3GPP TSG RAN WG1 50
                                            R1-073434
Athens, Greece, 20 – 24 August, 2007
Source: 

Texas Instruments
Title:
Secondary SCH Mapping and Scrambling
Agenda Item:

7.2.7
Document for:
Discussion and Decision
1. Introduction
In RAN1#49bis, a secondary SYNC code (SSC) structure composed of 2 segments of M-sequence was agreed upon along with two types of scrambling: 

1. PSC-based scrambling: The use of PSC-based scrambling is affective in randomizing the interfering S-SCH signals associated with different PSC’s but with at least one identical SSC segment [1]. 
2. An additional scrambling of the second SSC segment based on the first SSC segment was also agreed with the details FFS [2]. The motivation of the second scrambling is to avoid “ambiguity” during the neighboring cell search when multiple M-sequences are detected for each of the 2 SSC segments. For example, if two M-sequences are detected for each segment, there are a total of 4 possibilities where some of which may not be valid [3].
In addition to the ambiguity problem for the neighboring cell search, the so-called “SSC collision” problem was also addressed in [4, 5]. Here, “collision” is defined when one (and only one) of the SSC segments is identical for several SSC sequences. A remapping scheme was proposed in [4] where the SSC mapping for the second S-SCH symbol in each frame is altered to avoid collision in both S-SCH symbols. Note that the swapped mapping in [6, 7] can be thought as a special case of the remapping scheme although it does not solve the collision problem as it is intended only to signal the frame timing. 
While the PSC-based scrambling can be easily decided, the choice of the second scrambling is conditioned upon the choice of S-SCH mapping. 
In this contribution, we study the ambiguity and collision problems in relation to scrambling and remapping. The choice of scrambling is also studied in conjunction to mapping. 
2. SSC Detection Ambiguity and Collision in Neighboring Cell Search
We now look into the ambiguity [3] and collision [4] problems by first identifying different combinations of PSC, SSC1 (segment 1), and SSC2 (segment 2). Assume a neighboring cell search scenario in synchronous network with 2 cell IDs associated with (PSC, SSC1, SSC2) = (Pa, S1a, S2a) and (Pb, S1b, S2b). There are 8 possible scenarios (see Figure 1 and Table 1).   
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Figure 1. Neighboring cell search scenario
Table 1. 8 scenarios for PSC, SSC1, SSC2 triplet

	No.
	Pa & Pb
	S1a & S1b
	S2a & S2b
	Problem

	1
	Same
	Same
	Same
	n/a

	2
	Same
	Same
	Different
	Collision + Phase mismatch

	3
	Same
	Different
	Same
	Collision + Phase mismatch

	4
	Same
	Different
	Different
	Ambiguity + Phase mismatch

	5
	Different
	Same
	Same
	Phase mismatch

	6
	Different
	Same
	Different
	Collision + Phase mismatch

	7
	Different
	Different
	Same
	Collision + Phase mismatch

	8
	Different
	Different
	Different
	Ambiguity + Phase mismatch


By further analyzing the above table and the definitions, we find that:

