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1 
Introduction
In RAN2#84 meeting, a proposed SeNB Release (MeNB initiated) procedure has been captured in TR 36.842[1] (the signaling diagram can be found in Figure 1 of the Annex). But it is unclear when and how the SeNB releases all resources associated to the UE context. In this contribution, the possible problems for the different release strategy are analyzed in the following sections.
2
Discussion 

Based on the legacy X2 handover procedure (the signaling diagram can be found in Figure 2 of the Annex). Target eNB sends a UE context release message to the source eNB after receiving Path Switch ACK message from CN, then the source eNB shall release Radio interface resources on Uu i/f (MAC, RLC status), C-plane related resources associated to the UE context（UE signalling reference, AP-ID for S1-C and X2-C）, etc.

The above mechanism has the following two purposes:

1. This method can prevent same resources to be used by different users during handover execution. These resources include the radio resources between UE and network,e.g. PUCCH resource, C-RNTI,etc. and the C-plane related resources associated to the UE context between two eNBs, e.g. UE signalling reference, AP-ID for S1-C and X2-C, etc. 
2. If the RLF occurs, it allows UE to return back to source cell so that the old UE context could also be used, and both interruption time and signaling load for re-establishment can be minimized. i.e. abnormal process is so simple and efficient;
Dual connectivity, especially with architecture 1A, has similar signaling procedures as legacy X2 handover. Then it also needs to take the above issues into account.  
Based on the description of TR 36.842[1] ( see Figure 1 of the Annex), there isn’t any explicit signaling message to indicate when all resources associated to the UE context in SeNB will be released except for the description of “SeNB to follow MeNB’s request” in step 3. Then it may be assumed that the radio resources reserved to the concerned UE will be released after successfully sending SeNB Release ACK message to MeNB. With the assumption, some potential issues for the SeNB Release procedure of dual connectivity are analyzed as follows.
Firstly the issue of radio resources collision between UE and network needs to be considered. The time period from sending SeNB Release ACK message by the SeNB to receiving RRC Connection Reconfiguration message by the  UE is about 30~80ms, which includes the X2 delay (10~60ms), the Uu delay (1~3ms) (without taking packet retransmission into account), the process delay of eNB and UE (20ms). In case a new UE is handed over or initially accessed to the SeNB, the reassignment of a C-RNTI/PUCCH resource at least requires 10 ms. Thus same PUCCH resource (e.g. sr-PUCCH-ResourceIndex) may be simultaneously allocated to two different UEs, which will lead to interference issue on PUCCH due to simultaneous transmission. Additionally the C-RNTI collision may also exist which will lead to the error receipt of service data. 
Observation 1: The issue of radio resources collision between UE and network needs to be considered when releasing radio resources in SeNB.
Secondly for architecture 1A it is assumed that the SeNB also use the SN STATUS TRANSFER procedure defined in X2AP to transfer the uplink and Downlink PDCP SN status of the bearers to be moved to the MeNB, If the release time of the X2-C resources related to UE context is after sending SeNB Release ACK message by the SeNB, there could be problem with the transmission of the subsequent UE-associated message. The problem could be solved if combining the uplink and Downlink PDCP SN status information into the SeNB Release ACK message, however, this method will introduce more standard effort. 
Observation 2: The issue of the PDCP SN information transmission needs to be considered when releasing the X2-C resources related to UE context.
Additionally, if the MeNB would like the bearers to be released to fall back to the old SeNB due to some special reasons, since the UE context in the SeNB has been released, the MeNB shall re-establish a UE context for the Dual connectivity UE, then such procedure will lead to the increase of the interruption time and signaling load over Uu and X2 interface. 
Observation 3: The fallback operation for the release procedure needs to be considered. 
Finally, if the release of resource in the SeNB isn’t specified, there may be inter-operability problem between the equipments from different manufacturers. For example, MeNB is from vendor A, SeNB is from vendor B, a dual connectivity UE is assigned a pair of X2AP IDs ,e.g.100 (MeNB X2AP ID)/200 (SeNB X2AP ID). In case a SeNB Release procedure occurs, the MeNB thinks that the resources in the SeNB will be released upon receipt of SeNB Release ACK message. Then the MeNB X2AP ID 100 may be re-allocated to a new dual connectivity UE. But in target SeNB, the X2AP ID shall be considered “already allocated ID” once receiving this message due to not releasing the C-plane resource. Thus the method to release resources in SeNB should be specified. Otherwise, inter-operability problem will occur in some scenarios, which will lead to the resource assignment error finally.
Observation 4: The inter-operability problem should be considered in case of releasing the resources in SeNB.

To solve the above issues, several possible solutions on the release of resources in SeNB are given as below:
Option 1:
The MeNB will explicitly signal the SeNB to release the corresponding resources once receiving the RRC Connection Reconfiguration Complete message from UE or E-RAB Modification Confirmation message from MME. 
Option 2:
The SeNB removes any X2-C resources and radio resources of the concerned UE context after sending the  SeNB Release ACK message towards the MeNB.
Option 2.1:
This method is an enhancement on the basis of the Option 2. The SeNB just remove all X2-C resources of the concerned UE context after successfully sending SeNB Release ACK message to the MeNB, but the radio resources of the concerned UE context in the SeNB are reserved until it was convinced that the associated radio resources have been released by the UE. Network side may adopt a Timer based method by which an enough long timer is set in SeNB to ensure that the associated radio resources have been released by UE. Then the SeNB shall remove any radio resources of the concerned UE context.
Option 3

The SeNB shall release any X2-C resources and radio resources based on a predefined Timer. As explained in Option 2.1, this method can avoid the collision of the radio resources between UE and network very well, but for the X2-C resources between MeNB and SeNB, the collision seems unavoidable for lack of the explicit signalling exchange procedure between the MeNB and the SeNB which may result in the inter-operability problem. 
A comparison table (which is based on the analysis above) for these options is given in Table 1.

Table 1: Comparison between above options
	
	Option 1
	Option 2
	Option 2.1
	Option 3

	The collision of X2-C resources between MeNB and SeNB
	(
	(
	(
	(

	The collision of radio resources between MeNB and SeNB
	(
	(
	(
	(

	The impact on the transmission of PDCP SN information
	(
	(
	(
	(

	Standard effort
	(
	(
	(
	(

	The fallback operation for the release procedure
	(
	(
	(
	(

	Inter-operability problem
	(
	(
	(
	(


Based on the above comparisons, Option 1 seems the simplest methods to avoid the collision of the X2-C and radio resources between different nodes. Thus we think that Option 1 should be adopted to release the resources in SeNB.
Proposal 1: It is proposed for the MeNB to explicitly signal the SeNB to release the corresponding resources.
3
Conclusion
In this contribution, we analyze the possible problems for the different release strategy for resources in SeNB, and some observations have been provided as follows:
Observation 1: The issue of radio resources collision between UE and network needs to be considered when releasing radio resources in SeNB.
Observation 2: The issue of the PDCP SN information transmission needs to be considered when releasing the X2-C resources related to UE context.
Observation 3: The fallback operation for the release procedure needs to be considered
Observation 4: The inter-operability problem should be considered in case of releasing the resources in SeNB.
Proposal 1: It is proposed for the MeNB to explicitly signal SeNB to release the corresponding resources.
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Annex 1

The following diagram is extracted from TR 36.842
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 Figure 1 - SeNB Release
The following diagram is extracted from TS 36.300:
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