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Discussion and Decision
1      Introduction
In RAN2 #95bis meeting, UE capability topic was discussed as a context of LTE-NR interworking. Although there is some overlapping, we would like to study general UE capability signaling framework that can be supported in both interworking and standalone. 
2      Motivation

In LTE, the UE provides UE radio access capability information only when the eNB sends UECapabilityEnquiry. After RRC connection is established, the eNB may request UE capability information if MME does not store UE capability information or needs additional UE capability information (e.g. other RAT).

In RRC specification, if the UE has changed its E-UTRAN radio access capabilities, the UE shall request higher layers to initiate the necessary NAS procedures that would result in the update of UE radio access capabilities to be used in the next RRC connection. However, according to TS23.401, any change in the UE's E‑UTRAN capabilities requires the UE to detach and then re-attach to the system. The UE capability update via Tracking Area Update is supported for change of GERAN capabilities only. It means that the change of UE capabilities is not practically possible especially during continuous RRC connection (i.e. without detach and re-attach) and hence degradation of the user experience. Even in idle mode, frequent UE capabilities update would not be possible because it requires detach and re-attach procedure. 

Observation 1: in LTE, change of LTE UE radio access capabilities is supported by detach and re-attached procedure only. 

In the past, there were some discussion that are related to the update of UE capabilities. 

· Multi-profile UE capabilities [1]: it proposed multi-profiles of UE capabilities and mechanism that the UE indicates the profile to use, but the proposal was not agreed. It is to consider more optimized co-current operation of multiple features based on UE RF/based band capabilities and NW supported features. For example, CA, MIMO and CoMP support are jointly considered due to the limitation of baseband capability as well as RF capability. LTE UE capability becomes quite long and one of reasons is to indicate supportable combinations for such features per band combination. 

· LTE and WLAN sharing in LAA [2, 3]: there was a strong demand to ensure co-existence between LTE and WLAN i.e LAA and WLAN can share the same hardware. In this case, LAA operation cannot be supported if WLAN is operated although the UE indicates LAA support in UE capability signaling. Since UE capability change is not possible when the UE remains attach, IDC mechanism is the only standardized solution but IDC feature should be implemented by both eNB and UE.    
· WLAN address and supported WLAN band change [4]: MAC address and WLAN supported band can be changed. But, there was no way to indicate the change of MAC address and WLAN supported bands in the current mechanism except the UE performing detach and re-attach procedure.    

Observation 2: in LTE, several issues were observed due to the fact that the UE capability change is not allowed when the UE remains attach.   
3      Discussion for NR capability signaling

Before discussing NR capability signalling, we compared some existing UE capability signalling mechanisms and proposed solutions in Table 1. Details can be found in Annex. 
Table 1: comparison of UE capability signaling options.
	
	Option 1 (LTE)
	Option 2 (UMTS)
	Option 3 (semi-static/dynamic capability [5])

	Triggering
	eNB or UE 

UE triggering is based on detach/attach only
	RNC or UE
UE triggering is for UE capability introduced after Rel-6
	eNB or UE
UE triggering is for dynamic capability

	Change in connected
	No
	Yes for UE capability introduced after Rel-6
	Yes for dynamic capability 

	Storage of UE capability information 
	MME
	RAN
	MME but no need to store dynamic capability in MME

	eNB confirmation upon change
	No need
	RNC may reject
	Not mentioned


Triggering:

The eNB or UE can initiate UE capability signaling. Considering the network may or may not need UE capability reporting if it is stored in CN, it is reasonable to keep eNB initiated UE capability signaling as baseline. 

Proposal 1: The UE reports UE capability signaling if the network requests.    

As in LTE option, if triggering is done by eNB only, there is no way for the UE to indicate the change of UE capability upon the change of UE capability. For NR, the need of change in UE capability signaling framework is more expected. First, different from Rel-8 LTE, advanced features (e.g. CA, MIMO and CoMP) will be supported as a basic functionality. Second, more flexible capability sharing among multiple RATs will be more required considering tight inter-working operation between LTE and NR as well as NR and WLAN. Therefore, it is worthwhile to study how the UE can indicate such flexible UE capabilities to the eNB. 

