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Discussion
1 Introduction

In previous meeting we made some agreements for capability coordination in tight interworking, but we discussed how to coordinate capabilities between the UE, LTE eNB and NR gNB. In this contribution we discuss how NR SgNB acquires the NR capability in tight interworking scenario based on UE capability fetch in LTE. 
2 Discussion
In LTE system in order to avoid signalling of the UE radio access capabilities over the radio interface upon each transition from RRC_IDLE to RRC_CONNECTED, the core network stores the AS capabilities while the UE is in RRC_IDLE/EMM-REGISTERED. Upon S1 connection establishment, the core network provides the capabilities to the eNB. If the eNB doesn’t receive the capability from the core network, it requires the UE to provide its capabilities. 
The LTE eNB will acquire the UE LTE capability in this way in tight interworking scenario. However, we need further study how NR SgNB can acquire the NR capability when the gNB is added as SgNB for tight interworking. In this contribution, we assume MeNB and SgNB are LTE eNB and NR gNB, respectively, and the core network used for tight interworking is LTE EPC.
Q1: Is NR capability stored in MME, like LTE capability?
Storing UE capability in core network was first introduced in LTE for the purpose of reduction of capability signaling, and existing MME is already able to store not only LTE capability but also UMTS and GERAN capabilities. So the same manner can be adopted to NR capability for the same purpose. 
In addition, if NR capability is not stored in MME after SI connection establishment, the LTE MeNB or NR SgNB should enquire the NR capability of UE whenever SgNB addition/change for tight interworking it LTE MeNB does not store the NR capability.
Proposal 1      In tight interworking scenario, NR capability is stored in MME while UE is in RRC_IDLE/EMM-REGISTERED, like LTE capability.
If the NR capability is stored in MME along with LTE capability when UE becomes EMM-REGISTERED mode, the NR capability can be provided to LTE MeNB along with LTE capability from MME upon S1 connection establishment so that UE doesn’t need to provide its NR capabilitywhenever the UE makes RRC connection or SgNB addition/change as pointed out above. 
Then, we should also discuss how MME provides the NR capability to NR SgNB.

Q2: Is stored NR capability provided from MME upon S1 connection establishment, like LTE capability?
One possible way would be MME provides both LTE and NR capability to LTE MeNB upon S1 connection establishment. The detailed procedure is shown below.
· Step1. Upon S1 connection establishment the MME provides both LTE and NR capability to LTE MeNB.

· Step2. LTE MeNB stores the NR capability.

· Step3. LTE MeNB sends NR SgNB Addition Request including NR capability to NR SgNB.

In the above option, the NR capability of the UE stored in MeNB is not needed until tight interworking with SgNB is initiated. So this option involves new eNB behavior, i.e. LTE MeNB should store the NR capability until tight interworking is initiated. If the tight interworking is not initiated during S1 connection, the NR capability will not be used until it is discarded. To avoid such unnecessary storing NR capability in LTE MeNB, MME can provide the NR capability to LTE MeNB in request/response manner. Only LTE capability is provided upon S1 connection establishment. Before activating the tight interworking LTE MeNB or NR SgNB requests the MME to provide the NR capability.
Conclusion 1  If NR capability is provided along with LTE capability upon S1 connection establishment by MME, the LTE MeNB should store the NR capability as long as S1 connection is kept.

Proposal 2      Study further NR capability fetch in request/response manner from MME.
Q3: If NR capability can be provided from MME in request/response manner, which NB requests the NR capability to MME?

The NR capability can be requested by LTE MeNB or NR SgNB before the tight interworking initiation in order to avoid unnecessary storing in MeNB. If NR capability fetch is transparent to LTE, the SgNB will request the NR capability to MME as follows:
Option 3-1. SgNB request the NR capability to MME. (when MME has valid NR capability)
· Step1. Upon S1 connection establishment the MME provides only LTE capability to LTE MeNB.

