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1 Introduction

At the 3GPP TSG RAN #71 meeting, the Study Item description on “New Radio Access Technology” was approved [1]. RAN aims at addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].

The TR clause 8 defines the following requirements for aggregation scenarios;

-
The RAN architecture shall support tight interworking between the new RAT and LTE.

-
Considering high performing inter-RAT mobility and aggregation of data flows via at least dual connectivity between LTE and new RAT. This shall be supported for both collocated and non-collocated site deployments.
In addition, the email discussion [4] resulted in the following agreements: 

Agreements:

1:
The following scenarios in terms of cell layout, Node B location for LTE-NR aggregation are captured in the TR.

1.1).
LTE and NR "cells" are overlaid and co-located providing nearly the same coverage; both are macro or small cells.

1.2).
LTE and NR cells are overlaid, and co-located or not co-located providing different coverage; one is a macro cell and the other is a small cell.

2:
The following scenarios in terms of CN connection for LTE-NR aggregation are captured in the TR.

2.1).
NR tightly integrated in LTE via EPC (U-plane data is split at CN or RAN).

2.2).
LTE tightly integrated in NR via New CN (U-plane data is split at CN or RAN).

2.3).
NR tightly integrated in LTE via New CN (U-plane data is split at CN or RAN). 

Note: To be confirmed at joint meeting whether any concern studying case where NR connects to EPC via UP

3:

The following scenarios in terms of cell layout for standalone NR are captured into the TR.

3.1).
Macro cell only deployment

3.2).
Heterogeneous deployment

3.3).
Small cell only deployment

Proposal 4:
The following scenarios in terms of CN connection for single RAT and inter-RAT standalone operation are captured in the TR.

For single RAT operation:

4.1).
NR Node B is connected to New CN.

4.2).
LTE eNB is connected to NR Node B New CN (or EPC as today).

For inter-RAT mobility:

4.3).
LTE eNB is connected to EPC and NR Node B is connected to New CN.

4.4).
Both LTE eNB and NR Node B are connected to New CN.

Furthermore, RAN2#94 also agreed on this additional scenario:

Agreements

1: 
Scenario: WLAN integration with NR

This contribution discusses the implications of the above interworking scenarios of NR with LTE/WLAN, with regard to the UE capabilities and the resulting correlation of the RRC ASN.1 and procedures. 
2 Capability challenges today

In today’s UMTS and LTE network deployments, the UE capabilities sizes have been a recurring problem, despite much discussions in 3GPP.
For 3G, the UE capabilities are sent at every RRC connection. This scheme indirectly offered the UE some flexibility in terms of being able to change its capabilities with time, however, it consumed system resources. This scheme worked well initially when the UE capabilities size was small. Then, the UMTS capability started expanding, and subsequently carried the LTE capabilities, including all the band combinations for carrier aggregation. That’s when call setups started to fail, especially in bad radio conditions, as the transmission of these capabilities was taking so long that the network sometimes releases the RRC connection.
For LTE, 3GPP decided for a number of reasons not to send the UE capabilities with every RRC connection. Instead, the network saves the UE capabilities and move them around following the UE mobility, avoiding the repeated transmissions over the air. This scheme also works when the UE moves from UMTS to LTE, so the UE was supposed to send all its capabilities while in UMTS. However, even this scheme failed in two areas. The capability size expanded to the points where some older implementations couldn’t handle it and dropped it half way, creating network attachment problems. The network-only initiated query left the UE with a rigid set of signaled capabilities.
3 NR foreseen challenges

Going into NR, we foresee the following problem areas with regard to the UE capabilities, if we inherit the LTE design and add to it the upcoming NR features:

1. A continued increase in the size of the UE capabilities (inherited from LTE)
2. Increased inter-RAT dependency

3. Inefficient hardware designs
4. The inability of the UE to adapt its capabilities over time (inherited from LTE)

3.1 Continued increase in the number of supported combinations 

3GPP addressed the limited number of band combinations in the Rel-10 ASN.1, by introducing the following Rel-11/13 features:

· Adding a new container of band combinations

· Allowing the network to provide a list of bands used in this network

· Allowing the network to advertise the maximum number of carriers that are combined in this network

· Allowing the UE to skip intermediate band combinations

With an increased integration of air interfaces, future UEs will support more LTE band combinations, then NR + LTE band combinations and NR + WLAN band combinations. Additionally, features such as MIMO, NAICS, Dual Connectivity, uplink carrier aggregation, number of CSI processes, etc., the number of combinations keeps on growing. Combining different air interface carrier combinations will also create more combinations, and the size of the capabilities that a UE needs to communicate will keep increasing in combinatory manner.

