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Introduction

The present document is mainly for two issues: the relationship between TAs for CSG cells and Non-CSG cells, and the relationship between CSG ID and TAs.

At the past meeting, about CSG TAs, there were a couple of LS exchanges within CT1, RAN2, SA2 and RAN3. There has no any final consensus reached about the relationships between TAs used for CSG cells and Non-CSG cells.

Last meeting, option C for home cell deployment [1] was agreed. In the option, a new mobility list for CSG cell mobility, i.e. CSG mobility list, was imported. The CSG mobility list consists of a couple of TAIs of CSG cells. 
Based on the assumption, the present document is to discuss and clarify the relationship between TAs for CSG cells and Non-CSG cell (e.g. macro eNodeBs, open femto cells, etc.)

A CSG area is defined as a collection of one more cells that have a common CSG id. A CSG area consists of one or more physical areas. The document is also to clarify the relationship between CSG ID and TAs, and propose related actions.
Discussion

1. The relationship between TAs of CSG cells and Non-CSG cells
The relationship between TAs for CSG cells and Non-CSG cells could be two possibilities, i.e. (alternative 1) CSG cells and macro eNodeBs share the same TAs or (alternative 2) they have different TAs, depicted in Figure 1 and Figure 2.
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Figure 1: Macro eNodeBs and Home eNodeBs share the same TAs
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Figure 2: Macro eNodeBs and Home eNodeBs haves different TAs
In figure 1, all of macro eNodeBs and CSG cells in the same area have the same TAC. In figure 2, macro eNodeBs and CSG cells in a certain area have different TACs, i.e. TAs for macro eNodeBs (MTAs in the figure) are independent of the TAs for CSG cells (CTAs in the figure). This is more like two independent but overlapped networks one of which is make up of macro eNodeBs and another of which is make up of CSG cells. Additionally, to reduce complexity of MME control and network planning, a CTA is always contained in a MTA.  
In alternative 2, the format of TAC including size, structure is for further study. Note whether a cell is a macro cell or a home cell can be differentiated from the system information.

Both of two alternatives above can be applicable to CSG mobility control in option C. The difference is that in alternative 2 the CSG mobility list is a set of CTAs.
Furthermore, we can discuss the alternatives from TAU procedures, paging procedures and complexities of MME.

· Tracking Area Update
Except for periodical TAU, the amount of TAU is controlled by TA list and CSG mobility list. With careful design, the amount of TAU within macro eNodeBs and CSG cells could be the same. For example, in alternative 1, the TAI list contains TA1 and TA2, and the CSG mobility list contains TA1. In alternative 2, the TA list contains MTA1 and MTA2, and the CSG mobility list contains CTA1, CTA2 and CTA3. In two cases, there is no obvious difference wrt the amount of TAU.

· Paging

The paging area is the current registration area including the TA list and the CSG mobility list. The basic unit of paging in alternative 1 is a TA for both of macro cells and CSG cells, and the basic unit of paging in alternative 2 is a TA (i.e. MTA) for macro cells and a CTA for CSG cells. There is no difference for paging in macro cells. If considering the number of CSG cells could be large, alternative 2 may consume less resource than alternative 1 for paging if CSG mobility list only contain less items, e.g. CTA1 and CTA2 only. In this case, the amount of TAU may be increase. However we can assume that if a UE camps in a CSG cells the user is in quite low mobility, e.g. home, school, if so, the resource of paging is the main point to consider.
· Requirements to MMEs
In alternative 1, there are no additional requirements to MMEs from network planning and control.  The MMEs just need to know TA level information without caring the type of cells too much. In alternative 2, The MMEs need to know two topologies of macro cells and CSG cells, and generate two mobility lists, i.e. the TA list and the CSG mobility list, separately. It may lead to more burden to the MMEs.

· TA identity coding and size

Now a TAI is 16 bit (65536 TAs maximum). In alternative 2, as a CTA is smaller than a MTA, so the size of CTA should be more than 16 bits if no reusing scheme is used.
· Flexibility of network planning of CSG cells

In alternative 1, TA planning is mainly based on macro eNodeBs, and planning of CSG cells needs to follow the TA planning of macro cells. In alternative 2, TA planning for CSG cells and Non-CSG cells are totally independent which give more flexibility to TA planning of CSG cells and helpful to solve the problems which have not been foreseen, as CSG cells planning and management is very new to 3GPP systems
	
	Alternative 1
	Alternative 2

	Tracking Area Update
	Controlled by TA list and CSG mobility list. The basic unit of TAU is a TA for both of mobility within macro cells and CSG cells.

