such case partial comprehension has the drawback that it is more cumbersome i.e. involves definition of another information structure
	· See general comment
	· See general comment

	Ericsson
	
	· Network has full RRM control of the UE configuration.

· UE capabilities can be supported to maximum 

· Full understanding of the ASN.1 generated by the other node is not needed
	· Need to solve how LTE and NR capabilities can be efficiently signaled during attach.

· eNBs need to understand contents of the coordination container. 

· For every new L1/L2 parameter added RAN2 needs to consider whether it is relevant for capability coordination and thus should be included in the coordination container.

	ITRI
	
	· MNode can validate the configuration complying with UE capability.
	· Some dependency of LTE and NR evolution. Specification effort to identify the common part. 
· The dependency of LTE and NR RRC may worse when considering the compatibility of versions.

	DOCOMO
	The difference between solutions 4.4, 4.6 is not clear.
[UE to NW]

Does the UE sends all the LTE and NR capability to MN?

[MN - SN]

The “parameters (and value) common across RAT” is negotiated between MN and SN? Is the common parameters are specific UE Capability coordination or also for the UE Configuration of each node? 
 
	· 
	· 


Rapporteur summary: 
	
	General comments
	Positives of this solution
	Negatives of this solution

	Rapporteur
	Companies requested more information to study further.
	· Each RAT does not have to fully comprehend the other RAT’s configuration.
	· No converged view but some disadvantages were raised by the companies.


4.5 Semi-static capability split at NW based coordination

4.5.1 Description
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Figure 6: Semi-static capability split at NW based coordination
1. LTE eNB enquires the UE capability information.

2. UE provides the UE capabilities for the two RATs (LTE and NR). For conflicting capabilities between LTE and NR, the UE informs the LTE-NR combination info in the LTE capability. Similarly, the UE informs the conflicting NR-LTE capabilities in the NR-LTE combination info within NR capability. .
3. Master and Secondary nodes coordinate the configurations and negotiate semi-static capability split. Master LTE node forwards the NR capability to NR gNB as well as a LTE-NR combination capability sets to be used in NR gNB. The LTE NB may need to adjust LTE configuration according to the selected LTE-NR combination sets to be used in the NR gNB. 
4. NR gNB configures UE according to the outcome of the coordination given by the step 3.

5. LTE eNB configures UE according to the outcome of the coordination given by the step 3.
6. NR gNB reconfigures UE according to the outcomes of the coordination given by the step 3. 

7. LTE eNB reconfigures UE according tot eh outcome of the coordination given by the step 3.

8. UE capability renegotiation is required. Renegotiate the UE capability split. Renegotiation can be triggered either by MeNB or SeNB.

9. NR gNB reconfigures UE according to the outcomes of the coordination given by the step 8. 

10. LTE eNB reconfigures UE according tot eh outcome of the coordination given by the step 8.

In case Master NB requires to configure the UE with new configuration exceeding the negotiated capability (e.g. addition of a new cell), the Master NB initiates the UE capability coordination prior to the UE parameter reconfiguration. Similarly, if secondary node requires to configure the UE with new configuration exceeding the negotiated capability, the secondary node initiates the UE capability coordination prior to the UE parameter reconfiguration. Therefore capability collision at the UE is avoided.

4.5.2 Comments

	
	General comments
	Positives of this solution
	Negatives of this solution

	QC
	· Please provide call flows that show the extra steps of coordination.

· It is not clear how the network influences the UE capability update.
	· Each RAT NB doesn’t need to fully comprehend the ASN.1 given by the other RAT’s NB so the RATs’ NBs are slightly more independent than solution in section 4.3.
	· Independent evolution of LTE and NR is not easy because there are still some dependencies across RATs. See our comment in section 3.5.

	Nokia
	· 
	· Similar benefits as section 4.2.2, allows more exhaustive combinations rather than limited number of sets.

· Limited coordination between MN and SN (MN or SN could negotiate which capability set to use).

· Allows more flexible RRM.
	· Slightly higher coordination requirement on Xn interface compared to section 4.2.2.

· Reporting of conflicting capabilities needs further study (especially would like to avoid LTE RRC specification impacts).

	Intel
	· Our understanding of the solution is that MeNB does a split of UE capability and provides it to SeNB is only allowed to reconfigured within that capability.  If MeNB wants more or less of the UE capability, it does an update to SeNB and SeNB will provide any corresponding configuration update to the UE.  

