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1 Introduction

In this contribution we share with RAN2 our views on CSG-cell identification and also inform RAN2 of a new PHY-layer solution besides those in [1]

 REF _Ref204831966 \r \h 
[2]. 
2 Our views on CSG-cell identification

Though RAN2 may have agreed that UE can read BCCH of target CSG-cell for CGI information under idle mode for cell (re)selection, we believe UE should not do so when in connection mode due to service interrupt, latency and etc. 

Proposal 1: When performing handoff from macro-cell to CSG-cell in connection mode, UE should not read BCCH of target CSG-cell to determine the target cell identification.
There can be three identification types that are applied to each CSG cell at the same time. 
a) IP address: because the deployment of CSG-cell (or so-called femto cell) may be started with attaching to DSL or cable modem, eNB of CSG-cell needs either static or dynamic IP to establish a connection to backhaul network. This IP-related mechanism is not something we can change. However, it should be noted as a fact that the IP address, as one type of identification, may change over time even during one CSG-cell power-up session. 
b) CGI: as RAN2 agreed in [3], CGI should be a static identification that is not changed even after CSG-cell reboots, so that UE can know if it travels back to its home CSG-cell. 
c) PCI: it is agreed in [3] that PCI can be determined by CSG-cell eNB itself autonomously at the time of power up so that it is not interfered by neighboring cells. On the other hand, because it is impossible for each CSG-cell to know whether the PCI it chooses is unique within the macro-cell coverage, in order to solve the ambiguous hand-in (macro-cell to CSG-cell) targets problem in physical layer (i.e., without reading CGI from BCCH), it is necessary for the network to be involved in the PCI assignment. Therefore, the PCI should be a combination of two parts: one is determined by CSG-cell itself to avoid local interference with neighboring cells, another is determined by network to make the combined identification unambiguous within the macro-cell. 
Proposal 2: PCI should be a combination of two parts: one is determined by CSG-cell itself to avoid local interference with neighboring cells, another is determined by network to make the combined identification unambiguous within the macro-cell.
From the network management point of view, the network should maintain the association between possibly dynamic PCI and static CGI for each CSG-cell. 
Proposal 3: Network maintains association between PCI and CGI for each CSG-cell.
As for the design of PCI for CSG-cell, two standard developing paths are proposed so far. 

1) PCI reservation [4]: A configurable number of the existing PCI’s are exclusively used for CSG-cell. This method avoids the delay of the standardization schedule and timeline for availability of UE. However, the range of this “configurable” number and the impact to Rel-8 deployment remain unclear. In addition, this method can hardly solve the PCI collision problem because of limited identification space. 
2) PCI extension [2]: The total PCI space is extended to hold identification sharing pool between CSG-cell and non-CSG-cell. Some physical layer methods are proposed in last RAN1 meeting. This method offers larger identification space, however, by paying following costs:
a) All solutions in [2] involve with signaling modification on P-SCH and S-SCH, which not only increases the complexity on SCH detection, but also degrades performances on PCI detection as well as the timing/frequency synchronization. To be worse, evaluation of such performance loss and search for remedy solution would delay LTE progress, as admitted in [1].

b) The best achievable target by solutions in [2] is the double of current identification space size, which is 1008 now but still limited to solve the PCI collision problem without reading BCCH of target CSG-cell.
We think PCI extension solutions in [2] might pay too much on the LTE schedule as well as the system performance, compared to what is gained from these solutions. 
The disadvantages of above two classes of method should not limit RAN2’s consideration scope when making decisions on CSG-cell identification. We would like to inform RAN2 of existence of some other solution [5] (also briefly described in appendix) that belongs to PCI extension class and can 
a) Provide fairly large identification space with the ability to extend to an even larger identification space, so the knowledge of potential maximum number of CSG-cells per macro-cell is not so critical;

b) Have minimum impact to LTE Rel-8 in terms of that air interface is not changed for non-CSG-cell, and that all existing used PHY-signaling in Rel-8 is not changed;

c) Keep the implementation complexity in UE under control when identifying one CSG-cell from a large identification space;

d) Apply to both FDD and TDD in the same way.
Proposal 4: The following criteria should be considered on the way forward to determine CSG-cell identification mechanism: scalability of PCI space, impact to LTE Rel-8 schedule, implementation complexity in UE, and commonality between FDD and TDD. 
3 Conclusions

We propose that
1) When performing handoff from macro-cell to CSG-cell in connection mode, UE should not read BCCH of target CSG-cell to determine the target cell identification.
2) PCI should be a combination of two parts: one is determined by CSG-cell itself to avoid local interference with neighboring cells, another is determined by network to make the combined identification unambiguous within the macro-cell.
3) Network maintains association between PCI and CGI for each CSG-cell.
4) The following criteria should be considered on the way forward for studying CSG-cell identification: scalability of PCI space, impact to LTE Rel-8 schedule, implementation complexity in UE, as well as commonality between FDD and TDD.