One option would be to allow NR UE to perform “Tracking Area Update” for "UE radio capability update" assuming Tracking area update is supported in NR. If “UE radio capability update” is included in Tracking Area Update signaling, this makes MME delete any UE Radio Capability information that it has stored, which will ultimately trigger the E‑UTRAN to request the UE Radio Capability from the UE and to upload it to the MME in the S1 interface. It would be a small change on top of the LTE UE capability signaling mechanism. However, it may not be so optimal solution because it still does not allow UE to change UE capabilities while the UE is connected to the eNB i.e. after RRC connection established because MME will not notify eNB that the UE capability information is removed. It can be known to eNB only when the next RRC connection establishment is initiated  

Considering the limitation of LTE signaling discussed in Section 2 and the problem of Tracking Area update based UE capability signaling change, NR capability signaling should consider UMTS option i.e. allowing UE triggering of capability change in connected mode. 
Proposal 2:  For certain UE capabilities, the UE is allowed to report the update of UE capabilities during connection setup or during the connect mode. It is FFS which capabilities can be updated. 
Storage of UE capability information:
In LTE, UE capability information is stored in MME and MME provides UE capability information to the eNB when the UE goes to connected mode. It can reduce signaling overhead over Uu by skipping UE capability reporting whenever the UE goes to the connected mode. 

Similarly, if CP function in NG Core stores the NR radio access capability information, the gNB requested UE capability (i.e. UECapabilityEnquiry) signaling can be reused as a baseline in order to avoid signaling overhead which may cause additional delay in connection establishment. 

Observation 3: Storing UE capability information in core network is beneficial in reducing signaling overhead/delay during initial setup for NR.  

However, RAN2 discussed how to handle UE capability container if the size of UE capability exceed MME storage limit (512 octets) [6] because the UE capability signaling size is dramatically increased more than 512 octets after band combination signaling is needed with CA. Actually, there was no clear solution except relying on NW-requested CA band combination signaling which enable UE to report only subset of band combination signaling because the truncation of UE capability container causes problem especially in the legacy eNB. Therefore, MME storage limitation per UE has to be extended. In NR, although MME (NG Core) storage can be extended to accommodate the larger UE capability signaling size, it is still worthwhile to consider whether it is really necessary to store all UE capabilities in core network. 

Observation 4: Storing large amount of UE capability information in core network may cause the storage limitation issue. 
In order to maintain CN memory requirement at a reasonable level, we should limit UE capabilities that can be stored. The high level approach will be to define two types of UE capabilities. As proposed in [5], one possible way is to distinguish semi-static capabilities and dynamic-capabilities. Alternatively, we can define minimum capabilities and advanced capabilities, and the minimum capabilities only are stored in CN.  
Proposal 3: The subset of UE capabilities is stored in CN. The definition of the subset is FFS.   

gNB confirmation upon change:
If UE initiated capability change is allowed, we may also consider how gNB implementation would handle the update of UE capability information. As described in UMTS option, RNC can reject the change of UE capability by sending reject or without confirmation if an on-going service cannot be continued with the updated capabilities.
One aspects to consider is that if the eNB rejects UE capability reporting, there is no gain to introduce UE capability change initiated by the UE. There may be some remedy to resolve this situation with standardized manner. For example, similar to UMTS, the gNB should not reject unless the new capability information would interrupt an on-going service/configuration i.e. requiring reconfiguration. Alternatively, similar to option 2/3, we can define two different sets e.g. semi-static and dynamic capabilities. Dynamic capability can be changed by the UE without gNB rejection. This approach would be clean and effective way to increase the gain of UE initiated capability change.   

Proposal 4: The gNB should respect UE capability changes initiated by the UE. How to specify the gNB requirement is FFS.   

4      Discussion for NR capability signaling size reduction

Although it is not clear how many optional capabilities will be introduced and how many CA band combinations will be required, it is expected that a similar or even larger amount of capabilities will be needed in order to provide flexible implementation and efficient support of diverse services/use cases.

Observation 5: NR capability signaling size reduction should be considered in NR considering similar or large amount of capabilities than LTE is expected.  

In LTE Rel-8, the UE reports all supported UE capabilities upon eNB UE capability inquiry. However, in the later release, several schemes are supported to reduce UE capability signaling overhead as many CA band combinations are supported which increase UE capability signaling size dramatically. 

The first scheme is NW requested CA band combination signaling where the eNB signals “Requested E-UTRA Frequency Band list” and the UE indicates band combinations only consisting of bands indicated in “Requested E-UTRA Frequency Band list. 

In Rel-13, the following features in band combination signaling have been introduced to further reduce the size of UE capability signaling.     

· Limitation of max number of CCs: the UE reports band combinations for which the number of CCs up to the value indicated by the NW (requestedMaxCCsDL/ requestedMaxCCsUL). 
·  Exclude intra-band non-contiguous CA band combination: the UE excludes an intra-band non-contiguous CA combination can be declared as supported by the other intra-band non-contiguous CA combination already included.

