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1 Introduction

CSG-cell identification was discussed in last RAN1 meeting, and the solutions are summarized in [1]

 REF _Ref204831966 \r \h 
[2]. However, there are still some remaining problems:

1) All existing RAN1 solutions in [2] involve with signaling modification on P-SCH and S-SCH. Doing so not only increases the complexity on SCH detection, but also degrades detection performance. To be worse, evaluation of such performance loss and search for remedy solution would delay LTE progress, as admitted in [1].
2) The best achievable target by solutions in [2] is the double of current identification space size, which is now 1008. This doubled space size is still limited when considering many residential and/or office CSG-cells in macro-cell, which could be likely to occur. Once the deployment of CSG-cells grows to an extent that the cell identification carried on CSG-cell’s SCH has to be reused within one macro-cell, the problem of ambiguous target cell-ID would arise when UE performs handoff from macro-cell to CSG-cell, unless it is mandatory for UE to read BCH of CSG-cell, which should be avoided as mentioned in [3]. 
This contribution is to inform RAN2 of a new PHY-layer solution that can achieve large identification space size for CSG-cell without above problems. 
2 Proposed solution 
2.1 Modification in PHY-layer
According to current LTE PHY specification [4], 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 < 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. 
[image: image38.wmf]i

A

s


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.
2.2 Two identification models
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.
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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, corresponding to the same sequence delay offset but different initial states which means 
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, are guaranteed to be different if 
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. In other words, in order to distinguish CSG-cells with the same cell-id, UE needs to detect identification signaling 
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 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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. So with the given mapping function in this proposal, the semi-static seed control model has almost the same requirement on M as dynamic full-control model. However, it provides much fewer choices on values of 
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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.
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Fig 3 Semi-static seed control model for CSG-cell identification
It should be noted that, the above-mentioned mapping function requires that certain network element such as CSG-server or overlaying macro-cell knows about the timing in each CSG-cell so that the initial state of above-mentioned m-sequence in CSG-cell can be controlled. However, it is not required that CSG-cells are synchronized either with each other or to macro-cell. 
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Table 1 Parameter relations for seed-controlled ID broadcast (for given mapping function)
Simplified model
If it is not feasible to dynamically control CSG-cell, nor to rely on the CSG-cell timing information availability, as the bottom line, 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]. 
2.3 Parameterized algorithm
No matter which identification broadcast model as in Fig 2 or Fig 3 is chosen, the whole identification extension performance is controlled by three parameters that should be known to UE, eNB’s in CSG-cells and eNB in serving macro-cell: 
a) N: The alphabet size in signature set 
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b) M: The number of detections (or equivalently detection windows) that is large enough to ensure network to unambiguously identify every CSG-cell. 
c) L: The number of frames per detection window for purpose of soft combination to improve detection performance.

The parameter pair <N,M> relates to total identification space size that increases as either N or M increases; the pair <N,L> determines the detection performance that can be enhanced by reducing N and/or increasing L; and the pair <M,L> determines the total time spent for detection which equals to M*L. Therefore, each of three parameters should be a trade-off between certain performance metrics. Because there can be various situations on number of CSG-cells per macro-cell and the tolerance on total detection time, it is reasonable to make these parameters or some of them configurable to fit in the specific application scenario. These parameters can be sent to UE from eNB of serving macro-cell, on either dedicated channel or common channels. It should be clarified that, with the mapping function given in this proposal for semi-static seed control model, the parameter m, which directly determines the total identification space extending ability, can be transparent to UE, but should be agreed between CSG-cell and network. 
There is one question left on how UE determines the starting instance of the detection window if CSG-cells are not required to time synchronized to overlaying macro-cell. There could be at least four ways to either solve or bypass this timing issue:

a) set one frame per detection window (L=1) at the cost of smaller N; or

b) adopt “simplified model” described above; or

c) UE performs blind detection for time window boundary; or
d) If the frame index (not frame symbol timing) of each CSG-cell can be controlled by network, the time window in all CSG-cells per macro-cell can be designed in such a way that the ending instances of these time windows fall into the same frame of that macro-cell. This is shown in Fig 1, where the time windows for CSG-cell A and B fall into the same macro-cell frame. With this condition, UE would know when the time window starts for the CSG-cell whose SCH is detected and locked by UE, since the UE knows about the frame index of macro-cell. 
3 Conclusions

It is our understanding that the proposed solution

a) Provides fairly large identification space with the ability to extend to an even larger identification space without changing the air interface protocol, so the knowledge of potential maximum number of CSG-cells per macro-cell is not so critical at this stage;

b) Has minimum impact to LTE Rel-8 because both SCH signalling and the cell identification philosophy for non-CSG-cell keeps unchanged. In addition, the cell-search and initial synchronization to CSG-cell when UE powers up in an CSG-cell is also not effected because in this case UE only needs to know cell-ID on SCH;

c) Keeps the implementation complexity in control when identifying one CSG-cell from a large identification space. The hardware complexity in UE is mainly determined by parameter N;
d) Compatible with CSG-cell that is either semi-statically or dynamically controlled by network;
e) Applies to both FDD and TDD in the same way.
We kindly ask RAN2 to consider the proposed method along with the others in [1]
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[2]. 
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