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1. Introduction
Home Node B (HNB) is a Node B (NB) which is deployed, e.g., at home or office and with which only user equipments (UEs) having permission can connect. In RAN WG2, HNBs are also referred to as Closed Subscriber Group (CSG) cells [1]. A possible problem in HNB is that it may cause unnecessary signaling and additional delay in handover to the UEs without permission. This paper describes the problem in HNB and proposes a solution for it.
2. Problem and Solutions in HNB
In the current specification, how the UE can recognize HNB is yet unclear. If the UE does not have any prior knowledge about HNBs or cannot detect HNBs by its own, the UE without permission to the HNB would unnecessarily send Measurement Reports about HNB for handovers. This may cause unnecessary signaling and additional delay in handover to the UEs without permission. From this point of view, we describe some approaches for HNB below.
(1) Method 1: Handover control without HNB information (Fig. 1)
The NB just broadcasts a flag whether it is HNB or not.

· The NB only knows whether the NB itself is HNB or not.
· The UE does not have any information on HNB in advance.

· In handover, the UE sends a Measurement Report on the target NB.
· The serving NB requests a handover to the target NB without being aware whether the target NB is HNB or not.
· The target NB responds with a handover reject, as the UE is not permitted to access the target NB.
· Then, the serving NB needs to request handover to another NB included in the Measurement Report from the UE, causing additional delay in handover. Alternatively, the serving NB can wait for another Measurement Report, if no valid NB was included in the Measurement Report.
This method causes unnecessary signaling and additional delay in handover.
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Figure 1 – Handover control without HNB information
(2) Method 2: Neighboring cell list (NCL) based control in NB (no signaling NCL to UE) (Fig. 2)
The NB maintains an NCL of HNBs but does not signal the NCL to the UE.

· The NB knows which neighboring NBs are HNBs.

· The UE does not have any information on HNB in advance.

· In handover, the UE sends Measurement Report on the target NB.
· The serving NB does not allow the UE to handover to the target NB.
This method can avoid unnecessary delay in handover comparing to Method 1. However, this method still causes unnecessary Measurement Report over the air similar to Method 1.
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Figure 2 – NCL based control in NB (no signaling NCL to UE)
(3) Method 3: NCL based control in UE (signaling NCL to UE) (Fig. 3)
The NB maintains an NCL of HNBs and signals the NCL to the UE through the BCH or DCCH.

· The NB knows which neighboring NBs are HNBs (more precisely, which cell IDs are used for HNBs).
· The UE knows which neighboring NBs are HNBs from NCL in advance (more precisely, which cell IDs are used for HNBs).

· In handover, the UE does not send Measurement Report on the HNBs to which that the UE is not allowed to connect.
This method can avoid unnecessary signaling and additional delay in handover. In this method, we can consider two possibilities whether the UE knows its own HNB’s cell ID or not. If UE knows its HNB’s cell ID in advance, the NCL signaled does not need to indicate which UEs can connect to respective HNBs (cell IDs for HNBs). Meanwhile, if UE does not know its HNB’s cell ID in advance, the NCL signaled should include the information on which UEs can connect to respective HNBs (cell IDs for HNBs). In this method, the operator can flexibly allocate set of cell IDs for HNBs at the cost of the usage of NCL signaling.
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Figure 3 – NCL based control at UE (signaling NCL to UE)
(4) Method 4: Cell ID based control (defining cell IDs exclusively used for HNBs) (Fig. 4)
The specification defines the cell IDs exclusively used for HNBs.

· The NB knows which neighboring NBs are HNBs.
· The UE knows which neighboring NBs are HNBs from the cell ID.

· The UE also needs to know the cell ID of its own HNB.

· In handover, the UE does not send Measurement Report on the HNBs.

This method can avoid unnecessary signaling and additional delay in handover similar to Method 3. This method does not need NCL signaling in contrast to Method 3. However, the cell IDs for HNB should be predetermined by specification.
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Figure 4 – Cell ID based control at UE (defining cell ID exclusively used for HNBs)
From the discussion above, Methods (3) and (4) seem promising, since it does not cause unnecessary signaling of Measurement Report to the serving NB and additional delay in handover.
3. Definition of Cell IDs for HNBs
We describe definition schemes of cell IDs for HNBs.

Figure 5(a) shows an example in which a range of cell IDs are exclusively reserved for HNBs. Since the cell IDs for HNBs include cell IDs corresponding to three P-SCH sequences, HNBs can also utilize the merit of multiple P-SCH sequences. The total number of cell IDs can be kept to 510 or can be increased if foreseen necessary. The cell IDs for HNBs can be defined in the specification in Method 4 or broadcasted as system information (NCL) in Method 3.

Figure 5(b) shows another example in which all cell IDs corresponding to one P-SCH sequence are exclusively assigned to HNBs. The UE can distinguish HNBs from other NBs even at the SCH timing detection, i.e., P-SCH correlation detection, and the P-SCH sequence does not collide between HNBs and non-HNBs. The cell IDs for HNBs can be defined in the specification in Method 4 or broadcasted as system information in Method 3. However, it is required to increase the number of P-SCH sequences from three so that three P-SCH sequences can be used for non-HNBs.

Considering the impact on the current specification, our preference is the first option in Fig. 5(a).
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(a) Reserving a range of cell IDs
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(b) Reserving all cell IDs corresponding to a P-SCH sequence

Figure 5 – Assignment of cell IDs to HNBs
4. Conclusion

This contribution described potential problems of HNBs and presented a solution:
· A range of cell IDs exclusively reserved for HNBs are defined.
· The range of cell IDs for HNBs are defined in the specification or broadcasted as NCL.
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