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Text Proposal of Rank-1 Pilot Selection for Femto ABS on Section 16.3.5.4.1
Chung-Lien Ho, Yan-Xiu Zheng, Chang-Lan Tsai, Yu-Chuan Fang
ITRI
1 Introduction
The contribution proposes the text of rank-1 pilot selection for Femto ABS to be included in the 802.16m AWD ([3]). The rank-1 pilot selection for Femto ABS is proposed to mitigate the pilot collision among neighboring Femto ABSs for transmissions with one stream and neighboring macro ABSs for transmissions with one stream or two streams. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D8 ([1]); it is compliant to the 802.16m SRD ([2])).
2 Base Station Types
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Figure 1: BS types (hierarchical structure) in 16m.

In 16m D4, each cell ID has an integer value IDcell from 0 to 767. The IDcell is defined by segment index and an index per segment as follows:
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where n is the index of SA-Preamble carrier-set 0, 1 and 2 representing segment ID, and
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with q being a running index 0 to 255.
SA-Preamble sequences are partitioned and each partition is dedicated to specific BS type like Macrocell ABS, Macro Hotzone ABS, or Femto ABS. The BS types may be categorized into macro ABS and non-macro ABS cells by hard partition with 258 sequences (86 sequences per segment * 3 segments) dedicated for macro ABS. The non-macro ABS information is broadcasted in hierarchical structure. Non-macro ABS cell type is partitioned as public and CSG-femto BSs. The non-macro ABS BSs can be further categorized different types, such as: hotzone, relay, OSG-femto BSs and etc. The CSG femto BSs can be further categorized, such as: CSG-closed and CSG-open BSs, as shown in Figure 1. In the following, we assume that Cell ID of CSG Femto ranges from z to 255, where z = 169.
3 Rank-1 Pilot Selection for Macrocell-Only Network
At Session #65 IEEE meeting, rank-1 pilot pattern set as shown in Figure 2 is determined by the IDcell for support of macrocell ABSs. As depicted in Figure 2, 6 pilot patterns are used and categorized into 3 interlaced pilot pattern sets (in x-axis direction) for different ABSs and further 2 pilot pattern stream sets (in y-axis direction).

The associated rank-1 pilot selection is determined as a function of Cell ID k as follows
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Based on (3), the deployment of pilot selection over several cells is illustrated in Figure 3. From Figure 3, we can see that all “same” pilot pattern stream sets (i.e., s0 and s1) may be simultaneously used in a 3-sector cell (e.g., Cell ID 0, 256 and 512).
[image: image5.emf]
Figure 2: Interlaced pilot patterns for 1 data stream outside the open-loop region [3].
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Figure 3: Deployment of rank-1 pilot selection method.

4 Proposed Rank-1 Femtocell Pilot Selection for Macro-Femto Hybrid Network
In this section, the rank-1 pilot pattern selection method for support of Macro-Femto hybrid transmission network is proposed. Actually, the proposed method can be applied to current rank-1 pilot selection schemes to mitigate the pilot collision among neighboring Femto ABSs for transmissions with one stream and neighboring macro ABSs for transmissions with one or two streams. The basic design philosophy of proposed method is to use the different rank-1 pilot pattern from its overlay macrocell’s rank-1 and/or rank-2 pilot patterns.
4.1 Pilot Pattern Selection Algorithm
The proposed pilot selection algorithm for support of macro-femto hybrid transmission networks is summarized as follows:

· Step 1: Select the femtocell’s Cell ID k as
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) is the femtocell segment index with n being the macrocell segment index in (1), and Idx is the selected based on (2) such that IDcell in (4) belongs to femto ABS. In (5), the femtocell segment index i can be chosen as follows
· Mode 0: 
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· Mode 1: 
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where Mode 0 is the base mode used at the initial stage, and Mode 1 may be used if available when the same pilot pattern is used by the neighboring femtocells.

· Step 2: Select the interlaced pilot pattern set based on its Cell ID k in (4) as
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· Step 3: Select the pilot pattern stream set based on its Cell-ID k in (4) as
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From (5)-(7), the proposed femtocell rank-1 pilot pattern selection scheme is the exactly same as the current macrocell rank-1 pilot pattern selection scheme except the Cell ID selection. In our proposed method, the femtocell Cell ID selection is done based on the given macrocell Cell ID, and two modes for the Cell ID selection is also proposed to avoid the interference caused by the possible pilot collision among femtocells.

