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1. Introduction

At the last RAN WG1 meeting an UE-specific masking for HS-SCCH, Part 1 based on R = 1/2 convolutional coding of the 16-bit UE ID was agreed [1]. While the current standard requires separate rate matching of the control data and the UE ID mask, we propose to reduce implementation complexity by using a joint rate matching, i.e. perform the XOR operation before of the RM. Besides implementation aspects we show that this scheme offers a slightly better weight distribution than using the single step rate matching approach.

2. Implementation Aspects of HS-SCCH Coding, Part 1 

Fig. 1 shows the encoding of HS-SCCH, Part1. The control data uses a R = 1/3 convolutional code, while the UE-ID is encoded using R = 1/2. Both streams have 48 bits after encoding. Currently separate rate matching is applied and subsequently the masking is performed using the XOR operation. We propose to shift the XOR operation before the rate matching, which allows to mitigate the rate matching of the UE-ID stream (shown in red background).
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Fig. 1: Comparison of Transmitter Implementations for HS-SCCH, Part 1

Especially at the receiver side, this new proposals allows more flexible and simpler detection implementations, as shown in Fig. 2. We consider the case of detection based on a limit of re-encoded symbol errors, as in [1, 2]. While the current specification would require rate matching, both at the UE-ID coding and the re-encoded data stream. Since the new proposal performs the XOR operation after the de-rate matching, simpler implementations are possible as detailed in the lower part of Fig. 2. As in the transmitter case, the rate matching of the UE-ID stream can be omitted. Another explicit RM stage can be saved, if the symbol error count of the re-encoded data is performed based on 48 symbols and simply only errors of transmitted bits are counted. In summary, our new proposal allows implementations that save up to two rate matching stages in the detection of HS-SCCH and one rate matching stage per scheduled UE in the transmitter.
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Fig. 2:  Possible Receiver Implementations for Detecting HS-SCCH, Part 1 
based on Symbol Error Count of Re-Encoded Data 

In the following, we investigate the performance of the new proposal compared to the current specification. First we compare the weight distribution of the current masking scheme to the new proposal, then we show results for missed detection and false alarm probability.

3. Using the HS-SCCH, Part 1 RM Pattern as Masking Scheme

Using the joint rate matching actually results in reusing the optimised rate matching of HS-SCCH, Part 1 also for the UE-ID mask. Fig. 3 shows the weight distribution of both UE-ID masks after rate matching, and Fig. 4 the cumulative weight distribution. Both alternatives have the same minimum hamming distance dmin = 8. The new proposal (denoted as "opt. RM"), however, has slight advantages in weight distribution (cumulative probability for d < 16 is less, see Fig. 4).
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Fig. 3:  Weight distribution of UE ID Coding on HS_SCCH, Part 1 
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Fig. 4:  Cumulative weight distribution of UE ID Coding on HS_SCCH, Part 1 

4. Comparison of Detection Performance 

We now compare the detection performance of the current specification to our one-stage rate matching proposal. The detection criterion used is that the number of re-encoded symbol errors is less than a certain threshold Nsym. Fig. 5 shows the probability of a missed detection under AWGN conditions. Fig. 6 shows the probability of false alarm, assuming that actually a different UE is scheduled, in order to capture also worst case conditions, the simulation is done over all possible UE-IDs. Fig. 7 shows the false alarm rate, if no UE is being scheduled i.e. if the HS-SCCH is DTXed. These results indicate that the missed detection and false alarm probabilities of the new proposal are identical or slightly better compared to the performance of the current specification. Therefore it can be concluded, that our proposal allows a decrease of implementation complexity without adverse effects on the detection performance.
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Fig. 5:  Missed detection probability in AWGN for current specification
and new proposal using Nsym = 7and Nsym = 9
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Fig. 6:  False alarm probability in AWGN for current specification and new
proposal different UE ID sent
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Fig. 7:  False alarm probability in AWGN for current specification 
and new proposal no data sent (DTX)

5. Conclusion

This paper shows that a joint rate matching of the UE-ID mask and HS-SCCH, part 1 gives similar performance as the current specification and allows implementations with lower complexity. In addition the current specification could be simplified by using the same rate matching pattern for the UE ID and control data. We therefore propose to refine the specification by using a joint rate matching as shown in Fig. 1. A corresponding change request is provided in [3]
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