[CATT] please see the description added on negotiation/renegotiation of semi-static UE capability split between the two network nodes.
	· Each RAT does not need to know the configuration of the other RAT.
	· This can be seen as MeNB making a guess of what configuration SeNB might use and setting aside the UE capability for it.  

It leads to under utilization of the UE capability.  MeNB does the split and provides a fraction of the capability to SeNB.  But it does not know if the SeNB is actually using it.  In the other direction, it does not know if the “spare” capacity is keeping could be used by SeNB.  
· 

	LG
	· 
	· Each RAT doesn’t need to comprehend the other RAT’s capability information.
	· UE should performs different capability signaling procedure depending on deployment scenario.
· If conflicting NR-LTE capabilities are pre-defined, UE doesn’t need to inform network of that. Otherwise it is difficult for UE to know which capability will conflict.

	CATT
	· Provided additional call flows needed for re-negotiation /coordination of parameters.

·  Please see the description added for UE semi-static capability split negotiation and renegotiation between the master and secondary node. Semi-static split is a result of negotiation. A master-slave behavior between the nodes is not assumed.
·  Renegotiation can be initiated by either Master or secondary node. Renegotiation of semi-static split is used when one RAT wants to configure the UE exceeding the negotiated semi-static split. Renegotiation addresses the concern on capability reservation.
· 
	· Each RAT doesn’t need to comprehend other RAT UE configuration. 

· Allows for more flexible negotiation and flexible RRM.

· Less coordination signaling over Xn compared to 4.4, 4.3. 

· 
	· Each RAT isn’t aware of upto date UE configuration in other RAT. But we don’t see that is needed.

	Samsung
	Solution is not entirely clear to us e.g. what are these overall capabilities based on which MN detect UE capability dependencies? Doesn’t SN also need to know such capability dependencies? Also, it is not clear how the nodes interact e.g. based on what MN decides which of the alternative configurations to select, how the restriction is indicated to the SN, how SN can request reduction of the capability restriction
	· 
	· 

	Ericsson
	More information is needed on this solution in order to understand it. The difference towards previous solutions seem mainly to be in the way the LTE and NR capabilities are signaled from the UE?
	· 
	· 

	ITRI
	
	· Once the negotiation between LTE and NR is completed, the configuration of LTE and NR can be independent.
	· May not fully utilize the radio resource and the capability of UE.

	DOCOMO
	The difference between 4.4 and 4.5 and 4.6 needs to be clarified.
Is it correct that the difference from 4.4. is that the UE decides and send to NW the “common parameters of UE Capability” (i.e., LTE-NR combination info)?
	· 
	· 


Rapporteur summary: 
	
	General comments
	Positives of this solution
	Negatives of this solution

	Rapporteur
	Companies requested more information to study further.
	· Each RAT does not need to know the configuration of the other RAT.
	· No converged view but some disadvantages were raised.


4.6 Common capability across RATs based coordination

4.6.1 Description
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Figure 7: Common capability across RATs based coordination
1. LTE eNB enquires the UE capability information.

2. UE signals overall capabilities to LTE eNB.
3. Master and Secondary nodes coordinate the configurations based on the common capabilities across RATs.

4. NR gNB configures UE according to the outcome of the coordination given by the step 3.

5. LTE eNB configures UE according to the outcome of the coordination given by the step 3.

ZTE:

Based on the analysis given in R2-165116 [9], for the capability that the change of the consumption can only be triggered by RRC procedure (e.g. band combination), some kind of capability consumption update procedure can be used in the X2new interface to keep align the understanding on the capability consumption in both LTE eNB and NR gNB. 

One example for the capability consumption update procedure is given as follow:
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6.   LTE MeNB initiate a RRC procedure to add/release the LTE frequency band.

7.   LTE MeNB inform the NR S-gNB the addition/release of LTE frequency band by X2new signalling.

6a.  NR S-gNB initiate a RRC procedure to add/release the NR frequency band.

7a.  NR S-gNB inform the LTE MeNB the addition/release of NR frequency band by X2new signalling.
Considering the delay of capability consumption update in X2new interface, some kind of “capability collision” may occur on UE side. However, since the delay of capability consumption update is very short, we think the “capability collision” can be considered as corner case, and the RRC reconfiguration failure can be introduced to inform NW the happen of “capability collision”.