This problem could be alleviated by the techniques introduced in Rel-11 and Rel-13 of LTE as described above. 

Proposal 1: NR shall support:
· the network’s ability to enquire for specific bands to be included in the UE capabilities, 
· the network’s support of understanding skipped fall back combinations, and 
· the network’s ability to advertise the maximum number of carriers/bandwidwth supported in this network on both the uplink and downlink

3.2 Inter-RAT dependency

If we inherit the LTE framework, we would have to UE report all-RAT capabilities to each RAT, allowing the network to configure the UE appropriately for all RATs. NBs may have (semi-)static partitions between RATs or dynamically coordinate the configuration for the UE capability.

NR deployment may take one or more formats:

· LTE as a master of dual connectivity between LTE and NR 

· NR as a master of dual connectivity between LTE and NR,

· NR as a master of dual connectivity between WLAN and NR,

· NR standalone, 

· And/or maybe other unforeseen deployments.
If we expand LTE’s dual connectivity framework:

· The UE would be able to signal, for every LTE band and band combination, which NR and/or which Wifi bands, bandwidth classes, bandwidths, etc, that can be configured simultaneously. There will be more than one possibility for every LTE band combination. Starting without any carrier aggregation on LTE, and excluding RF restrictions, there maybe a larger set of bands of Wifi and NR that can be activated in parallel. That set will decrease with 2xCA, then 3xCA, etc. 
· Viceversa, we will have to define in the NR capabilities, which LTE bands and band combinations, TMs, Timing Advance, simultaneousRx-Tx, LTE DC, NAICS, supportedCSI-Proc, MIMO, CA-BandwidthClass, etc can be aggregated with every NR band (and eventually bandwidth or band combination, or other NR enhancements).
· Then, we may have to define in coordination with the IEEE forum, which WLAN bands can be associated with LTE and NR.

· The UE LTE capabilities will have to be changed with every introduction of an NR band and band combination introduction. Sometimes the ASN.1 will have to be updated. 

· The UE NR capabilities will have to be changed with every introduction of an LTE band and band combination introduction. Sometimes the ASN.1 will have to be updated too.

· The LTE-NR backhaul will need to be updated frequently.

In summary, a copy/paste design from LTE is not scalable. And, it couples updates of LTE and NR for the foreseeable future. 

Observation 1: The management of UE capabilities whether in LTE, NR and potentially in WLAN is set to become a big problem if we copy the LTE model.
There is an alternative with different simple/complex aspects that is scalable and future proof. 

Proposal 2: The UE shall report a capability per RAT. 
Proposal 3: The UE shall not report its NR capabilities to the LTE network, nor report its LTE capabilities to the NR network.

Proposal 4: The UE shall be able to report its NR measurement capabilities to the LTE network, and shall be able to report its LTE measurement capabilities to the NR network.
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3.3 Inefficient hardware designs 

Small cells, whether in the form of WLAN or pico cells, are popular because of their ability to offload data from the operator’s network. Offloading is about the network’s ability to diverge all or most of the UE’s traffic to an alternative network.

Today, the bulk of the user’s traffic is usually taking one of the following routes: HSPA, LTE or WLAN. Extending this to NR, in the future, the traffic will either be on NR, WLAN or LTE.
Even though we can and we have built dedicated hardware for each technology, 3GPP should open the door to better resource sharing between RATs, for example between NR and LTE. The UE should be able to avoid reserving resources per RAT to minimize the cost of unused hardware.
Observation 2: Offloading traffic requires full capabilities on the selected system, whether a WWAN or WLAN. 
So, depending on how the traffic is directed by the network, the resource allocation in the UE shall follow. To enable that:

Proposal 5: The UE capabilities shall be subdivided in sets per RAT. 
Proposal 6: Once 2 RATs agree on a set, then, each RAT is free to chose any capability within that set.

