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1. Introduction
This paper proposes the remaining issues on SCG failure handling which the co-sourcing companies believe are essential for EN-DC should be supported by the December/2017 specification.
2. Discussion
RAN2 has already agreed that the MN handles the SCGFailureInformation and may decide to keep, change, or release the SN/SCG. In the following section 2.1, the handling of SCGFailureInformation in the MN and SN is discussed so that MN will be able to appropriately keep, change or release the SN/SCG. Section 2.2 and 2.3 focus on the necessary behaviour for the case where the MN decides to keep SCG and to keep the configuration of SCG split bearer for the UE even after SCG RLFSCG RLF, for the purpose to continue delivering U-plane data via the MCG leg without requiring S1 path switch procedure to reduce the signalling load to EPC. 
2.1. SCG failure indication handling
During the RAN2#99 meeting the following agreements were made regarding the content of the SCGFailureInformation for carrying measurement results based on SN configuration. From the highlighted parts of the agreements below, it has been agreed that post SCG failure the UE continues to perform measurements based on the SN configuration and also that the measurement results carried in the SCGFailureInformation will be forwarded to the SN. In this section, we provide some further considerations for the handling of the contents SCGFailureInformation message from the SN perspective.
Agreements

1:
After SCG failure, the UE continues to perform measurements based on the SN measurement configuration. (UE does not autonomously change the routing of the SN measurements). Consequence is that, if the SN measurement configuration configured the UE to route measurements via MN, then these will continue to be reported after the SCG failure.

2:
Upon detection of SCG failure, UE performs following steps (as in LTE-DC):


1) UE keeps the current SCG configuration used prior to detection of SCG failure


2) Perform UE actions corresponding to SCG failure (i.e. suspension of SCG transmissions and SCG failure report transmission to MN)

3:
Measurement results provided in SCGFailureInformation message can be forward to the SN by inter node message (encoded in NR RRC format as previously agreed). 
FFS Whether the measurement results provided in SCGFailureInformation are encoded according to LTE RRC or NR RRC.

Agreements

1: Measurement results according to SN configuration provided in SCGFailureInformation are encoded according to NR RRC format
2: If SCGFailureInformation contains SN configured measurement results, MN will forward those measurements to SN
3: The following measurements are included in SN part of SCGFailureInformation

-
ARFCN value and NR serving cells and NR neighbour cells measurement results with a quality indicator (RSRP, RSRQ or equivalent).

FFS
Beam level measurements

In LTE DC, it was up to MeNB to act per the SCG RLF indication (“SCG failure report”), and MeNB was fully aware of the UE measurement configuration and was controlling the SeNB SCell mobility fully, and could react to the occurrence of the SCG RLF. However, with LTE-NR DC, the SgNB is in control of the intra SgNB mobility, and the SgNB leg may also fail differently due to, for example, the beam management procedures with higher carrier frequencies or due to LOS blockage occurring or non-delivery of HO command etc. Hence, MN should not make a decision about change/release the SN without offering the first chance to SN.
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Figure 2.1-1: Illustration of a typical EN-DC deployment scenario
The problem is best illustrated with the above figure. There are two scenarios under which an SCG RLF could occur.

a. When there is permanent loss of 5G coverage e.g.: when a UE moves deep into the grey area of the above figure.

b. When there is temporary loss of 5G coverage e.g.: when a UE encounters a coverage hole while moving from one white ellipse to the other of the above figure.

While in case a, the UE is less likely to report a strong candidate PSCell in the SCG failure information to MN, in case b, the UE is very likely to report a strong candidate PSCell. Hence, it is very important in case b for the MN to forward the SCG failure information to SN and wait for a confirmation from SN before deciding to change/release the SN.

SN also has already allocated the resources for the UE’s MR-DC bearer and it is appropriate to provide SN the first chance to check if the UE can be recovered in SN before changing SN or releasing the resources. If the SN finds out that the candidate cell reported by the UE in SCG failure report belongs to a different SN, it can also trigger a SN initiated SN change towards MN.

The following proposals are made based on the arguments made above (Note that these proposals are only for the handling of the SCGFailureInformation (Section 2.2 further discusses the mechanism of handling the measurement reports resulting due to continuation of measurements configured by the SN post SCG RLF). 
Proposal 1: 
The SN processes the measurement results and decides either one of the following: retain the UE in the same SN, trigger SN change or inform MN about the absence of a candidate PSCell.