The overall signal processing of the proposed pilot pattern selection algorithm is depicted in Figure 4. First, the femtocell segment index is chosen based on the given marcocell segment index using the base mode (Mode 0). With femtocell segment index obtained, the femtocell’s rank-1 pilot pattern can be calculated via the proposed pilot selection engine as shown in Figure 5. The pilot selection engine with the input i (femtocell segment index) and output pk and sk (rank-1 pilot pattern) has three main processing steps including the femtocell Cell ID k selection, interlaced pilot pattern set pk selection and pilot pattern stream set sk selection. Note that the interlaced pilot pattern set pk and pilot pattern stream set sk are computed based on the femtocell Cell ID. Next, determine whether the selected pilot pattern is the same as that of neighboring femtocells. If no, the pilot pattern selection is done, or re-chooses the femtocell segment index using Mode 1 and then goes to the pilot selection engine to regenerate the femtocell’s rank-1 pilot pattern.

[image: image14.emf]Whether the selected pilot pattern

is used by neighboring femtocells

Select femtocell’s segment ID

 

 

mod1,3 in



Yes

Select femtocell’s segment ID

 

 

mod1,3 in



No

Pilot selection engine

i

, kk

ps

Determine pilot pattern used by neighboring femtocells

i

Whether the selected pilot pattern

is used by neighboring femtocells

Select femtocell’s segment ID

 

 

mod1,3 in



Yes

Select femtocell’s segment ID

 

 

mod1,3 in



No

Pilot selection engine

i

, kk

ps

Determine pilot pattern used by neighboring femtocells

i


Figure 4: Signal processing of the proposed femcell rank-1 pilot selection algorithm.
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Figure 5: Proposed pilot selection engine.

4.2 Examples of Proposed Pilot Pattern Selection
· Example 1: Femtocells are close to their overlay Macro ABS
When Femtocells are close to their overlay Macro ABS, both cross-tier (femto-macro) and intra-tier (femto-femto) interferers may be arisen in pilot transmission as shown in Figure 6.
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Figure 6: Illustration of Example 1 of the proposed pilot pattern selection.

· Example 2: Femtocells are very close to their overlay Macro ABSs
When Femtocells are very close to their overlay Macro ABSs, again both cross-tier (femto-macro) and intra-tier (femto-femto) interferers may be arisen in pilot transmission as shown in Figure 7. Note that Example 2 rarely occurs because the femtocells in general are deployed at the macrocell’s cell edge for coverage enhancement.
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Figure 7: Illustration of Example 2 of the proposed pilot pattern selection.

· Example 3: Femtocells are near their overlay Macro ABSs’ cell edge
When Femtocells are near their overlay Macro ABSs’ cell edge, again both cross-tier (femto-macro) and intra-tier (femto-femto) interferers may be arisen in pilot transmission as shown in Figure 8. Note that Example 3 often occurs because the femtocells in general are deployed at the macrocell’s cell edge for coverage enhancement.
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Figure 8: Illustration of Example 3 of the proposed pilot pattern selection.
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6 Text proposal for inclusion in the 802.16m AWD (D4)
------------------------------------------------------------ Text Start ------------------------------------------------------------
Add the following text on line 4 of page 395 in Section 16.3.5.4.1 of D4:

For the support of Macro-Femto hybrid network, different rank-1 pilot pattern of the Femto ABS from its overlay Macrocell’s rank-1 and/or rank-2 pilot patterns and its neighboring Femtocell’s rank-1 pilot patterns can be used to mitigate the pilot collision among its overlay Macro ABS and neighboring Femto ABSs. The rank-1 pilot pattern of the Femto ABS can be selected based on its Cell ID (IDcell = k) according to the following equation:
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where i = mod((n + 1), 3) (or i = mod((n  1), 3)) is the Femtocell segment index with n being the Macrocell segment index, and 
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 is selected such that Cell ID k belongs to Femto ABS. The Femtocell segment index i can be chosen as, for example, Figure xxx.
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Figure xxx—Femtocell rank-1 pilot pattern selection procedure.

First, the femtocell segment index is chosen based on the given macrocell segment index i as following equation:
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With femtocell segment index i obtained, the femtocell’s rank-1 pilot pattern can be determined via a pilot selection engine with input i (femtocell segment index) and output pk and sk (rank-1 pilot pattern), including the Cell ID k selection, interlaced pilot pattern set pk selection and pilot pattern stream set sk selection, where pk = floor(k/256) and sk = mod(k, 2). Next, determine whether the selected pilot pattern is the same as that of neighboring femtocells. If no, the pilot pattern selection is completed, or re-chooses the femtocell segment index i as following equation:
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and then goes to the pilot selection engine to regenerate the femtocell’s rank-1 pilot pattern.
------------------------------------------------------------- Text End -------------------------------------------------------------
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