4.6.2 Comments

	
	General comments
	Positives of this solution
	Negatives of this solution

	QC
	· 
	· Each RAT NB doesn’t need to fully comprehend the other RAT’s capability information but partially comprehend the capability information.
	· Independent evolution of LTE and NR is not possible. For every capability added to NR that affects the combination with LTE, the LTE Specification needs to be updated, and vice-versa. 
· Different deployment scenarios require completely different messages and procedures.

	Nokia
	· 
	· Gains similar to 4.4.2 and 4.5.2

· Allows very flexible RRM
	· Slightly higher coordination requirement on Xn interface compared to section 4.2.2.

· Requires additional effort to identify resource consumption laws across both the RAT’s, which may be very difficult.
· Solution might not have enough scalability with new NR features.

	Intel
	· The fundamental difference between 4.4.2 is not clear.  The configuration seems to be expressed as “consumed” capability and done over X2-AP
	· The interaction between RAT NBs is limited to common capability allowing independent evolution of the RATs.
	· Use of X2-AP implies RAN3 needs to be involved in radio parameters and RAN2 and RAN3 will need to coordinate and keep specifications aligned.

	LG
	· 
	· Each RAT doesn’t need to comprehend the other RAT’s capability information.
	· UE should performs different capability signaling procedure depending on deployment scenario.

	CATT
	Steps 6/7 and 6a/7a are used to inform the other NB of e.g. addition/release of frequency band.  When are these steps of informing the other node of the current node use of frequency band performed with respect to the UE RRC connection configuration? As shown in the figure, the UE configuration is performed prior to informing the other network node of the change? Would every change of UE configuration relating to UE capability required to be informed to the other node? As each node could configure the UE for it’s common capability and possibility of UE capability collision, what is the purpose of parameter negotiation in step 3 and how it’s going to be used?
· 
	· Each RAT doesn’t need to comprehend other RAT UE configuration. 

· Allows flexible RRM.

· 
	· The capability consumption update is provided over x2 after every UE radio reconfiguration. This  increases Xn signaling.

· May need additional solution to avoid/ handle capability collision at the UE

	Samsung
	We understand this to be only part of the solution i.e. related to how to detect from UE capabilities the dependencies. I.e. it still requires additional elements
	· Common capabilities could avoid duplication (i.e. when dependencies would be included in capabilities of each involved RAT) or comprehension of capabilities of non-native RAT (i.e. when dependencies would only be indicated in UE capabilities one of the RATs)
	· It is unclear how such multi-RAT information would be specified e.g. a separate specification?

	Ericsson
	More information is needed on this solution.
	· 
	· 

	ITRI
	Not sure if we understand this solution correctly. It seems to be the MNode guaranteeing the configuration complying with UE capability. 

Step 7a informs MNode after sending new DC configuration (Step 6a) to a UE. Would that bring up confliction in UE capability?
	· Similar to 4.4.1.
	· Similar to 4.4.1.

	DOCOMO
	The difference between solutions 4.4, 4.6 is not clear.

Is it only how the signaling is performed for inter-node negotiation?
	· 
	· 


Rapporteur summary: 
	
	General comments
	Positives of this solution
	Negatives of this solution

	Rapporteur
	Companies requested more information to study further.
	· Each RAT doesn’t need to comprehend other RAT UE configuration.
	· No converged view but some negatives were raised.


4.7 Conflicts indicated in UE capabilities, throughput based negotiation across Xn

4.7.1 Description

In our paper in R2-165044 [10] we identify two parts: a) detection of configuration dependencies/ conflicts and b) conflict resolution/ negotiation
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Fig. 4.3.6-1: Detection of UE capability dependencies/ conflicts
Each node detects dependencies based on their own capabilities. I.e. the LTE capabilities include information about 5G i.e. for each LTE bands or band combinations, there is a list of 5G band (or band combinations) that cannot be supported simultaneously (i.e. if the concerned 5G band or band combination would be configured, the concerned LTE band or band combination cannot be supported anymore). The 5G capabilities include the similar information about conflicting LTE bands (and/ or band combinations)


[image: image9.emf]LTE MN 5G SN

1: SN Modification Required

>SCG configurations requested to add

>Achievable criterion

2: SN Modification Confirm

>Minimal criterion

MN initiated SCG/SN modification


Fig. 4.3.6-2: Example of UE capability dependencies/ conflicts resolution for SN initiated modification
In case there are configuration dependencies and there is a need to select between different configuration options (e.g. whether to extend aggregation on LTE or on NR side), the MN decides (as in LTE DC). As the MN should not have be aware of NR particulars/ characteristics, we think the negotiation would be based on achievable throughput. I.e. The MN requests SN to configure aggregation on NR side while it can ensure a certain achievable throughput.
4.7.2 Comments