· Step2. LTE MeNB sends SgNB Addition Request to NR SgNB without NR capability.

· Step3. NR SgNB requests the MME to provide NR capability.

· Step4. NR SgNB receives the NR capability from MME via LTE MeNB.

If MeNB is responsible for the all UE capability fetch, the LTE MeNB will receive the NR capability first and delivers that to NR SgNB as follows:
Option 3-2. MeNB requests the NR capability to MME. (when MME has valid NR capability)
· Step1. Upon S1 connection establishment the MME provides only LTE capability to LTE MeNB.

· Step2. LTE MeNB requests the MME to provide NR capability.

· Step3. LTE MeNB receives the NR capability from MME.
· Step4. LTE MeNB sends SgNB Addition Request including NR capability to the NR SgNB.
If NR capability fetch from MME is not available, e.g. due to the UE being in ECC-DEREGISTERED, LTE MeNB or NR SgNB requests the NR capability to the UE. The 4th question is who request the NR capability to UE when the MME doesn’t have valid NR capability.
Q4: Which NB request the NR capability to UE when the MME doesn’t have NR capability?

If node which requests NR capability depending on whether the MME has a valid NR capability is different, , then the NR capability acquisition procedure becomes so complicated as below:
· Step1. Upon S1 connection establishment the MME provides only LTE capability to LTE MeNB.

· Step2. LTE MeNB sends SgNB Addition Request to the NR SgNB without NR capability.

· Step3. NR SgNB requests the MME to provide NR capability.

· Step4. NR SgNB doesn’t receive the NR capability from MME.

· Step5. NR SgNB informs LTE MeNB that UE should report NR capability.

· Step6. LTE MeNB requests UE to provide NR capability.

· Step7. LTE MeNB receives the NR capability from the UE.

· Step8. LTE MeNB provides the NR capability to the NR SgNB.

Therefore, we think it is reasonable for single NB to be responsible for NR capability fetch. 
Conclusion 2  If NR capability fetch in request/response manner is introduced, single NB between LTE MeNB and NR SgNB should be responsible for NR capability fetch in all scenarios. I.e. if LTE MeNB is responsible for NR capability fetch from MME, it is also responsible for NR capability fetch from UE, and vice versa.
The NR capability fetch procedure between NR NB and UE will be introduced definitely for NR standalone scenario. We prefer that the NR gNB is always responsible for NR capability fetch from UE regardless of deployment scenario. 
If NR SgNB is responsible for NR capability fetch, the NR capability acquisition procedure is shown below considering the scenario the MME doesn’t have NR capability as well.
Option 3-1. NR SgNB requests NR capability to the UE. (when MME doesn’t have NR capability)

· Step1. Upon S1 connection establishment the MME provides only LTE capability to LTE MeNB.

· Step2. LTE MeNB sends SgNB Addition Request to the NR SgNB without NR capability.

· Step3. NR SgNB requests the MME to provide NR capability.

· Step4. NR SgNB doesn’t receive the NR capability from MME.

· Step5. NR SgNB requests the UE to provide NR capability.

· Step6. NR SgNB receives the NR capability from the UE.
Proposal 3      If NR capability fetch from MME in request/response manner is introduced, NR SgNB requests the NR capability to MME.

Proposal 4      If NR SgNB doesn’t acquire NR capability from MME, it requests the NR capability to UE.
3 Conclusion
In this contribution, we discuss how NR SgNB acquires the NR capability in tight interworking scenario based on UE capability fetch in LTE and made following proposals:
Proposal 1      In tight interworking scenario, NR capability is stored in MME while UE is in RRC_IDLE/EMM-REGISTERED, like LTE capability.
Proposal 2      Study further NR capability fetch in request/response manner from MME.
Proposal 3      If NR capability fetch from MME in request/response manner is introduced, NR SgNB requests the NR capability to MME.
Proposal 4      If NR SgNB doesn’t acquire NR capability from MME, it requests the NR capability to UE.
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