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1 Introduction
A set of CRs to the RAN1 specifications to incorporate IMB were agreed at RAN #42 [1].  As is described in section 5.8.2.2 of 25.221, the TDM pilot channel (T-CPICH) consists of a 256 chip region at the end of each slot comprising 15 modulated SF16 channelisation codes that are scrambled by the cell specific scrambling sequence in the normal manner.  The P-CPICH is transmitted simultaneously with the T-CPICH.  The modulation type for T-CPICH is not finalized but is tentatively denoted as 16-QAM (in square brackets) within the specification.

The bit sequences for T-CPICH are currently not specified but are defined in principle as per the following extract from 25.221 Annex CD (normative):
[Editor’s note:  The exact T-CPICH pilot bit sequences are TBD but shall be selected to produce a composite scrambled signal (T-CPICH + P-CPICH) that exhibits a cyclic signal property at the chip level.  In this case the 1st 128 chips of the 256 chip region are identical or nearly identical to the 2nd 128 chips of the 256 chip region.  It is the intention that the two 128-chip halves of the sequence also exhibit low noise degradation factor (e.g. in the region of 0.5dB)]
In this document we provide sets of sequences for 16-QAM and 64-QAM which are intended to fulfill the above criteria.

2 Sequences
Due to the presence of the long scrambling sequence (of frame length), the modulated T-CPICH sequences need to be different for each slot of the frame (hence the structure of the sequence table in annex CD of 25.221).  Furthermore, a different set of sequences is required per cell ID. A total of 8 cell IDs exist, with each scrambling code belonging to a different scrambling code group (as defined in 25.223).  For simplicity, we select the first primary scrambling code index from each of the first 8 scrambling code groups, thereby corresponding to scrambling code indexes n = {0, 128, 256, 384, 512, 640, 768, 896}.

The two main properties (that are referred to in the editor’s note of 25.221 above) of the composite signal (T-CPICH + P-CPICH) during the last 256 chips of each slot are:

i) The composite signal for the first 128 chips is the same or nearly the same as the composite signal during the last 256 chips.  Due to the fact that the scrambling code is non-cyclic over this region, this must be achieved by using differing modulated sequences for the 1st and 2nd halves of the T-CPICH.  With a constrained modulation type for T-CPICH (e.g. 16 or 64 QAM) an exact match becomes more difficult.  However, a good match can still be achieved.  With the complex composite (T-CPICH + P-CPICH) chip level sequence represented as yi for i=1,2,…256, the measure we use here to determine the degree of mismatch between the 1st and 2nd 128 chips of y is the Mean Squared Error (MSE), defined here as:


[image: image1.wmf]dB

y

y

y

MSE

i

i

i

i

i

÷

÷

÷

÷

ø

ö

ç

ç

ç

ç

è

æ

-

=

å

å

=

=

+

256

1

2

128

1

2

128

10

256

1

128

1

log

10


ii) The composite signal should have low noise degradation factor (NDF).  This effectively refers to the spectral flatness of one 128-chip half of y (an NDF of 0dB represents a sequence with equal power in each of its DFT bins).  Given that the two halves of y are nominally the same (and that for the low MSE region in which we’re working the NDF does not vary significantly between sequence halves), we use the 2nd half of y here to determine the NDF.  With (k denoting the kth element (k=1, 2,…128) of the DFT of the second half of yi (i=129, 130, … 256), the NDF is given as:
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When deriving the sequences, the relative power of the P-CPICH to the composite power (Ior = T-CPICH + P-CPICH) is an input parameter.  Values in the range 5 – 10% are considered reasonable.  The sequence properties appear to be well preserved for considerable P-CPICH power margin either side of the design point, thus allowing for flexibility of P-CPICH power setting in the network.

For each of the 8 cell IDs, we derive 15 sequences (one per slot) giving a total of 120 sequences.  In this document we provide a set of 120 sequences for each of the following 4 cases:
	Case
	T-CPICH Modulation
	Ec_P-CPICH / Ior

	1
	16-QAM
	5%

	2
	16-QAM
	10%

	3
	64-QAM
	5%

	4
	64-QAM
	10%


Table 1 – Sequence sets
The binary sequences themselves are provided in the attached text files.  The format of the sequence strings is as follows:
· For 16-QAM (cases 1 and 2), the sequences strings are presented as one hex digit per 16-QAM symbol (240 digits per slot).  The first 16 digits correspond to the time series of 16 symbols mapped to the first T-CPICH channelization OVSF code, the next 16 digits give the symbols for the second T-CPICH channelization OVSF code and so on until the 15th OVSF code is completed.

· For 64-QAM (cases 3 and 4), the sequences strings are presented as one pair of octal digits per 64-QAM symbol (480 digits per slot).  The first 32 digits correspond to the time series of 16 symbols mapped to the first T-CPICH channelization OVSF code, the next 32 digits give symbols for the second T-CPICH channelization OVSF code and so on until the 15th OVSF code is completed.

Plots of the NDF and MSE are provided in figures 1 and 2 below.

[Note: One of the slot sequences for case 1 (#82) unfortunately shows an NDF significantly larger than the others.  It is expected that a revised search for that sequence would produce a better result and this should ideally be performed when time permits].
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Figure 1 – NDFs for the 4 sequence sets
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Figure 2 – MSEs for the 4 sequence sets

3 Conclusion

In this document, sequences suitable for IMB T-CPICH have been presented.  The NDF and MSE of the sequences has also been evaluated and found to be acceptable.
When using 64-QAM modulation for the T-CPICH, the average NDF and MSE are improved compared to the case of 16-QAM modulation.  However, both modulation types provide acceptable performance (the NDFs are of the order of 0.5dB and the MSEs are -12.5dB or better).

RAN1 WG1 would need to decide which modulation type to adopt and which level of P-CPICH power the sequences should be optimised for.  Due to the presence of T-CPICH for IMB MBSFN we believe that 5% P-CPICH power should be sufficient.
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