	
	General comments
	Positives of this solution
	Negatives of this solution

	QC
	· 
	· Each RAT NB doesn’t need to fully comprehend the ASN.1 given by the other RAT’s NB and the other RAT’s capability information so the RATs’ NBs are slightly more independent than solution in section 4.3.
	· Independent evolution of LTE and NR is not possible. For every capability added to NR that affects the combination with LTE, the LTE Specification needs to be updated, and vice-versa. 
· Different deployment scenarios require completely different messages and procedures.

	Nokia
	· 
	· Similar benefits as section 4.2.2, allows more exhaustive combinations rather than limited number of sets.

· Limited coordination between MN and SN (MN or SN could negotiate which capability set to use).

· Allows more flexible RRM.
	· Slightly higher coordination requirement on Xn interface compared to section 4.2.2.

· Reporting of conflicting capabilities needs further study (especially would like to avoid LTE RRC specification impacts).

	Intel
	· If we understand correctly, this proposal is going into a different aspect of the discussion – on the nature of coordination between MCG and SCG needed to achieve the throughput.  This is done using configuration coordination between MCG and SCG based on achievable throughput rather than actually passing the configuration itself.  It is not clear how the achievable throughput based negotiation can ensure valid configurations.
	· 
	· 

	LG
	· 
	· Each RAT doesn’t need to comprehend the other RAT’s capability information.
	· UE should performs different capability signaling procedure depending on deployment scenario.

	CATT
	· We understand this is slightly different from the discussion on different solutions for capability coordination. This is more on basis/criteria of the capability negotiation. The proposed method is the UE throughput based negotiation. Which we think could be applied to many of network based parameter coordination solutions.
	· 
	· 

	Ericsson
	· More information is needed on this solution.
	· 
	· 

	DOCOMO
	Further clarification question:
1. Isn’t that the criterion should be conveyed from MN to SN from step 3?
2. To assist choosing configuration e.g., between configuring a cell within MCG or on SCG side, is specifying/signaling several criteria other than t-put is foreseen?
	· 
	· 


Some responses to comments provided by Samsung:
· It is not true that every capability added in NR will require changes to the LTE capability changes. In fact we assume that in the LTE capabilities the following NR information will be included

· A list of conflicting NR bands and a list of conflicting NB BCs

· For each supported LTE band and for each supported LTE for which there are conflicts, there will just be one or two bit strings (referring to the conflicting NR bands/ BCs)

· We do not understand why the solution would not be able to address different deployment scenario’s (or would require different messages)

· It seems there is some confusion about the throughput based selection. It is important to note that the first the nodes detect configuration restrictions based on their native UE capabilities. Based on this, the network may determine that it has to choose between alternative configurations e.g. between configuring a cell within MCG or on SCG side (as UE does not support both at the same time). This is alike choosing between the sets as proposed by QC. The question is whether the MN could decide this based on some network implementation. We think this may be difficult as it requires some understanding of the other RAT’s configuration. In order to have more independence between the nodes, we assume it would be preferable for the nodes to exchange a simple parameter to assist the selection between the alternative configuration options. So, this solution does not require comprehension of the other RAT configuration (nor of the other RAT capabilities).
Rapporteur summary: 
	
	General comments
	Positives of this solution
	Negatives of this solution

	Rapporteur
	Companies requested more information to study further.
	· Each RAT doesn’t need to fully comprehend other RAT UE configuration/capability.
	· No converged view but some negatives were raised.


4.8 Other solutions

4.8.1 Solution 1

4.8.1.1 Description
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1. LTE eNB enquires the UE capability. 
2. UE informs LTE eNB of LTE full capability. (Some LTE capability is shared with NR, e.g. buffer size.)

3. NR eNB enquires the UE capability.
4. UE informs NR gNB of NR full capability. (Some NR capability is shared with LTE, e.g. buffer size.)