Proposal 2: 
After the MN forwards the measurement results (based on SN configuration) received from the UE, the MN waits for a response from the SN and only if retaining or change of SN is not possible, make its final decision (e.g. change or remove the SN).
The MN informs the network decision to the UE via the appropriate signalling message.
2.2. UE power saving after SCG RLF

In RAN2#99, the following was agreed:

	After SCG failure,  the UE continues to perform measurements based on the SN measurement configuration. (UE does not autonomously change the routing of the SN measurements). Consequence is that, if the SN measurement configuration configured the UE to route measurements via MN, then these will continue to be reported after the SCG failure.


The expected benefit from this agreed behaviour of maintaining and continuing the current SN measurement configuration is that the UE can be aware of the current PSCell and other cell quality change so that the UE can recover the SCG leg connection promptly. However, under the assumption that the SN measurement will be performed with the same measurement performance as when the SCG is “active”, direct implication from this behaviour is the possibly high UE battery consumption, since the UE may need to do this measurement for quite some time. 
One may argue that if the battery consumption becomes significant issue, then the NW can just release the SN. However, releasing the SN would incur another problem of CN signalling (i.e., path switch signalling) increase in the network. CN signalling increase will become significant if the occurrence of SCG RLF with SN release is quite often. 
To solve both problems of UE battery consumption and CN signalling increase concern, a mechanism to allow the network to configure a “relaxed measurement requirements” to be applied by the UE after SCG RLF detection is necessary. Upon detection of SCG RLF , a UE configured with the relevant measurement configuration may start applying the “relaxed measurement requirements” which is different from the requirements before SCG RLF is detected. For example a longer measurement cycle may be applied to allow UE to conserve battery consumption. This may also be “deactivated SCell” requirements or “DRX cycle = x ms” requirements. 
This behaviour is illustrated in Figure 2.2-1.
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Figure 2.2-1:
UE applying relaxed measurement requirement after SCG RLF

The followings are options to realize the above behaviours. In both options, it is assumed that T313-like timer is defined. This timer will be started when the UE is experiencing physical layer problem with regard to PSCell. Upon expiry of this timer SCGFailureInformation will be sent to the NW.

Option 1:
The NW configures the UE with the “relaxed measurement requirements” beforehand, e.g., during SN addition. Upon detection of SCG RLF, the UE immediately applies the “relaxed measurement requirements” for the existing measurement configured by the SN. 

In this option, when the UE experiences SCG RLF, the UE continues the NR measurement configured by the SN applying with “relaxed measurement requirements” expecting to find the same or other NR cells to save UE battery. MN keeps SCG/SN to avoid CN signalling due to PDCP termination change.
Option 2:
The NW reconfigures the UE to apply “relaxed measurement requirements” upon reception of SCGFailureIndication from the UE. 


In this option, when the UE experiences SCG RLF, it will only applies the the “relaxed measurement requirements” when the network configures it via dedicated RRC signalling. MN keeps SCG/SN to avoid CN signalling due to PDCP termination change.
The difference between the above two options is whether RRC signalling is generated every time SCG RLF is declared. Assuming that in some scenario SCG RLF may not be a rare case (e.g., NR is operated in high frequency band with beam forming environment), the Option 2 in which RRC signalling is increase may not be an attractive option since it will increase the RRC signalling load which will also impact LTE users. Therefore, we think Option 1 is a better solution.

Proposal 3: For Rel-15, a configuration of “relaxed measurement requirements” to be applied after SCG RLF detection can be signalled to the UE e.g. during the initial SgNB addition.
Proposal 4: The measurement report corresponding to the “relaxed measurement requirements” are included in the Generic Container (already agreed to carry the SN measurement report). The information to carry are at least ARFCN value and NR serving cells and NR neighbour cells measurement results with a quality indicator (RSRP, RSRQ or equivalent).
2.3. Signalling reduction when returning back to old PSCell 

According to the current agreement, when the UE returns to old PSCell resuming from SCG RLF, the NW should explicitly re-configure the UE to do so via e.g., SCG change as in LTE DC. As indicated above that SCG RLF may not be a rare case, the number of RRC signalling to resume PSCell may increase if the current LTE-DC agreement is applied.  Note that for the case when the UE finds other cell (not the current PSCell), the explicit RRC signalling from MN is anyway needed to reconfigure the new PSCell. Considering that NR cells is likely to be deployed in an area where higher throughput provision is needed, the mobility of UE in these area is likely to be slower and hence there is a good probability for the UE to goes back to current failed PSCell. Therefore, enhancement to reduce RRC signalling for the case of UE returns back is beneficial. 

The following are some potential solution to skip the explicit RRC signalling from the MN:

Option A:    MN triggers UE to perform RA procedure in SCG in response to measurement report. 
In this option, when MN receives measurement report from the UE indicating the quality of the current PSCell, MN triggers UE to perform RA procedure towards PSCell via, e.g., MAC/L1 signalling. Upon the completion of the RA procedure, UE can resume the communication with SN.
Option B: 
UE performs RA procedure on PSCell autonomously when UE detects that the quality of the current PSCell becomes better.

