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1
Introduction
In RAN #58, the SID of small cell enhancement-higher layer aspects has been agreed [1]. In the first discussion during the RAN2 #81 meeting, several potential challenges were identified [2]
One important aspect of the small cell enhancement study is mobility: Some mobility problems identified already in HetNet study item are that the mobility performance might degrade (e.g. more handovers and more handover, radio link failures) when more and more small cells are deployed. At the same time, an increase of the core network signalling is expected with the increase in amount of small cells.
In this paper, we discuss the mobility-related issues for dual connectivity in small cell scenarios. 

2
Mobility for Dual Connectivity Scenarios 

During the RAN1#81, three main scenarios were identified for dual connectivity:
1. Macro and pico cells on the same carrier frequency (intra-frequency) connected via non-ideal backhaul

2. Macro and pico cells on different carrier frequencies (inter-frequency) connected via non-ideal backhaul

3. Only pico cells on one or more carrier frequencies connected via non-ideal backhaul (typically low and medium UE mobility)
As identified during the e-mail discussion [5], mobility robustness is seen as a challenge for the scenarios 1 & 2, but was proposed to be removed as a challenge for the scenario 3 (since the scenario should be similar to a homogeneous deployment with low mobility, which has been seen not to be the most difficult case for mobility).

The Scenario 1 and Scenario 2 are very similar to each other, and especially the Scenario 1 is very similar to the one already studied in the Hetnet mobility SI. The challenges identified there, as also proposed in [5], should be applicable for Scenario 1 and might be applicable for Scenario 2.  However, given that the Scenario 1 challenges are well known already from the Hetnet mobility SI, it would make sense to focus mainly on the Scenario 2 challenges. 
Proposal #1: The same mobility challenges as identified in Hetnet mobility SI should be applicable for Scenario 1. 

Proposal 2: RAN2 should focus on the mobility challenges of Scenario 2 since the challenges have not been studied earlier.
NOTE: In this contribution, we will call the cell controlling the dual connectivity as Primary Cell (PCell, i.e. the same term as in CA), and the second cell being controlled with dual connectivity as Dual Cell (DCell, analogously to Scell in CA).
3
What dual connectivity will bring for mobility 
In addition to the mobility performance discussed in above section, it is also quite natural to study the mobility procedure as there might be some potential architecture change for Rel-12 small cell. In this section, we give some analysis on this aspect as well.
3.1
Existing Mobility Procedure
Before look into the potential optimization for the mobility procedure / signalling, we have to understand first what the existing mobility performance is. Below figure is the current mobility procedure from the system point of view from [3]. 
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Figure 1 mobility procedure for the current LTE system

Delay estimation for handover: The delay estimation for the existing handover procedure is shown below:
· Measurement reporting: After eNB configures measurement object and event configuration, the UE will start processing the measurement reports. The time between the event configuration and event reporting will vary, and can be very long (since the event triggered measurement report is only sent when the event trigger condition is met), but this time is not relevant for the mobility delay. Assuming a the UE cell search minimum requirement of 800ms [4], TTT value of 160 ms and UE reporting and eNB processing delay of 20ms, we see that from the time the small cell becomes measurable, it may take about 1 second for eNB to receive a measurement report of the cell. More typically, the cell search could last e.g. 220ms, so the total delay could be only around 420ms.
· HO command creation: The source eNB will first request the handover from the target eNB, and after getting a response back the source eNB schedules sends the HO command to the UE. This total RRC procedure delay is assumed to be around 20 (X2 delay) + 15 (RRC processing delay) = 35 ms [4] .
· HO execution: There are three parts to this process.
· Changing eNB: The UE process the handover command, detaches from source eNB and is ready to start RACH in the target cell. Since we assume the UE has measured the cell before, the synchronization time is 0ms, so we can estimate this time to be ~15ms (RRC processing delay)
· RACH: We assuming a typical RACH delay of 15 ms for getting a scheduling response for the HO completion.
· Completing RRCConnectionReconfiguration: After UE receives the random access response, it will send the message RRCConnectionReconfigurationComplete to the target eNB. Assuming one-shot reception and RRC processing delay, we estimate this step to take around 15ms.
· Path switch: At this stage, the UE is connected to the target eNB and only CN signalling remains. This requires signalling between source eNB, MME, S-GW and target eNB. We estimate this to take around 40ms.
Based on the above, we can estimate that the delay from a small cell becoming measurable to UE being ready for data transmission could take around 500 ms for a typical case.

Below we summarize the delay of the mobility procedure for RAN side, X2, and also between eNB to core network into a table.
	
	Steps included
	Estimated Total Delay (Typical value)
	Comments

	RAN side delay (including UE side and eNB processing delay)
	1, 2, 3, 5, 7, 9, 10, 11
	400ms
	This assumes UE finds and reports the cell and handover is ordered.

