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1. Introduction
During email discussion [85#21] on basic signalling flow for Dual Connectivity, the following FFS was identified:
Aspects still FFS:
D.1: Upon change of SeNB, it is FFS how release of source SCG configuration is performed i.e. whether MeNB initiates a single procedure towards source SeNB or two separate procedures (7 support option a, 8 support option b and 2 did not express clear preference)

This document discusses open issues with regard to signalling flows in SeNB change and MeNB change involving data data forwarding and SCG release resource.
2. Discussion
In the current LTE Rel-8 handover procedure, preparation for data forwarding and resource release are performed in two different step/ procedure.  
-
The necessary information to perform data forwarding (e.g., GTP tunnel ID for UL/DL forwarding) is exchanged during handover preparation procedure. 

-
Resource (radio and c-plane) release procedure is sent by target eNB to source eNB after UE completes the handover procedure, i.e., connected to the target eNB. 
Note that U-plane resource release is not part of this procedure. U-plane resource for data forwarding is kept as long as forwarding data is coming and it is left to eNB implementation when to release. 
For dual connectivity, email discussion [85#12] discussed this issue. The discussion point during email discussion is whether source SCG modification release request and data forwarding request should be done in one or separate procedure. To identify which approach should be taken, the following aspects are discussed. Figure 1A illustrate the following 3 aspects of UL/DL scheduling suspension timing, staring of data forwarding and radio/C-plane resource release.
1. UL/DL scheduling suspend timing

For option 1A, considering that the new security key may be used starting from RA procedure after RRC Connection Reconfiguration message is received, probably it would be wise to stop UL/DL scheduling right after preparation of T-SeNB, i.e., before RRC Connection Reconfiguration message is sent, in order to avoid ambiguity period during which  UE already applies new key but received DL data with old key. 

For option 3C, early UL/DL scheduling suspension ( i.e., after preparation of T-SeNB) may also be beneficial considering that once RRC Connection Reconfiguration is sent to the UE, Source SeNB will soon detect that the UE is out of coverage by motoring periodic UL transmission such as SRS or PUCCH. Early suspension may save a waste of resources (e.g., PDCCH/PDSCH/PUSCH resource for UE scheduling) 

Observation 1: For option 1A and option 3C, early UL/DL scheduling suspension timing may be beneficial.
2. Start of data forwarding

Let us compare early forwarding request (i.e., right after SCG Modification Request message is received from the T-SeNB) vs. late forwarding request (i.e., after RRC Connection Reconfiguration) in both architecture options.
Early forwarding

For option 1A, assuming that forwarding is performed via MeNB (S-SeNB ( MeNB ( T-SeNB), once arriving in the T-SeNB, those forwarded data needs to be buffered first before T-SeNB is able to send (after RA procedure completion). The resulting interruption time may be comparable with today X2 handover. 
For option 3C, early forwarded data can be sent via split bearer path configured in the MeNB, and there is no need to forward the data to T-SeNB. Due to the nature of split bearer, no interruption time of U-plane data is foreseen, but only a slight delay of SeNB U-plane data.
Late forwarding
For option 1A, although the forwarded data (from S-eNB ( MeNB ( T-SeNB) can be sent soon after it arrives (since it is likely that RA procedure is completed by this time), assuming that UL/DL scheduling is suspended early, the data from the start of suspension until the start of data forwarding needs to be buffered by the SeNB. Hence, interruption time is also foreseen in this case.
For option 3C, assuming that UL/DL scheduling is suspended earlier, the SeNB needs to buffer the rest of the data from MeNB (MeNB may also already stop sending packet via split bearer in SeNB after SCG modification Request message is received from T-SeNB), and sent only after RRC Connection Reconfiguration procedure is completed. Due to the nature of split bearer, no interruption time is foreseen, but larger delay (compare to early forwarding) of SeNB U-plane data may be foreseen.
Comparing the two forwarding approaches, it is clear that for option 3C, early forwarding is beneficial compared to late forwarding. Whilst for option 1A, although both forwarding approaches resulted into interruption time of U-plane data, the impact may be lesser with early forwarding approach.
Observation 2: For option 1A and option 3C, early forwarding approach brings less service impact.

3. Radio and C-plane resource release

Let us compare also early resource release and late resource release approach.  Assuming that the concept as in Rel-8 is adopted such that radio and C-plane resource release does not mean U-plane resource release, early radio/C-plane resource release would still allow late forwarding or late UL/DL scheduling suspension, if deemed necessary.
This fact allows us to assume that for normal cases early resource release would work.
One aspect that we think justify late resource release in Rel-8 was the use case to cancel handover (before sending Handover Command) once the eNB understands UE measurements changes compared to the previous one, such that the source cell becomes better than neighbour. The source eNB is then able to recover the connection and context for the UE. One may also think that releasing radio/C-plane resource in alignment with (after) the UE releases the radio resources is more robust.

In DC, even if the case of recovery to S-SeNB is supported, we understand that it will not clearly justify for late radio/C-plane resource release. However, if there is no major concern identified, we prefer to keep Rel-8 concept of late radio/C-plane resource release. 
Observation 3: 
For radio/C-plane resource release issue, early release and late release would be feasible. However, if there is no major concern identified we prefer to keep Rel-8 concept of late release resource (i.e., aligning resource release towards SeNB after new T-SeNB configuration is initiated).
Based on the above discussion, we proposed to separate the procedure for data forwarding request and for radio/C-plane resource release request.
We also assume that data forwarding between SeNB and MeNB may also occurs during SCG modification for (M)eNB change. The above observations also apply for that case.
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Figure 1a: Early Forwarding case
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Figure 1b: Late Forwarding case
3. Summary and proposal
Issues with regard to data forwarding and SCG resource release were discussed. The following were observed:
Observation 1: 
For option 1A and option 3C, early UL/DL scheduling suspension timing may be beneficial.

Observation 2:
For option 1A and option 3C, early forwarding approach brings less service impact.

Observation 3:
 For radio/C-plane resource release issue, early release and late release would be feasible. However, if there is no major concern identified we prefer to keep Rel-8 concept of late release resource (i.e., aligning resource release towards SeNB after the new T- SeNB configuration (in SCG change) and after SCG release (in MeNB change) is initiated).

The following was proposed for both SCG modification for SCG (SeNB) change and for (M)eNB change.

Proposal: 
RAN2 to agree on having separate procedure for data forwarding request and for radio/C-plane resource release request
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