Proposal 7: If there is no coordination between RATs, then, the UE shall be able to inform the network of the set being used by the other RATs, or alternatively, the UE shall be able to re-negotiate its capabilities dynamically.

3.4 Need for the UE to update its UE capabilities

In the past few years, this problem has been considered a non-issue in RAN2, as delegates have long postulated that “the UE shall be able to support all its advertised capabilities all the time in any combination”. 
On the surface, this statement or proposition could be regarded as self-evidently true; an axiom of some sort, governing RAN2 decisions in the past years! 
For network vendors, this postulate simplifies the network implementation, as it minimizes the “market fragmentation”, i.e. number of UE “flavours” the network has to manage at any time. For operators, it also simplifies the roadmap and deployments, and may be seen as a way to mandate quality and concurrency of features.

The postulate worked for UMTS mainly because the UEs were not yet a mini-computer. For LTE, it has a resemblance of working (note that in LTE, the UTRA/GERAN capabilities can be updated by not the LTE ones). The reality is that the lack of standard flexibility places unneeded burden on the UE implementation, and it is only getting worse with time:
· UEs may act as WLAN Access Points, and may need to repartition hardware resources to do so.

· The UEs are packing more and more complexity and features which could interfere with the 3GPP features:

· WLAN networks can pump very high throughput that may be locally generated and mirrored to an external screen.
· VR and high definition recording can consume the UE’s CPU/GPU/Buses for extended periods of time.

· Understandably, end users and operators want to pay the least amount of money for the maximum features. UE vendors and OEMs end up making engineering designs that may prevent some of the full concurrencies:
· The UE ends up having to under-report capabilities, because it can’t support some WWAN concurrencies that may not never be configured together.
· The UE may associate with WLAN APs of different capabilities for extended periods of time. There is a large number of legacy WLAN deployments that support older WLAN standards. The UE may share resources between WWAN and WLAN, and as a result, what’s available to WWAN could be increased for an extended period of time when the WLAN load is smaller. In the extreme case, the UE may not be even associated with a WLAN AP, and some resources can be fully dedicated to WWAN.
Observation 3: In future implementations, UE cost can be reduced by sharing resources between different air interfaces. Local UE conditions and considerations, unknown to the network, result in the UE needing to update its UE capabilities occasionally. 
The UE capability updates need not be as frequent as in 3G (every RRC connection).
Proposal 8: The UE shall be able to initiate a NR capabilities update. The rate of updates can be limited in the standard.
Proposal 9: The UE shall be able to initiate an LTE capabilities update. The rate of updates can be limited in the standard.
4 Conclusions

Based on the summary of NR scenarios and principles provided above, RAN2 should discuss the following proposals:
Proposal 1: NR shall support:
· the network’s ability to enquire for specific bands to be included in the UE capabilities, 

· the network’s support of understanding skipped fall back combinations, and 

· the network’s ability to advertise the maximum number of carriers/bandwidwth supported in this network on both the uplink and downlink

Proposal 2: The UE shall report a capability per RAT. 
Proposal 3: The UE shall not report its NR capabilities to the LTE network, nor report its LTE capabilities to the NR network.
Proposal 4: The UE shall be able to report its NR measurement capabilities to the LTE network, and shall be able to report its LTE measurement capabilities to the NR network.
Proposal 5: The UE capabilities shall be subdivided in sets per RAT. 

Proposal 6: Once 2 RATs agree on a set, then, each RAT is free to chose any capability within that set.

Proposal 7: If there is no coordination between RATs, then, the UE shall be able to inform the network of the set being used by the other RATs, or alternatively, the UE shall be able to re-negotiate its capabilities dynamically.

Proposal 8: The UE shall be able to initiate a NR capabilities update. The rate of updates can be limited in the standard.
Proposal 9: The UE shall be able to initiate an LTE capabilities update. The rate of updates can be limited in the standard.
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