	X2 signalling delay (between source and target eNB)
	4, 6, 8, 17 + packet data + data forwarding + end marker
	60 ms
	We assume X2 between the eNBs 
The signalling amount for data forwarding (which can be large if there is a lot of buffered data) is not counted here

	eNB to MME/SGW signalling delay and processing delay
	12, 13, 14, 15, 16 + end marker + 2x packet data
	40ms
	One-way delay from eNB to MME/S-GW estimated as 10ms


Signalling load for handover: In addition to the delay performance for the mobility in the existing LTE system, we need to also consider the signalling overhead from the radio side and between the eNBs. 
From radio side, mobility procedure will include measurement configuration, measurement report, handover command and the following RACH procedure. 
· eNB needs to first configure measurement for a given UE, including measurement object and related reporting configuration. Assuming all the small cells operate in the same frequency, then for the smallest size of the configuration signalling, eNB needs to only configure one measurement object for the serving frequency and one event for the related measurement report mechanism (e.g. event triggered). The signalling size would be around 10 to 11 bytes at minimum.
· After UE gets the measurement result, and the reporting trigger conditions are met, UE need to send the measurement report to eNB to assist the handover procedure. Assuming the measurement result includes three cells including the seving PCell (without considering CGI cell), then the rough size of the measurement result would be around 5 bytes at least. 
· Once source eNB make the HO decision and get acknowledgement from the target eNB, it should send the handover command (i.e. RRCConnectionReconfiguration with mobilityControlInfo) to UE. If we assume this HO command is for FDD handover and only contain the necessary information, the signalling size would be around 30 bytes. 
· UE will start to synchronize to the target PCell as soon as it receives the handover command and perform random access on the target PCell according to the indication from handover command. UE will send the RRCConnectionComplete signalling when it gets the UL grant for Msg3. The related signalling size would be around 1 byte.
In summary, the existing handover procedure will require around 500ms delay in total. From radio side, measurement and related reporting may take longest time and also cause most of the signalling overhead, and from NW side, the main information exchange is about the UE context and data transmission status. 
3.2
Potential impact for the architecture change
For Rel-12 small cell study, we agreed that non-ideal backhaul between macro eNB and small cell eNB should be the main focus. Therefore, there might be some potential difference from both system architecture and protocol architecture point of view. Depending on the chosen architecture for the control and user planes, the handling of mobility might also be different. 
Proposal 3: The mobility impacts should be evaluated for each of the potential protocol architectures for dual connectivity.

The existing mobility procedure of LTE is controlled by the eNB based on the UE-assistance information (i.e.the RRM measurements and reports provided to the eNB). Given that the desire is to minimize the network signalling, one aspect to consider with the dual connectivity is to think whether the UE could be given some more freedom with the DCell changes: The UE could be given several DCells, among which it could freely choose to (autonomously) change the cell if given conditions are fulfilled (e.g. similar as the cell reselection rules). Also, the eNB could also jointly consider the load information when making the decision about mobility, i.e. to better offload UEs to cells which have lowest load. However, to retain backward compatibility and control in the PCell, any change of the PCell should still be always done with the legacy handover procedure.
Regarding the UE assistance, as long as UE still need to make the measurement and report the results, the related configuration and reporting signalling would be necessary. The UE measurement reporting has been, so far, always seen as useful for the network decisions, and the situation is not very different in dual connectivity cases. Hence,all the signalling overhead from the radio side would only be possible to reduce if the UE is given some more control over the handover decisions of the dual cells. Otherwise, the current methodology still seems quite useful even for dual connectivity. 
From the NW side, if there is change on the protocol architecture, there could be some changes to the procedure of mobility, too. For example, if both macro and small cell eNB have full user plane protocol, as shown in figure 2, the SN STATUS TRANFER message will need to be exchanged when UE does handover, and related path switch procedure will also be needed in this architecture. However, if only macro eNB has PDCP layer and all the data will be routed via macro, small cell might be somehow made invisiable to the core network and in this case, SN STATUS TRANSFER message and path swtich will not be needed. How to handle the control plane in dual connectivity will also have impact to the mobility procedure, e.g. how to handle the UE context, etc. If we also consider an analogous case to CA, the change of an Scell is more of an RRC configuration procedure, requiring only no or minimal interruptions to the PCell. A similar mechanism could also be considered for DCell change in dual connectivity under some protocol architecture. 
Because different protocol architecture and system architecture will have impact to the mobility as well, we think we could also take the mobility related aspect into account when we choose the different alternatives of protocol and system architecture. The goal would be have a good tradeoff between performance, complexity and cost. 

Proposal 4: RAN2 should consider whether some relaxations to existing mobility procedures could be done. 
4
Conclusion
In this paper, we made some analysis about the mobility for small cell scenario and give following proposals and observations. 

Proposal 1: The same mobility challenges as identified in Hetnet mobility SI should be applicable for Scenario 1. 

Proposal 2: RAN2 should focus on the mobility challenges of Scenario 2 since the challenges have not been studied earlier.
Proposal 3: The mobility impacts should bne evaluated for each of the potential protocol architectures for dual connectivity.

Proposal 4: RAN2 should consider whether some relaxations to existing mobility procedures could be done. 
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