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1. Introduction

The study item description [1] for HetNet Mobility Improvement in Rel-11 was approved in RAN#51. This contribution proposes to clarify/agree on some issues of the description.
2. Excerpt from [1]: “Objectives”
Detailed objectives are: 

The study shall consider both network centric solutions and possible UE assisted enhancements.
· Identify and evaluate strategies for improved small cell discovery/identification. (RAN2)

· Identify and evaluate HetNet mobility performance under established Rel-10 eICIC features e.g., Almost Blank Subframe (RAN2, RAN1 if requested by RAN2)

· Further study and define automatic re-establishment procedures that can help improve the mobility robustness of HetNet LTE networks. Evaluate performance benefits of enhanced UE mobility state estimation and related functionalities, and other possible mobility solutions to take different cell-sizes into account. (RAN2, RAN3)
· Robust mobility functionality under various supported assumptions for the availability of UE measurements (including DRX functionality) shall be ensured/taken into account as well as UE power consumption and complexity (RAN2, RAN4)

· Further study and define mobility enhancements for Home eNodeBs with multiple carriers (or CA) with CSGs (potentially different CSG on different carriers) (RAN2, RAN3)
Further discussion is provided in section 3 on the highlight bullets.

3. Discussion

3.1. Small Cell Discovery
HeNB has already introduced the proximity indication mechanism for cell discovery, but the fingerprint to trigger the proximity indication signalling could only be collected and stored for the CSG IDs in UE’s CSG Whitelist. Other small BTS layers such as pico (with or without CRE) and open mode HeNB cell as well as Hybrid mode HeNB cell are not included in the fingerprint collection scope yet. Meanwhile, discussion of HetNet (e.g. eICIC) is only related to two typical scenarios: macro-pico and macro-femto, and no other cell types are mentioned. Therefore, it is necessary to clarify whether “small cells” for discovery include hybrid/open mode HeNB cells or pico cells, or any other type of cells.
Proposal 1: Clarify whether the small cells described in the first bullet include:

· pico cells (with no CSG ID);
· open mode HeNB cells (with no CSG ID); 
· hybrid mode HeNB cells (CSG ID is not in the UE’s CSG Whitelist).

3.2. Automatic Re-establishment Procedures
It is known that re-establishment procedures are already supported in RAN2 for HetNet LTE networks. In this sense, it is not so clear what the “automatic re-establishment procedures” mean. Is it an enhancement to current re-establishment procedure or a completely new feature?
Proposal 2: Clarify whether the “automatic re-establishment procedures” mean a new feature or improvement/enhancement of existing procedures.
3.3. HeNB with Multiple Carriers (or CA)/Different CSGs
We have already defined that a CSG consists of a PLMN ID and a CSG ID [2]. And in Rel-9 TR 23.830 [3], it is illustrated that each cell of a HeNB may belong to, at maximum, one CSG due to the limitation on the SIB-1 length. It is also said that it shall be possible for cells of a HeNB to belong to different CSGs and hence have different CSG IDs [3].
Since a CSG ID is unique per PLMN [3], if sharing multiple PLMNs in one HeNB is supported, one HeNB with different CSGs is implicitly introduced. 
Considering one or more carriers for Rel-11, following are some cases w.r.t. the relationship between PLMNs and CSGs:

HeNB only supports one cell (single carrier):
· Case1: the cell only broadcasts one PLMN and one CSG ID;

(as current Rel-10 HeNB)
· Case2: the cell only broadcasts one PLMN, but broadcasts multiple CSG IDs;

(against 23.830 unique CSG ID per PLMN requirement)

· Case3: the cell sharing multiple PLMNs, thus different CSGs are supported;

(a CSG consists of a PLMN ID and a CSG ID, therefore if multiple PLMNs are supported, multiple CSGs are supported. If the cell also supports different CSG IDs, the complexity is increased)

HeNB supports multiple cells (cells are distributed in one or more carriers):

· Case4: all cells belong to one PLMN and broadcast the same CSG ID;

· Case5: all cells belong to one PLMN but broadcast different CSG IDs:
· each cell broadcasts one CSG ID;

(different cells may use the same/different CSG IDs, but one CSG ID per cell)

· at least one cell broadcasts multiple CSG IDs;

(same as case2)

· Case6: cells share multiple PLMNs, thus different CSGs are supported.
(similar to case3, if at least one cell supports different CSG IDs, it is the most complex scenario)

To clearly distinguish above cases, a table is summarized below:
	
	Number of cells
	PLMN sharing
	Number of CSGs in one HeNB
	Multiple carriers
	Note
	Impact to RAN2/3

	Case1
	One
	No
	One
	No
	Same as Rel-10 HeNB
	

	Case2
	One
	No
	More than one
	No
	One cell with multiple CSG IDs, against 23.830
	Should extend SIB1 for more csg-Identity.

	Case3
	One
	Yes
	More than one

(because of multiple PLMNs)
	No
	
	Should allow more entries in PLMN-IdentityList in SIB1, maybe extend SIB1 for more csg-Identity

	Case4
	More than one
	No
	One
	Maybe
	HeNB ID should not equal to cell ID
	Address problem for RAN3

	Case5
	More than one
	No
	More than one
	Maybe
	HeNB ID should not equal to cell ID
If multiple CSG IDs in one cell, against 23.830
	Maybe extend SIB1 for more csg-Identity is required.

Address problem for RAN3

	Case6
	More than one
	Yes
	More than one
(because of multiple PLMNs)
	Maybe
	HeNB ID should not equal to cell ID
	May extend SIB1 for more csg-Identity and allowing more entries in PLMN-IdentityList is required.

Address problem for RAN3


From above analysis, there are many combined scenarios based on the number of carriers/PLMN sharing/differents CSGs, which seems quite complex. For example, if multiple carriers are supported, the proximity indication mechanism shall be enhanced to include multiple frequencies report; or if multiple CSGs are supported in one HeNB, the content of SIB and mobility procedure should be improved.
Thus to alleviate the workload, before discussion in RAN side, it is necessary to ask SA1 about the requirement in Rel-11 on introducing multiple carriers (or CA) to one HeNB, especially the requirement of one HeNB with different CSGs, since this also impacts the behavior of mobility in core network.

Proposal 3: Confirm with SA1 if the multiple carriers (or CA) for HeNB/ different CSGs is required for Rel-11.
Proposal 4: If different CSGs are supported, further confirm whether multiple CSG IDs in one cell are allowed.
4. Conclusion
In this contribution， some issues are raised on the HetNet mobility improvement study item description. RAN2 is kindly requested to clarify these issues:
Proposal 1: Clarify whether the small cells described in the first bullet include:

· pico cells (with no CSG ID);
· open mode HeNB cells (with no CSG ID); 
· hybrid mode HeNB cells (CSG ID is not in the UE’s CSG Whitelist).

Proposal 2: Clarify whether the “automatic re-establishment procedures” mean a new feature or improvement/enhancement of existing procedures.
Proposal 3: Confirm with SA1 if the multiple carriers (or CA) for HeNB/ different CSGs is required for Rel-11.
Proposal 4: If different CSGs are supported, further confirm whether multiple CSG IDs in one cell are allowed.
If proposal 3/4 is agreed, we are glad to prepare the draft LS sending to SA1.
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