There is no obvious and significant difference with alternative 2 wrt the amount of TAU.
	Controlled by TA list and CSG mobility list. The basic unit of TAU is a MTA for the mobility within macro cells and a CTA (probably smaller than a MTA) for the mobility with CSG cells.

	Paging
	The basic unit of paging in alternative 1 is a TA for both of macro cells and CSG cells. If the amount of CSG cells is large, the resource consumed by paging is more than alternative 2.
	The basic unit of paging in alternative 2 is a TA (i.e. MTA) for macro cells and a CTA(probably smaller than a MTA) for CSG cells.
Consuming less resource for paging in CSG cells.

	Requirements to MMEs
	There are no additional requirements to the MMEs from network planning and control, comparing with current MME behaviours for macro LTE cells.
	The MMEs need to know two topologies of macro cells and CSG cells, and generate two mobility lists, i.e. the TA list and the CSG mobility list, separately. It may lead to more burden to the MMEs.

	TA identity coding and size
	No changes to current TAI definition
	A new TAC space is needed with more bits.

	Flexibility of network planning of CSG cells
	TA planning of CSG cells is coupled with TA planning of non-CSG cells, which may lead to some limitations to CSG TA planning.
	TA planning of CSG cells and Non-CSG cells is independent which gives more flexibility to network planning and is helpful to solve some unforeseen problems

	Overlapped TAs
	No. every area is covered by only one TA.
	Overlapped TAs. Every area is covered by two impendent networks logically.


Home cell deployment is a quite new feature imported from Release 8. There are still many issues to be validated and improved by deploying them in real environments. Before that, we have many issues unclear, e.g. the possible amount of CSG cells, the possible mobility patterns in CSG cells, typical size of a TA, typical amount of CSG cells belonging to a CSG, etc. So the solution for CSG cells should be given enough independency with LTE macro cell, and we should leave enough flexibilities and extensibilities to the solution for CSG cells. 
The essential points between two alternatives are how to control the number of TAU/Paging and which one is easier to keep a good balance between TAU and Paging. If the size of tracking areas is small enough, e.g. at downtown areas, the benefits from the two alternatives are similar. At the moment, the size of TAC is 16 bits that mean 65535 TAs within a PLMN, the amount of 65535 TAs is enough to support many smaller TAs within a PLMN. Based on the assumption, it is preferred to have alternative 1 as the working assumption further as it is simpler and less requirements to MME, network planning and management.
Proposal 1: make a decision that CSG cells and Non-CSG cells share the same TA, and inform other related WGs about CT1’s preference, e.g. RAN2.
2. The relationship between TAs and CSG areas
A CSG area is defined as a collection of one more cells that have a common CSG id. A CSG area consists of one or more physical areas. However it is not specified that whether the physical areas belonging to a CSG area must be consecutive or could be discrete. In other words, it is not clear that whether all of TAs associated with a CSG ID must be consecutive in geography or not.
From NAS level, it is reasonable to assume that a CSG ID is a logical concept which could be mapped into a couple of inconsecutive TAs. For example, a CSG owned by a company have multiple CSG cells cross a country. In this case, the CSG ID can be mapped into multiple TAs in different physically areas. The CSG ID is in fact decoupled with physical areas. From CT1 point of view, it is reasonable that the assumption could provide more flexibility. However in other WGs which use the CSG ID, there may be different requirements. For example, in RAN2, CSG ID is used for automatic cell search/selection with some additional information, e.g. fingerprints. In this case, CSG ID may be coupled with physical areas, e.g. all of TAs associated with a CSG ID should be consecutive.
So to avoid possible mismatching of understanding about CSG ID, CT1 could send LS to related WGs to inform them of CT1’s considerations and ask for feedback.

Proposal 2: send an LS to RAN2 (may also to RAN3, SA2, SA1) to give CT1’s consideration about CSG ID and TAs, and ask for feedback.

Conclusion

If the proposal 1 and proposal 2 are agreed by CT1, Huawei volunteers to draft LSes to target WGs.
