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1. Introduction

In HSDPA for both FDD [1] and TDD [2], a UE specific method of scrambling the CRC in the HS-SCCH is used, so that the UE Id can be implicitly rather than explicitly signalled. The scrambling code is generated by zero-padding the UE Id to be equal to the length of the CRC.

This scheme was selected based on the evaluations presented in [3] and [4], both of which came down in favour of the adopted scrambling approach. However, there were two main flaws in the analysis –

1. The analysis in [3] implicitly assumes that all error patterns are equally likely, when in fact this will not be the case due to the statistics of the convolutional decoder and channel.

2. The UE Id length in [4] was assumed to be equal to the CRC length (i.e. 16 bits) when in fact it is smaller than the CRC length, at only 10 bits long.

This means that, in practice, the performance of the scrambling approach in the presence of errors will be dependent on the scrambling code set used. This is because the error statistics will make a transition between two members of the scrambling code set more likely for certain scrambling code sets. Whilst the probability of detecting an error at the intended UE will be independent of scrambling code set used, the probability that an errored message will appear valid to an unintended UE will be not. In particular, it will be shown that the probability of an errored message appearing valid to an unintended UE is higher for scrambling code sets with a low minimum distance, such as is achieved by simply zero-padding the UE Id. Hence it is proposed that the scrambling code set be block coded to the maximum possible minimum distance in order to minimise this error probability.

2. Modified CRC Scrambling Code Set

Since the UE Id is a 10 bit field and the CRC length is 16 for both the FDD and TDD HS-SCCH, a common (16, 10) block code can be used for both systems. This should have a minimum distance of 4. There are several ways of constructing such a block code, but a suitable way would be to puncture the (32, 10) TFCI code, as shown in Figure 1 below.


[image: image1.wmf](32, 10) TFCI

Code

UE Id

(10 bits)

Puncture bits

{0, 1, 3, 6, 7, 9,

12, 14, 15. 16. 19.

20. 23. 25. 27, 29}

UE Specific CRC

Scrambling Code

(16 bits)


Figure 1 : Modified approach to generating a UE specific CRC scrambling code

The block coded scrambling code would only have to be generated once by both the NodeB and UE and then stored. Effectively, the CRC scrambling code itself is used as a 16 bit UE Id. For FDD, the first part of the above process is already required in both the NodeB and UE to generate the scrambling code for Part 1, and hence only the puncturing operation is new.

3. Comparison

To compare the probabilities of an unintended UE incorrectly accepting an errored HS-SCCH as being intended for it, a simulation was constructed for the full HS-SCCH coding and multiplexing scheme specified in [1]. The resulting HS-SCCH was transmitted over the Vehicular A channel for a UE speed of 50 km/h, with a received SNR which gave a probability of correct detection of the HS-SCCH at the intended UE of about 99 %, which is close to where this channel should be operating in practice. An unintended UE was randomly selected and attempted to decode the HS-SCCH transmission. The SNR at the unintended UE was assumed to be equal to that of the intended UE, though obviously this may not be true in practice. The unintended UE processed the HS-SCCH as far as decoding the CRC in all cases, and no attempt was made to reject the HS-SCCH on the basis of the convolutional decoder decision metrics for Part 1 decoding. The simulation was run for 100 000 000 iterations (with the intended and unintended UEs being reselected for each iteration), and the results are shown in Table 1 below.

It can be seen from this table that the current approach results in a probability of incorrect acceptance at the unintended UE of 0.000176 %, whereas the new approach results in a probability of incorrect acceptance of only 0.000078 %. It must be remembered that these probabilities are for an individual UE monitoring a single HS-SCCH, and the probability that at least one UE in the cell will incorrectly accept an HS-SCCH transmission will be correspondingly higher when the UE and HS-SCCH population is higher.

	
	UE Specific CRC Generation Method

	
	Zero Padded UE Id
	Block Coded UE Id

	Correctly rejected by unintended UE
	99999824
	99999922

	Incorrectly accepted by unintended UE
	176
	78


Table 1 : Comparison of Incorrect HS-SCCH Acceptance at an Unintended UE
for a UE population of 1024 users

In practice, the UE population is likely to be much lower. To examine the effect of this, a population of 128 users was considered, with the UE Ids being selected from 0 to 127. Again, the simulation was run for 100 000 000 iterations, and the results are shown in Table 2 below. It can be seen in this case that the current approach results in a probability of incorrect acceptance at an unintended UE of 0.000029 % whereas the new approach results in a probability of incorrect acceptance of only 0.000003 %. The reduced probabilities of incorrect acceptance are because the probability that a HS-SCCH transmission to one UE is mistaken by another as being addressed to itself is not independent of the UE Ids themselves. Hence reducing the address space reduces the probability of an incorrect acceptance. However, note that the new approach still results in a significant reduction in this probability, and hence is still worth implementing.

	
	UE Specific CRC Generation Method

	
	Zero Padded UE Id
	Block Coded UE Id

	Correctly rejected by unintended UE
	99999971
	99999997

	Incorrectly accepted by unintended UE
	29
	3


Table 2 : Comparison of Incorrect HS-SCCH Acceptance at an Unintended UE
for a UE population of 128 users

4. Conclusion

A problem with the current approach to UE specific CRC generation [1,2] has been demonstrated whereby an unintended UE is more likely to incorrectly accept an HS-SCCH transmission because of a low minimum distance in the CRC scrambling code set (which is just the set of UE Ids, zero-padded to 16 bits). A solution to this problem is proposed whereby the UE Id is coded to the CRC length before being added modulo-2 to the CRC. A suitable code for both systems would be a (16, 10) block code constructed by puncturing the (32, 10) TFCI code. The NodeB and UE would only have to generate this coded scrambling code once, and this would then be used as the effective UE Id.
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Figure X: Generation of UE Specific CRC Masking Sequence

where the (32,10) TFCI code is that described in Section 4.3.3. The masked CRC is then appended to the sequence of bits x2,1, x2,2, …, x2,13 to give a sequence of bits y1, y2, …, y29, where

yi = x2,I


i=1,2,…,13

yi = ci-13 ( mi-13

i=14,15,…,29
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4.6.2
CRC attachment for HS-SCCH
The bits b1, ..., bB are generated by adding the computed CRC of length 16 as described in the general section 4.2.1.1, and then scrambling the computed CRC by the modulo 2 addition of a coded UE identifier. The coded UE identifier m1, m2, ..., m16 shall be generated from the UE Identifier xue,1, xue,2, …, xue,10 as follows

[image: image3.wmf](32, 10) TFCI

Code

UE ID

x

ue,1

, x

ue,2

, ..., x

ue,10

Puncture bits

{0, 1, 3, 6, 7, 9,

12, 14, 15. 16. 19.

20. 23. 25. 27, 29}

m

1

, m

2

, ... , m

16


Figure X: Generation of UE Specific CRC Masking Sequence
where the (32,10) TFCI code is that described in Section 4.3.1.1.
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