· Skip fallback band combination: the UE can skip lower band combination and indicate only the superset of band combinations.  
Basically, the UE reports the subset of UE capability information based on the eNB assistance information e.g. requested frequency bands, number of CCs, the support of skip fallback. It is reasonable because the network doesn’t need to know UE capabilities if the network is not interested. This basic concept using eNB assistance information can be applied in NR to reduce UE capability signaling size.

Proposal 5: The gNB provides assistance information for the UE to report UE capabilities relevant to the features supported by the RAN.
However, the exact assistance information should be studied further as there have been proposals claiming that the current LTE reduction mechanisms are not enough. For example, although the requested frequency bands are considered useful, the signaling reduction gain would be reduced if there are many frequency bands that the network is interested because this results in many CA band combinations associated with the frequency bands. Although it is further reduced by using max number of CCs or skip fallback mechanism, the gain would be reduced if the network wants to use higher order CA or advanced capabilities in the lower CA band combination. Alternatively, in this case, if the eNB requests specific band combinations that the network is interested in, the signaling reduction gain will be further improved.
In addition, RAN2 needs to understand the detailed capability information (i.e. what capabilities will be used and how they can be defined) RAN1/RAN4. 
Proposal 6: The detailed assistance information is FFS based on RAN1/RAN4 inputs on NR UE capabilities information.   
5      Conclusion
In this contribution, we discussed UE capability signaling especially the limitation of LTE capability signaling and potential options for NR capability signaling framework. Based on discussion, we made following observations. 

Observation 1: in LTE, change of LTE UE radio access capabilities is supported by detach and re-attached procedure only. 
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Observation 2: in LTE, several issues were observed due to the fact that the UE capability change is not allowed when the UE remains attach.   
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Observation 3: Storing UE capability information in core network is beneficial in reducing signaling overhead/delay during initial setup for NR.  
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Observation 4: Storing large amount of UE capability information in core network may cause the storage limitation issue. 


Furthermore, we propose the following points for RAN2 study. 

Proposal 1: The UE reports UE capability signaling if the network requests.    
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Proposal 2:  For certain UE capabilities, the UE is allowed to report the update of UE capabilities during connection setup or during the connect mode. It is FFS which capabilities can be updated. 


Proposal 3: The subset of UE capabilities is stored in CN. The definition of the subset is FFS.   


Proposal 4: The gNB should respect UE capability changes initiated by the UE. How to specify the gNB requirement is FFS.   
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Proposal 5: The gNB provides assistance information for the UE to report UE capabilities relevant to the features supported by the RAN.
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Proposal 6: The detailed assistance information is FFS based on RAN1/RAN4 inputs on NR UE capabilities information. 
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Annex
Option 1: LTE capability signaling 
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Figure 1: Initial UE Capability Handling (captured from TS36.300)
In LTE, the eNB requests the UE provide UE capability information by using UECapabilityEnquiry If there is no UE capability in INITIAL CONTEXT SETUP RESPONSE or more capabilities are required, the eNB trigger UE capability transfer procedure and upload it to the MME (UE CAPABILITY INFO INDICATION). Without eNB request, the UE cannot send UE capability information by itself. This may be valid if UE capability information is large and not changed frequently.
MME stores the UE capability information and sends it to eNB. If the UE is performing an Attach procedure or a Tracking Area Update procedure for the "first TAU following GERAN/UTRAN Attach" or for "UE radio capability update". As mentioned in Section 2, Tracking Area Update procedure is not supported for LTE. 

Option 2: UMTS capability signaling

[image: image2.emf]
Figure 2: Transmission of UE capability information, normal flow (captured from TS25.331)
In UMTS, the UE shall initiate the UE capability update procedure in the following situations: 

· the UE receives a UE CAPABILITY ENQUIRY message from the UTRAN; 

· while in CELL_DCH or CELL_FACH state, the UE capabilities change compared to those stored in the variable UE_CAPABILITY_TRANSFERRED, and the variable RNC_CAPABILITY_CHANGE_SUPPORT is set to TRUE. 
NodeB can reject the requested UE capabilities if an on-going service cannot be continued with the updated capabilities but the NodeB does not perform a reconfiguration. 

If NodeB rejects it, the UE should not apply the requested capabilities and wait at least 300 seconds before transmitting another request.

Option 3: semi-static and dynamic capabilities [5]
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In this proposal, UE capability signaling is divided of dynamic capability and semi-static capability. Dynamic capability is UE capability that can be change depending on operating cases. For example, based band processing, RF chain related capabilities can be considered as dynamic capability. 

Semi-static capability is provided to MME and stored even when the UE goes to the idle mode, while dynamic capability is released. Therefore, MME doesn’t need to store dynamic capability for the idle mode UE. 
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