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1. Introduction 
In this paper, we discuss the motivation behind the need to introduce signalling on X2AP for reporting the load of M-eNB to S-en-gNB in EN-DC scenarios, specially in the context of aiding S-en-gNB to do a MN load aware SCG release instead of triggering a blind SCG release for power saving purposes.
2. Discussion
In order to support Mobility Load Balancing (MLB), Resource Status Reporting procedures over E1, F1, Xn and EN-DC X2 interfaces have been discussed and agreed in Rel-16. 

In EN-DC, it is be noted that the load information reporting from S-en-gNB to M-eNB is supported over EN-DC X2 interface via EN-DC RESOURCE STATUS REQUEST/RESPONSE messages as shown in the following figure.
                              
[image: image2.png]eNB en-gNB

EN-DC RESOURCE STATUS REQUEST

EN-DC RESOURCE STATUS RESPONSE





However, the load information reporting from M-eNB to S-en-gNB is not supported. This was initially proposed in [1], but was not considered due to the lack of a pressing use case where the load information of M-eNB is required by the S-en-gNB in EN-DC scenarios.

Observation #1: In an EN-DC scenario, S-en-gNB load information is reported to M-eNB via EN-DC RESOURCE STATUS REQUEST/RESPONSE messages.

Observation #2: In an EN-DC scenario, M-eNB load information is not reported to S-en-gNB

However, considering recent agreements as highlighted below, we believe there is an important use case in the context of NR SCG release for power saving where knowing the load of M-eNB can help the S-en-gNB intelligently release the SCG resources instead of triggering a blind release. 
· In MR-DC with NR SN, support SCG specific UAI for power saving, which includes drx-Preference, maxBW-Preference, maxCC-Preference, maxMIMO-LayerPreference, and minSchedulingOffsetPreference. 

· UE implicitly can indicate a preference for NR SCG release by indicating zero number of carriers or zero aggregated maximum bandwidth in both FR1 and FR2.

· UE transmits SCG specific UAI for power saving in a transparent container to the MN and the MN then forwards the received container to the NR SN.

· In (NG)EN-DC, SCG specific UAI for power saving is transmitted on the NR leg via SRB3, if SRB3 is configured. 

· In NR-DC, SCG specific UAI for power saving is transmitted on the SCG via SRB3, if SRB3 is configured.
According to recent RAN2 agreements in [2], it was agreed that UE can send power saving assistance information (via User Assistance Information (UAI)) to SN directly via SRB3 or via a transparent container through MN using SRB1 and SN needs to take a decision on whether to release SCG resources. In such a scenario, the SN would either need to make a blind decision to release the SN resources or can coordinate with the MN to make an intelligent release of SN resources.
Observation #3: In case UE sends power saving assistance information to release SN resources, NW might need to do a blind SCG release without considering the MN load and this might lead to eNB initiated UE release(s) in case of heavily congested MN

This intelligent release of SN resources can be done in 2 ways:

Option 1: MN load aware SCG release i.e. SN can request for MN to report its load and do a MN load-aware SCG release. Currently M-eNB load reporting to S-en-gNB in ENDC scenario is not supported and this is what we are proposing in this paper
Option 2: Introduce a handshake mechanism where the SN coordinates with MN to do admission control before releasing the SCG resources. The advantage with this solution is that it is up to the MN to do its admission and MN need not serve any additional UEs due to a blind and sudden SN release.

However there are certain disadvantages associated with Option 2 such as i) this solution will be complex (now MN needs to make decision), ii) slower (handshake may consume tens of ms while UE is having a problem) and iii) potentially conflicts with spirit of RAN2 conclusion that theMN should be agnostic of SCG release for power saving purposes. We therefore deprioritize Option 2 and propose Option 1 in the context of this paper.

We believe that in the majority of cases, the SN resources could be released for power saving, however in scenarios such as busy railway stations where the MN is heavily congested (e.g. due to legacy traffic) but SN has capacity, in this case it would be better to keep the SN resources until the UE moves to idle due to inactivity.

Since UE assisted power saving mechanism via UAI is supported in Rel-16, we therefore propose to introduce a solution to do load-aware SCG release for EN-DC scenarios in Rel-16. 

Proposal #1: Introduce signalling over X2 for supporting M-eNB load-aware release of S-en-gNB resources (instead of a blind SCG release using UAI) for EN-DC scenarios in Rel-16

To achieve this load aware SCG release, we propose to introduce class-1 messages EN-DC RESOURCE STATUS REQUIRED/CONFIRM/REFUSE for en-gNB initiated M-eNB load reporting to S-en-gNB.
Proposal #2: Introduce class-1 messages EN-DC RESOURCE STATUS REQUIRED/CONFIRM/REFUSE for en-gNB initiated M-eNB load reporting to S-en-gNB
In addition, we also propose to introduce a class 2 message EN-DC RESOURCE STATUS NOTIFY for eNB initiated M-eNB load reporting to S-en-gNB.

Proposal #3: Introduce class-2 message EN-DC RESOURCE STATUS NOTIFY for eNB initiated M-eNB load reporting to S-en-gNB
Detailed structure of the above proposed class-1 and class-2 messages are described in the proposed CR [3]. 

It is to be also noted that forcing SN to keep DC mode irrespective of UE indication to release SCG resources for power saving is also not good in case the UE has little power left (or in overheating scenarios). Ideally, the SN release indication should go along with a reduced BW indication, so that the UE is not really asking for high throughput to contribute to the load. SN should also check for reduced BW or overheating indication in addition to load reporting of MN to decide whether to release SN resources. In case the NW does not accept SN release irrespective of power issues or overheating indication, UE might need to choose to transition to Idle mode.
3. Conclusion

Observation #1: In an EN-DC scenario, S-en-gNB load information is reported to M-eNB via EN-DC RESOURCE STATUS REQUEST/RESPONSE messages.

Observation #2: In an EN-DC scenario, M-eNB load information is not reported to S-en-gNB

Observation #3: In case UE sends power saving assistance information to SN directly, NW might need to do a blind SCG release without considering the MN load and this might lead to eNB initiated UE release(s)in case of heavily congested MN

Proposal #1: Introduce signalling over X2 for supporting M-eNB load-aware release of S-en-gNB resources (instead of a blind SCG release using UAI) for EN-DC scenarios in Rel-16
Proposal #2: Introduce class-1 messages EN-DC RESOURCE STATUS REQUIRED/CONFIRM/REFUSE for en-gNB initiated M-eNB load reporting to S-en-gNB
Proposal #3: Introduce class-2 message EN-DC RESOURCE STATUS NOTIFY for eNB initiated M-eNB load reporting to S-en-gNB
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