In this option, UE autonomously resumes SCG when UE detects that the quality of the current PSCell becomes better. The detection can be based on the pre-configured threshold from the NW, e.g., RSRP. After the detection, UE performs RA procedure towards the PSCell since UL timing should be established again. Upon the completion of RA procedure, UE and SN can communicate again.
Option A requires L1 or L2 cross CG controlling while Option B can reduce such L1/L2 signalling also. Therefore, we propose Option B. 
Proposal 5: 
UE performs RA procedure towards PSCell when the quality of the current PSCell becomes better than the configured threshold after the SCG RLF is declared.

If proposal 5 is agreed, whether MN needs to be notified by the SN about the successful resuming of SCG can be further discussed. Assuming a condition where the MN decides to keep SN after the reception of SCGFailureIndication, there may be cases that would benefit if the MN is explicitly notified when the SN is successfully resumed, e.g., MCG Split bearer case. For this case, the MN can quickly start sending the PDCP SDU to the SN again. This explicit recovery indication can be realized with a new X2-AP signalling or with utilization of DDDS (DL Data Delivery Status PDU) of  X2-UP protocol. 
3. Summary and proposal
Remaining issues related to SCG failure handling: SCG failure indication handling, UE power saving after SCG RLF and Signalling reduction when returning back to old PSCell; were discussed. The following were proposed:
Proposal 1: 
The SN processes the measurement results and decides either one of the following: retain the UE in the same SN, trigger SN change or inform MN about the absence of a candidate PSCell.

Proposal 2: 
After the MN forwards the measurement results (based on SN configuration) received from the UE, the MN waits for a response from the SN and only if retaining or change of SN is not possible, make its final decision (e.g. change or remove the SN).
Proposal 3: 
For Rel-15, a configuration of “relaxed measurement requirements” to be applied after SCG RLF detection can be signalled to the UE e.g. during the initial SgNB addition.
Proposal 4: 
The measurement report corresponding to the “relaxed measurement requirements” are included in the Generic Container (already agreed to carry the SN measurement report). The information to carry are at least ARFCN value and NR serving cells and NR neighbour cells measurement results with a quality indicator (RSRP, RSRQ or equivalent).
Proposal 5: 
UE performs RA procedure towards PSCell when the quality of the current PSCell becomes better than the configured threshold after the SCG RLF is declared.

A TP to 37.340 capturing these proposals are shown hereafter.

=====================================================================================

7.7
SN/MN failure handling

If radio link failure is detected for MCG, the UE initiates the RRC connection re-establishment procedure with the Pcell. If radio link failure is detected for SCG, the UE suspends SCG transmissions for all radio bearers, and reports SCG failure information to MN.

In EN-DC and NGEN-DC, the following SN failure cases are supported:

-
SN RLF;

-
SN change failure;

-
SN configuration failure (only for messages on SRB3);

-
SN RRC integrity check failure;

Editor’s note: FFS whether the agreement above (formally taken explicitly referring to the case where the MN is an eNB) can be extended to all MR-DC cases
Editor’s note: FFS whether exceeding the maximum uplink transmission timing difference is also supported (if MR-DC supports the synchronised operation case which is RAN1 decision)

In EN-DC and NGEN-DC, upon SN failure the UE suspends SCG transmissions for all radio bearers and reports the SCG Failure Information to the MN, instead of triggering reestablishment.

Editor’s note: FFS whether the agreement above (formally taken explicitly referring to the case where the MN is an eNB) can be extended to all MR-DC cases.

In all SN failure cases, the UE maintains the current measurement configurations from both the MN and the SN and the UE continues measurements based on configuration from the MN and the SN. The SN measurements configured to be routed via the MN will continue to be reported after the SN failure. For UE battery saving purpose, the NW may configure a longer measurement cycle to be applied to the current SN measurement configurations. This configuration is included as part of RRC Connection Reconfiguration during SN addition or SN modification procedure. The UE immediately applies this configuration upon SCG RLF detection.
The UE includes in the SCG Failure Information message the measurement results available according to current measurement configuration of both the MN and the SN.
The MN handles the SCG Failure Information message and may decide to keep, change, or release the SN/SCG. In all the cases, the measurement results according to the SN configuration may be forwarded to the old SN and/or to the new SN.
To enable faster return for the case of UE returns to current PSCell after SCG RLF, the UE performs RA procedure toward PSCell when the quality of the current PSCell becomes better than the configured threshold. The UE resumes the previously configured PSCell related radio configuration, i.e., no additional dedicated RRC configuration is expected to be configured by the MN for PSCell configurations. 

=====================================================================================
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