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1.  Introduction
In UMTS each cell/sector is distinguished by a unique scrambling code. A similar identifier would be necessary in LTE to distinguish different cells/sectors. Although such identifier is yet to be determined, allocation of identifiers to cells/sectors and configuration of the neighbour list are worth being studied. This document discusses allocation of such identifiers to cells/sectors in LTE, and further discusses neighbour list broadcasting. Note that the term “cell” is used to refer to a sector that is operating at a frequency band in this document.
2.  Discussion
2.1  Scenario A: in case cell identifiers are similar to UTRAN
In UMTS scrambling codes identify cells, and neighbour lists are composed of the scrambling code of each neighbouring cell that is to be included in the list. Note that this includes cells of the same NodeB. The number of cells that can be included in a neighbour list is limited to 32 intra-frequency cells, 32 inter-frequency cells, and 32 inter-RAT cells. The neighbour list (SIB11/12) takes up considerable amount of the total broadcast information, hence requiring some time to read the SIB. Moreover, R2-060487 [1] addressed that all 96 cells cannot be broadcast due to the SIB size limitation. A similar scenario can be considered in LTE, should a similar identifier (e.g., scrambling code) be allocated per cell. Although LTE has a wider spectrum bandwidth of up to 20 MHz, this does not necessarily mean that system information broadcast can be faster in LTE, since the minimum UE capability has to be taken into account. Hence, reduction of the neighbour list information is desirable.
As such, we propose to apply the following rules in LTE:

1. Divide cell identifiers (codes, hereafter) C0, C1, ... into groups Gi = {CMi, CMi+1, ... CM(i+1)-1}.

2. Allocate a code group per eNB.

3. Always map CMi to sector 1, CMi+1 to sector 2, and so on.

4. Indicate in the neighbour list only the group id G and the number of sectors m per neighbouring eNB.
The rules 1 ~ 3 are to pre-define a grouping/mapping table as shown in Table 1. The number of groups N and the number of codes per group M, are the parameters that are to be standardised. Under the proposed rules, the broadcast information can be reduced nearly by a factor of m. For example, using a neighbour list that indicates (G0, m = 6), the UE can immediately know that C0 ~ C5 are nearby, especially C2 and C4 once C3 is detected (note that M > 6 is assumed). Hence, even though the amount of broadcast information is reduced compared to the case when each of the codes C0 ~ C5 are broadcast (as in UTRAN), the cell search performance should not be degraded considerably.

Table 1.  Example of cell identifier grouping and mapping onto cells of the same eNB.

	Cell ID
	1
	2
	3
	4
	...
	M

	Group
	G0
	C0
	C1
	C2
	C3
	...
	CM-1

	
	G1
	CM
	CM+1
	CM+2
	CM+3
	...
	C2M-1

	
	G2
	C2M
	C2M+1
	C2M+2
	C2M+3
	...
	C3M-1

	
	...
	...
	...
	...
	...
	...
	...

	
	GN-1
	CNM
	CNM+1
	CNM+2
	CNM+3
	...
	CNM-1


An example scenario is shown in Fig. 1(a), assuming M = 10. Each eNB is allocated a group, and within each eNB the codes are allocated in the clockwise order. The sector denoted C15 broadcasts the neighbour list {(G0, m = 6), (G2, m = 6), ...}. Then, a UE in the sector immediately knows that C0 ~ C5 and C20 ~ C25 are nearby, only by receiving the broadcast from C15. With this scheme, the sectors of the same eNB can transmit the same neighbour list, hence opening the possibility of combining the broadcast information of different sectors at the receiver. This will allow reduction of the transmission power for the neighbour list broadcast.
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(a)                                        (b)
Fig. 1  Example of cell code allocation and neighbour list broadcasting for scenario A.
A slightly different alternative is to apply the following rule instead of the previous rule 4.

4'. Indicate in the neighbour list only the code id C (of the sector that handover is most likely to happen) along with the number of sectors m per neighbouring eNB.

An example scenario is shown in Fig. 1(b). The sector C15 broadcasts the neighbour list {(C2, m = 6), (C21, m = 6), ...}. The code C2 is chosen among C0 ~ C5 since C2 is the sector that faces C15, hence handover is most likely to happen. Similarly, C21 is chosen among C20 ~ C25 since C21 is facing toward C15. The UE, upon reception of the neighbour list from C15, knows that C2 and C21 are the main neighbours. At the same time, the UE is able to figure out that C1, C3, C20, and C22 are the next neighbours, while also knowing that C0, C4, C5, C23, C24, and C25 are close by as well. Hence, the UE can detect neighbour cells efficiently, by setting priorities in searching. With this option the UE is assisted with more explicit information (more than just the group id G), hence facilitating cell search. However, broadcast combining is not possible since each sector broadcasts a different neighbour list.
2.2  Scenario B: possible LTE variant
The exact form of cell codes in LTE is yet to be determined. A likely possibility is that each eNB is given a unique scrambling code, and within each eNB, each cell (sector) is given a short code (e.g., orthogonal pilot pattern). The number of short codes is likely to be limited (as they are to be orthogonal, if possible), and may be reused in every eNB. Hence, letting G represent the scrambling code and C represent the short code, the code allocation can be exemplified by Fig. 2. In this case, the cell (sector) identified by (G1, C5) can broadcast a neighbour list in the form {(G0, C2, M = 6), (G2, C1, M = 6), ...}. This indicates explicitly to the UE that (G0, C2) and (G2, C1) are the “first tier” neighbours. At the same time, the UE comprehends that (G0, C1), (G0, C3), (G2, C0), and (G2, C2) are the “second tier” neighbours, while also knowing that (G0, C0), (G0, C4), (G0, C5), (G2, C3), (G2, C4), and (G2, C5) are around. Therefore, although the amount of broadcast information is significantly reduced, the UE can be aware of the “hidden” codes not explicitly indicated in the broadcast.
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Fig. 2  Example of cell code allocation and neighbour list broadcasting for scenario B.
Note that instead, only the group id G and m can be broadcast (as in Fig. 1(a)). This will allow neighbour list unification and combining among the cells of the same eNB.
2.3  Several concerns to be studied

The schemes described in 2.1 and 2.2 are very effective in reducing the broadcast information, which is vital in shortening various procedural delays and saving downlink resources. However, several concerns need to be assessed:

1. What are the cell identifiers (codes) in LTE?

2. What is the feasibility of self-developing the neighbour list by comprehending the broadcast information in the UE?

3. Is there any limitation on deployment?

Regarding the first question, RAN1 is to study further to identify the code structure. The second concern is simply a matter of implementation, and does not seem to be of a critical issue. The main issue that needs to be studied is the third concern. The rules presented in 2.1 and 2.2 would be effective when the cells are “regular macrocells” as often seen in 2G and 3G networks. An issue may arise when the antennas (of the same eNB) are distributed using optical fibres, for example, hence no longer forming disciplined “sectors” but rather a jumble. However, it is expected that distributed antennas of the same eNB are located to cover a continuous area, without much interleaving with cells of other eNBs. Hence, the proposed scheme would be effective. If in a special case where distributed cells are “spotty,” a different code group may be allocated to such “spots,” hence making the spot to be seen as a separate eNB.
3.  Conclusions

Cell code allocation and neighbour list broadcasting were discussed, and proposals to reduce the broadcast information were made.
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