5. LTE eNB and NR gNB negotiate utilization of UE capability for shared capabilities.

6. LTE eNB configures UE according to the outcome of the coordination given by the step 5.

7. Whenever available shared capability is changed, the capability negotiation may be needed. This step will be omitted if it isn’t necessary. The details of negotiation between LTE and NR are RAN 3 scope.
8. NR gNB configures UE according to the outcome of the coordination given by the step 7.
4.8.1.2 Comments

	
	Positives of this solution
	Negatives of this solution

	LG
	· Each RAT doesn’t need to comprehend the other RAT’s capability information.
· Common capability signaling procedure regardless of deployment scenario.
	· X2 siganlling for capability coordination should be defined for each RAT.

	Company 2
	· 
	· 


Rapporteur summary: 
	
	General comments
	Positives of this solution
	Negatives of this solution

	Rapporteur
	No comment was provided by companies other than the proponent.
	· No comment from the other companies
	· No comment from the other companies.


5 Observations on the solution proposals
Basically the solution proposals can be categorized into two main categories:
1. UE based coordination

· 4.1 No LTE/NR UE capability coordination across RATs
2. NW based coordination

· 4.2 UE capability sets based coordination
· 4.3 ASN.1 (the other RAT’s RRC/IEs) based coordination
· 4.4 Coordination container/Common across RATs configuration based coordination
· 4.5 Semi-static capability split at NW based coordination
· 4.6 Common capability across RATs based coordination
· 4.7 Conflicts indicated in UE capabilities, throughput based negotiation across Xn
At least the following aspects should be discussed:
Aspect 1. (step 2) the description of what/how the UE Capability is reported from the UE 

· e.g., 4.7 assume LTE capabilities include information about 5G info (similar with LTE today?)

Aspect 2. (step 3) how the coordination wrt. UE Capability is performed between MN and SN

· e.g.., 4.4, 4.5 and 4.6 look very similar ("coordination container", "semi-static capability", "common capability" are not clear enough and need more description) while 4.7 assume that explicit UE Capability Coordination is not needed because their assumption of Aspect 1 and Aspect 3
Aspect 3. how the coordination wrt. UE radio configuration (during e.g., SN addition, SN modification) is performed between MN and SN, including clarification whether the assumption MN/SN can understand each other configuration or not. (addressing the above FFS from last meeting)
· e.g., 4.7 assume that MN/SN can not understand each other's configuration, hence the request of SN addition/Modification is based on achievable throughput?
Companies are invited to provide their view on each aspect:

	Company
	Comments

	QC
	A1: For solution 4.1, UE would signal RAT specific UE capability information to the corresponding NB (per RAT independent UE capability signaling).
For solutions 4.2, 4.3, 4.4, 4.5, 4.6 and 4.7, UE would signal overall UE capability information to master NB and the master NB somehow delivers the other RAT’s capability information.
A2: For solution 4.1, RAN nodes won’t coordinate anything apart from DRB/flow configuration and security configuration but UE coordinates the capability split across the RATs. 
For solution 4.2, RAN nodes coordinate the configuration not to exceed the UE capability without comprehending the other RAT’s capability/configuration but by using abstracted information. 
For solutions 4.3-4.6, one RAN node partially comprehends the other RAT’s information (either configuration or capability) for the coordination. 
For solution 4.7, it’s still unclear how to coordinate the configuration. Whether we can coordinate the configuration based on the achievable throughput or not is highly dependent on the discussion in section 3.4.
A3: For solution 4.1, UE notifies the change of UE capability to the other RAT when one RAT’s connection is reconfiguration (e.g. CC is added or removed from one RAT).
For solutions 4.2-4.7, the master and secondary nodes should re-negotiate the configuration of each connection whenever a reconfiguration impacting the capability split across the RAT takes place at one connection.

	Nokia
	· Aspect 1: Broadly speaking the LTE capabilities will need extensions for NR measurements as well as indicating tight interworking capabilities.

· Aspect 2: In our understanding the common underlying intention between 4.4, 4.5 and 4.6 is to enable MN and SN configuration container independence. The configuration independence is easily achievable once the UE capabilities are reported in such a manner that RAT x does not have to peek into the capabilities of RAT y to arrive at their own configurations. We have the understanding that the solution in 4.7 is aligned to this intention.

· Aspect 3: We think that MN/SN may trigger configuration modifications based on many criteria (not just limited based o achievable throughput). The principles of how the final configuration are arrived at have the same steps as the initial SN configuration.

	Intel
	A1: We believe the UE capability should have a RAN specific component that can be provided independently to each RAT and the other RAT does not need to understand it.   And a common component for the shared capability that is provided to both RATs.  Each can be independently extended.