1. When collision occurs (only 1 segment is the same), ambiguity does not occur since ambiguity requires the two segments be different. The converse also holds. Hence, collision and ambiguity are two disjoint problems.
2. Phase mismatch occurs whenever the channel seen by the PSC is significantly different from that seen by at least 1 segment of the SSC. Here, phase mismatch is defined in the context of the two cell IDs in the neighboring cells. 
3. Other than the increase in phase mismatch, collision in the SSC design results in a lower minimum distance for the overall SSC. 
4. To avoid a particular ambiguity, the other two cross combinations must not be valid. That is, if the two SSCs are {X1, X2) and (Y1, Y2) with X1≠Y1 and X2≠Y2, the cross combinations (X1, Y2) and (X2, Y1) must not be valid SSCs codes. To fully avoid ambiguity and collision, there must be a 1-to-1 correspondence between segment 1 and segment 2 of the SSC.
5. Scenario 1 can happen due to a poor/incidental cell ID assignment in which there is nothing to be done. Scenario 2, 3, and 4 are typically second-tier interference at best assuming a reasonable cell ID assignment. Scenario 5, 6, 7, and 8 correspond to first-tier interference and hence are the most relevant scenarios.
6. The first PSC-based scrambling mitigates the ambiguity and collision in scenario 5, 6, 7, and 8. This is because the colliding and interfering S-SCH signals are suppressed after descrambling due to their different PSCs. The suppression effect is also enhanced by the use of coherent SSC detection since the different channels experienced by the two SSCs are now used to separate the SSCs.
From observation 4, since there are a total of 170 cell ID groups and only 31 M-sequences per segment, it is infeasible to fully avoid ambiguity with any mapping scheme (including remapping) within each 5-ms time epoch (one S-SCH symbol). Hence, the second scrambling must be used to avoid ambiguity. Note that the remapping scheme proposed in [5] is designed to avoid 2 consecutive collisions which essentially increases the minimum distance across 2 consecutive S-SCH symbols. This does not solve the ambiguity problem (see observation 1) although it improves the detection performance if more than one S-SCH symbols are used for cell ID detection. In addition, from observation 5 and 6, we can conclude that:
· The PSC-based scrambling on both segments should be sufficient for mitigating the most relevant ambiguity and collision scenarios. This assumes a reasonable cell ID assignment.
· To anticipate poor cell ID assignment, the second scrambling (as proposed in [3]) can be employed to remove the ambiguity problem.
 This second scrambling is applicable to any mapping scheme. 
· If some more improvement is desired, the remapping scheme (as proposed in [4]) can be utilized on top of the two scrambling operations to improve the distance property of the SSC over 2 consecutive S-SCH symbols. Otherwise, a simple mapping scheme should be utilized. 
3. S-SCH Mapping-Scrambling Scheme
First, we discuss the choice of the first PSC-based scrambling sequences. Since there is no particular reason to employ a short (length-31) scrambling sequence, longer sequences (length-62) should be chosen. For example, the three PSC-based scrambling sequences can be obtained from three length-63 PN sequences truncated by 1 sample. Note that the scrambling sequences were decided to be binary-valued.
To select the second SSC-dependent scrambling codes, we identify the required number of sequences. This depends on the mapping scheme. Once the required number of sequences is identified, any set of binary sequences can be used. Denote the number of M-sequences for segment 1 and 2 as N1 and N2, respectively.
1. For the simple mapping, N1xN2 must be slightly larger than 340 since the frame timing is encoded in the SSC. 

2. The remapping scheme requires N1xN2 to be slightly larger than 170 since the frame timing is indicated by the different SSC mappings for the two consecutive S-SCH symbols.  

While the remapping scheme requires smaller N1xN2, it does not imply that the SSC detection complexity is lower compared to the simple mapping scheme. This is because the total number of hypotheses is still the same within each S-SCH symbol.

For a given mapping scheme, we consider two choices of (N1, N2):

1. Balanced: (N1, N2) = (18, 19) for simple mapping and (13, 14) for remapping. 
2. Unbalanced: (N1, N2) = (11, 31) for simple mapping and (6, 31) for remapping. 
We now compare the balanced and unbalanced SSC assignment in terms of the occurrence of collision and ambiguity. Table 2 gives the number of occurrences assuming the simple mapping:

Table 2. Occurrence of collision and ambiguity

	(N1, N2)
	Collision
	Ambiguity

	Balanced: (18, 19)
	5916 (10.3%)   
	51714 (89.7%)

	Unbalanced: (11, 31)
	6780 (11.8%)      
	50850 (88.2%)


From Table 2, the following can be inferred:
· The balanced assignment results in higher occurrence of ambiguity but lower occurrence of collisions. However, ambiguity occurs much more often than collision as evident from Table 2. 
· If the second SSC-based scrambling is used, the balanced mapping requires more scrambling sequences (18 for the simple mapping and 13 for remapping). This may have an impact on UE complexity, especially when the two SSC segments are jointly detected.
The above two points suggests that the unbalanced assignment is preferred.
4. Conclusions
In this contribution, we addressed the S-SCH scrambling issue in conjunction with the choice of SSC mapping. The issue of scrambling and mapping are considered in the context of neighboring cell search assuming synchronous network. 
· Based on the typical scenarios, it can be concluded that the PSC-based scrambling should mitigate the inter-cell SSC interference associated with the most prevalent scenarios (i.e. the first-tier interferers). 
· If some additional robustness needs to be ensured for corner cases (e.g. where the cell ID assignment is restricted geographically), a second SSC-based scrambling and/or remapping can be employed to remove the remaining SSC detection ambiguity and collision. Since ambiguity occurs much more often than collision, mitigating ambiguity takes precedence over collision.
· Regardless of the mapping scheme, the minimum number of SSC codes should be chosen for the first SSC segment (the unbalanced assignment). For example, if the simple mapping is used, 11 and 31 M-sequences should be used for the first and second SSC segments, respectively. 
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� As shown in Section 3, ambiguity occurs more often compared to collision. Hence, it may be argued that solving the ambiguity problem takes precedence over collision.
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