We also kindly ask RAN2 to take solution in [5] (also in appendix) into consideration when making decisions based upon other RAN1 solutions from [2]. 
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Appendix 
According to current LTE PHY specification [6], when eNB sends P-SCH and S-SCH, there are 10 reserved subcarriers per SCH time symbol, which contribute to 40 unused subcarriers per radio frame. It is proposed that CSG-cells use these unused subcarriers to carry certain sequence 
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 have low cross-correlations. For non-CSG-cells, these reserved subcarriers keep unused. Therefore, by detecting the existence of sequence over these subcarriers, UE would know whether the target cell in CSG-cell or not. 
Meanwhile, the sequence s transmitted from one CSG-cell can change over time. When UE moves into CSG-cell k and detects its SCH, UE may further detect the signature sequence s on subcarriers aside SCH, and report the detection result PCI=< cell-idk, 
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> along with the handoff request to the serving macro-cell, where cell-idk is the identification carried on SCH of this CSG-cell. UE would continue such detection and report until it receives further handoff direction from serving eNB in macro-cell. On the macro-cell side, after receiving the detection report from UE, the macro-cell eNB (with assistance from other network elements) would determine whether this report plus previous reports from the same UE can unambiguously identify one CSG-cell. If yes, eNB would invoke the handoff procedure and send handoff command to UE; otherwise, eNB would wait for further reports from UE. This procedure is illustrated in Fig 1. 
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Fig 1 Example of CSG-cell identification
Assume the eNB in serving macro-cell waits for and combines M reports from UE into one identification form <cell-idk, 
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. It is obvious that, <cell-idk, 
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> can be treated as the full identification of CSG-cell k, as long as for given M, there is no such j and k that 
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 as M increases, which means the identification space can be extended in various scalabilities by changing M.
With the mathematics principle given above, there are two models when it comes to the method for CSG-cell to determine which signature sequence s should be transmitted. 
Dynamic full-control model
In dynamic full-control model as shown in Fig 2, the network elements such as macro-cell or CSG-sever can dynamically inform each CSG-cell of 
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 that should be broadcast. Under this model, because CSG-cell may broadcast anyone of N signature sequences, the total identification space size for CSG-cell is limited by 
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 is the identification space size on cell-id that is carried on SCH. If the target to increase CSG-cell identification space is W times on top of space provided by cell-id carried on SCH, M should satisfy 
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Fig 2 Dynamic full-control model for CSG-cell identification
Semi-static seed control model

If it is not feasible for network to dynamically determine 
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 for each CSG-cell, CSG-cell can autonomously generate 
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 according to a mapping function whose certain semi-static parameter, defined as seed, is controlled by network elements such as CSG-server or overlaying macro-cell. Because such mapping function 
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 is desirable to be a one-to-one mapping, the full identification in form of <cell-idk, 
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> is equivalent to <cell-idk, seedk>. This semi-static seed control model is shown in Fig 3.
[image: image39.wmf]A

S


Fig 3 Semi-static seed control model for CSG-cell identification
The key problem in semi-static seed control model is the determination of mapping function f.  This contribution gives one implementation of the mapping function as below though there could be other implementations that also work. Assume the seed is in binary form of m bits and only takes non-zero values, and each non-zero seed maps to an initial state (or equivalently to a cyclic delay or state mask) of a maximum-length sequence (m-sequence) generator constructed by m shift registers. Group every 
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 consecutive binary bits from the generator output and make into an integer so that the overall generator output binary stream maps to an integer series represented by 
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, which is the mapping function output. According to the m-sequence property, any two series of same length M, 
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. In other words, in order to distinguish CSG-cells with the same cell-id, UE needs to detect identification signaling 
[image: image24.wmf]i

k

s

 from 
[image: image25.wmf]ú

ú

ù

ê

ê

é

³

n

m

M

 consecutive detection windows. For this scenario, bundling M continuous detection results from UE to serving macro-cell makes more sense. It can be derived from Mersenne Prime 
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. Table 1 shows the relation between certain identification space targets and M. Just like dynamic full-control model, for given N, slightly increasing M can result in much larger identification space.
	Total ID space size
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Table 1 Parameter relations for seed-controlled ID broadcast (for given mapping function)
Simplified model
There is one simplified version of control strategy that is the special case of either model given previously: each CSG-cell is assigned one of N signature sequences (one kind of seed) and constantly sends that sequence over time. Therefore the total identification space size is 
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, which can still be easily larger than that of existing solutions in [2].
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