A2: Once the independent and shared capability is known at the different NBs, the capability coordination is performed by configuration coordination as per A3 below.  

A3: Similar to capability, the configuration also has independent parts and common parts.  The common part is shared between the two RATs and checked that the configuration is valid.  We believe that this part is only a small component and can provide a fully standardized solution allowing independent evolution of the two RATs.

	LG
	No matter which solution we decide, failure rate of capability coordination between LTE and NR will be increased compered with LTE because master and secondary NB cannot comprehend each other completely. So we think enhanced error handling for coordination failure should be studied.

	Samsung
	A.1: Besides the regular inter RAT information (e.g. for mobility measurements), we assume LTE capabilities include information about NR restrictions. E.g. that the UE cannot support an LTE supported band when an NR band is configured. Note that we assume most capabilities are independent (hence it is preferable to only indicate restrictions)

A.2: In case there is a need to select between alternative configurations e.g. between configuring a cell within MCG or on SCG side (as UE does not support both at the same time), there is some negotiation. In order to avoid that LTE MN requires some understanding of the other RAT configuration, we think it would be preferable for the nodes to exchange a simple (throughput related) parameter to assist the selection between the alternative configuration options.

A.3: This seems to relate to the further (signaling) details of how within a modification request the SN indicates a configuration that requires negotiation, how MN indicates a configuration restriction to SN. We assume this can be done by pointing to an element within the UE capabilities (i.e. alike for the sets).

	Ericsson
	A1: We think this step should contain the UE reporting full LTE and NR capability to the MeNB. Full information of the UE capabilities is need 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. 

A2: As explained in 3.5, we think the coordination could be based on eNBs understanding each others ASN.1, but we are open to discuss also other solutions.

A3: Similar approach as A2.


Rapporteur summary:

Aspect 1. (step 2) the description of what/how the UE Capability is reported from the UE 

· 3 companies said UE should provide LTE and NR capabilities to the master node but each company proposed different level of NR information (NR measurement cap, NR restrictions or full NR cap). 

· 2 companies said capability information should be independent per RAT.


Aspect 2. (step 3) how the coordination wrt. UE Capability is performed between MN and SN

· 4 companies said the coordination should be done with simplified information (such as capability, common information) instead of the full configuration information across the RATs. 
· 1 company said it could be done via comprehending the other RAT’s configuration but are open to study the other solution.
Aspect 3. how the coordination wrt. UE radio configuration (during e.g., SN addition, SN modification) is performed between MN and SN, including clarification whether the assumption MN/SN can understand each other configuration or not. (addressing the above FFS from last meeting)
· 3 companies said it could be the same as the one for initial secondary node addition but via different coordination proposals (full configuration, common configuration or UE capability).
In conclusion, the rapporteur doesn’t see any convergence on aspects 1-3. RAN2 should discuss them further.
6 Conclusion
According to the outcome of the email discussion, the rapporteur proposes:
Proposal 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.
Proposal 2: RAN2 should discuss whether to take into account the standalone NR gNB operation in the UE capability reporting study for the coordination of capabilities.

Proposal 3: Study UE capability update without detach/attach for NR
FFS:

1. How often can UE update the capability information?

2. Which capabilities can be updated?

3. What event triggers the UE capability update (e.g. NW control)?

4. How can the network respect the UE capability while UE updates the capability over time?

Proposal 4: The NR capability reporting should be common across LTE/NR tight interworking cases (LTE eNB, NR gNB or eLTE eNB as a master node) and the standalone NR gNB case.
FFS:

· For LTE+NR interworking capability signaling,

· How much does a given RAT need to know about the other RAT capabilities?

· How can we ensure compatibility across different releases of each RAT (e.g. tight interworking for LTE release 15 and NR release 16 operation, so the overall tight interworking solution is scalable with respect to future releases)

· How do we avoid bloating the capability container size?

· Applicability of the common UE capability signaling to intra-NR and inter-RAT HO scenarios.

Proposal 5: RF carrier/band combinations across RATs should be coordinated across the master and the secondary nodes.

Proposal 6: Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.

Proposal 7: LTE (respectively NR) master node should not be required to understand NR (respectively) configuration of the UE.
Regarding the solution proposals contributed in the last RAN2 meeting, the rapporteur doesn’t see any convergence on any specific solution so doesn’t propose agreeing on any specific solution based on this email discussion.
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