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1. Introduction 
A new SI: Hetnet Mobility Improvements for LTE was approved in RAN#51. The SID points out there are potential aspects need to be improved in Hetnet for inter-layer i.e. inter-freq/RAT mobility, such as small cell discovery, mobility robustness, UE mobility state estimation, Home eNodeBs with multiple carriers etc. However, other aspects such as typical scenarios, issues of current mechanisms are not clearly stated in SID. Furthermore, it is bit confusing on objective of mobility enhancement for home eNodeBs with multiple carriers since there is only one cell is allowed within one HeNB so far. 

Consequently, we think there needs clarifications before discussing the improvements and working assumption should be built among companies. In this contribution, some considerations of this SI based on our understanding are discussed below.
2. Discussion
2.1. Scope and Scenarios
Simulation on co-channel mobility performance is under discussion in RAN2. SID emphasis inter-layer is major area to improve. However, it is no clear whether intra-layer mobility is out of the scope of this SI. Considering very different characteristic of radio conditions and there is another WI: Further Enhanced Non CA -based ICIC for LTE focus on the interference issue for co-channel.  It would be much better to clarify whether co-channel scenario should be considered in this SI.
Proposal1: RAN2 is kindly asked to clarify whether co-channel scenario is in the scope of Hetnet Mobility Improvements SI.
For inter-layer mobility, considering types of small cells and corresponding mobility procedures, we think it is beneficial to discuss UE mobility in Macro-Pico and Macro-CSG separately.
A. Macro-Pico
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Figure 1
Figure1 depicts a possible deployment for inter-frequency Hetnet. Two frequencies are deployed, and F2 used by macro to provide sufficient coverage and F1 has smaller coverage due to larger path loss is used to provide throughput. It is expected that aggregation is possible between overlaid F1 and F2 in macro. Some Pico cells are deployed as shown in figure1 to improve throughput not covered by macro. In this scenario, UEs in low speed are expected to move to pico cell in F1from macro cell in F2 when they are under pico’s coverage to reduce cell load in F2, while UEs in high speed should stay in coverage layer to avoid excessive handover between F1 and F2.
Proposal2: The typical macro-pico scenario should be agreed as a basic scenario for Hetnet.

B. Macro-CSG

[image: image2.emf]Macro 

CSG

UE-1

F1

F2

F3

CSG

CSG

UE-2

CSG


Figure 2
 “Further study and define mobility enhancements for Home eNodeBs with multiple carriers (or CA) with CSGs (potentially different CSG on different carriers)”
There are two understandings from the Home eNB objective quoted above are shown in figure2:
B-1) There are CSG cells served by different home eNBs in multiple frequencies, for example the case where UE-1 exists in proximity area of several CSG cells, each of which belongs to a different home eNB..
B-2) There are CSG cells served by one home eNB in multiple carriers (i.e. CA home eNB), for example the case where UE-2 exists in proximity area of several CSG cells, all of which belong to one single home eNB.
Currently in R10, HeNB only serves one cell and the E-CGI is identical to HeNB ID. When considering multiple carriers for HeNB as shown in B-2), only one single carrier is allowed to broadcast SIB1 and other carriers are non-backward compatible. Consequently, to UE performing HO to/from HeNB, it won’t make any difference comparing to single carrier case. Therefore, it may be not needed to consider B-2) scenario in this SI.
Proposal3: The scenario for mobility enhancements for Home eNodeBs with multiple carriers should be clarified.
2.2. Possible functionalities considered to be improved
There are several procedures performed by UE or NW in order to provide support for seamless mobility.  It is useful to examine procedures by procedures to consider potential improvements. General, mobility consists of 3 normal stages and 1 exception procedure, and an overview is summarized below and correlated functionality to be improved according to SID based on our understanding:
Table1

	Procedures
	Description
	Functionality to be improved

	Assessment 
	· NW will configure corresponding measurement for inter-frequency non-CSG cell based on ANR or network planning, and inter-frequency CSG based on proximity indicator trigger by UE’s footprint
After configuration, assessment stage can be divided into three steps: 
· In 1st step, serving cell quality is monitored by UE on periodic basis. If the serving cell quality is below the conﬁgured threshold, the next step is executed

· In 2nd step, cell search needs to be repeated periodically, If some new neighbour cells are successfully identiﬁed, then the following step is performed

· The last step is neighbour cell measurement. Signal strength for the identiﬁed neighbour cells in the previous step is measured periodically, after L3 filter, measurement result is feed into decision stages.
	· Improved small cell discovery/identification could be investigated. e.g. criteria for inter-layer identification other than serving cell quality could be investigated.


	Decision 
	Mobility decision can be made by NW in CONNECT and by UE in IDLE. Decision maker decide UE move to target cell by configurable mobility criteria (e.g.  events, best rank ). 
	

	
	· UE judge whether the mobility criteria can be fulfiled based on input from previous stages.
	· Small cell specific criteria could be considered. e.g. pico specific TTT/hysteresis 

	
	· In additional, UE takes its moving speed into account in criteria judgement based on mobility state estimation.
	· Smart mobility state estimation could be considered. e.g. taking cell size into consideration

	
	· For IDLE mode, the decider, UE, make mobility decision then enters next stage, i.e. cell reselection.

· For CONNECT mode, UE should report judgement results to NW via measurement reports, and NW can make mobility decision based on measurement results and other information (e.g. cell load) . If PCI confusion exists, NW could request UE to read the E-CGI of target cell. Then enter next stage, i.e. handover
	· At this moment  no enhancement is foreseen in this step

	Execution
	· In cell reselection, UE read the corresponding SIBs in target cell.

In handover, further divided into three steps : 
· Make preparation in target cell NW; 
· NW send HO_CMD to UE;
· UE perform RACH on target cell according to configuration in HO_CMD within time interval set by T304;
	· More robust handover could be investigated. 

	Recovery
	Recovery procedure used for error or failure happens during normal procedures. Three steps are needed in this procedures:
· Selection a target cell in T311
· Perform RACH in target cell and re-establish SRB1 via RRC re-establish procedure.
· Subsequently recover SRB2 and DRBs by RRC reconfiguration procedure.
	· More robust re-establishment procedures could be investigated


Proposal4: RAN2 is kindly asked to consider the understanding in table 1 is correct or not. 
3. Conclusion 
Proposal1: RAN2 is kindly asked to clarify whether co-channel scenario is in the scope of Hetnet Mobility Improvements SI.
Proposal2: The typical macro-pico scenario should be agreed as a basic scenario for Hetnet.
Proposal3: The scenario for mobility enhancements for Home eNodeBs with multiple carriers should be clarified.

Proposal4: RAN2 is kindly asked to consider the understanding in table 1 is correct or not. 
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