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HS-SCCH: Performance results and improved structure  

1.0 Introduction

Note that this document is revised from TI document R1-02-0535 [1].  Changes include decreasing the number of bits in part 1 to 40 bits to fit into slot 1 in order to follow the structure agreed upon in the previous meeting.  In addition, simulations were performed with a common set of assumptions to enable comparison with current HS-SCCH coding [2].

The HS-SCCH coding scheme proposed in [3] as approved in WG1 # 24 is shown in Figure 1.

[image: image1.wmf]R=1/2 Convolutional Coder

+Rate Matcher

XOR

UE ID based  Scrambling Sequence


Figure 1: HS-SCCH coding scheme as proposed in [3] and approved by WG1 # 24.

The post convolutionally encoded Part-1 is scrambled by the UE ID as shown in Figure 2. The UE ID based scrambling sequence is achieved, as proposed in [4], in two stages by first coding the 10 bit UE ID using the R99 (32, 10) block code derived from a second-order Reed-Muller sub-code to obtain 32 bits. The remaining 8 bits can be obtained by repeating the first 8 bits of the 32-bit result.
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Figure 2: Scrambling with UE specific ID using the second-order Reed Muller codes as proposed in [4].

2.0 Simulation assumptions for the HS-SCCH

Simulations were performed in an AWGN channel and also in a flat fading channel (3 kmph) to evaluate the performance of the HS-SCCH detection. In all simulations a single transmit antenna was used. Three types of probabilities of error are simulated for part 1 of the HS-SCCH.  In all these cases only one HS-SCCH channel is simulated because the document [2] only presents results with one HS-SCCH for the currently-accepted HS-SCCH coding.

· pm = probability of miss which means that even though the HS-SCCH channel corresponds to the desired UE, the decision is made that it does not correspond to the UE.

· pue = probability of false alarm for the wrong UE which means that even though the HS-SCCH channel corresponds to a different UE, the decision is made that it corresponds to the desired UE.

· pdtx = probability of false alarm during DTX which means that even though the HS-SCCH channel is in the DTX state (no transmission), the decision is made that it corresponds to the desired UE.

The pm impacts the throughput because the UE does not detect that an HS-SCCH that is destined for it. On the other hand the probability of false alarm pue and pdtx impacts the power consumption of the UE, because every false alarm requires that the UE go through detection of part 2 of HS-SCCH to find out that the HS-SCCH is indeed not addressing that UE. Thus the target operating points for the pm and pue, pdtx impact the throughput and the standby power consumption of an HSDPA terminal. In [5], in an e-mail over the reflector, LG has proposed that the target operating point for pm should be 10-2. 

3.0 Proposed structure of HS-SCCH

We propose that the 10-bit UEID be made a part of the payload of part 1 and that no UEID masking be done for part 1. The structure of HS-SCCH for parts 1 and 2 is shown in Figure 3.


Figure 3. The new proposed structure of HS-SCCH is shown. Part 1 consists of (CCS + MOD + UEID = 18 bits) which are rate 2/3 convolutionally coded to 39 bits and then rate matched to 40 bits. The rate 2/3 code is obtained by puncturing the parity bits of the rate ½ code. The part 2 is rate ½ coded to 74 bits with rate matching to 80 bits.

As shown in Figure 3, in the proposed HS-SCCH structure, the UEID is made part of the payload for part 1. This implies that the total payload of part 1 is 8 (CCS + MOD) + 10 (UEID) = 18 bits total. With the 8 tail bits, this is then rate 2/3 convolutionally coded to 39 bits and then rate matched to 40 bits. The rate 2/3 convolutional code is obtained by puncturing the rate ½ code. The receiver structure now consists of 4 Viterbi decoders for the 4 HS-SCCH channels and that HS-SCCH channel is picked whose UEID in the payload of part 1 matches the desired user’s UEID. A block diagram of the receiver structure is shown in Figure 4.


Figure 4: Block diagram of the receiver structure for the proposed HS-SCCH.

A last criterion is added to verify that the zeroth state is the best state.  In other words, the Viterbi metrics for all 256 states are computed, and the one with the best metric must match the zeroth state for the codeword to be considered valid.  This further reduces the probability of false alarm.  Simulations without this last criterion are included in the appendix to illustrate the effect of the criterion.  The reason for this is that the false alarm probabilities are very small, so it would take a large number of simulations to get statistically significant results.

The false alarm probability for DTX can be computed for the proposed scheme as follows.  Assuming that only noise is present, it should be equally likely that any of the 256 states is the best state.  Using this criterion alone, we get a false alarm rejection of a factor of 256.  The second criterion is that the decoded UEID match the UEID of the desired user.  Since the UEID of the desired user is selected randomly from the 1024 possibilities, this event is independent from the zeroth state criterion, and thus the probabilities of the two events can be multiplied to find the false alarm probability.  The false alarm probability for DTX is

pdtx = (1/256)(1/1024) = 4e-6

In order to verify the theoretical calculation, simulations were performed.  In the appendix, simulations were done where only the UEID criterion was used.  The simulation verifies that the probability of false alarm for DTX is 1e-3 with only the UEID criterion.  Simulations were also done in Figures 5 and 6 using both criteria for the AWGN and flat fading channels.  In these simulations no false alarm events were observed for either the DTX case or wrong UEID case.

.

Figure 5 shows the performance in an AWGN channel when the criteria used are a match with the desired UEID and also the best state must be the zeroth state.  A probability of miss of 1% is obtained at an Eb/No of –0.3 dB.  In the simulation, no false alarms were observed.  During the DTX condition, as mentioned above, false alarms should have a probability of about 1/1024 * 1/256 = 4e-6.  When an HS-SCCH for the wrong UE is present, the false alarm probability should be even lower, since it is likely that the UEID for that wrong UE will be received, and it will not match the correct UEID.  




Figure 5: HS-SCCH performance in AWGN channel with UEID and zeroth state criteria. No false alarms were obtained, and that is why no false alarm point has been plotted on the graph.
Figure 6 shows the performance in a flat fading channel when the criteria used are a match with the desired UEID and also the best state must be the zeroth state.  A probability of miss of 1% is obtained at an Eb/No of about 15.5 dB.  In the simulation, no false alarms were observed.  Again, during the DTX condition, theoretically false alarms should occur with probability of about 1/1024 * 1/256 = 4e-6.
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Figure 6: HS-SCCH performance in flat fading channel with UEID and zeroth state criteria. No false alarms were obtained, and that is why no false alarm point has been plotted on the graph.
4.0 Comparison of proposed scheme to current HS-SCCH coding performance

A summary of the results when the UEID criterion and the zeroth state criterion is used for the proposed HS-SCCH coding is given in Table 1. These results can be compared to the results presented by Motorola in [2] for the currently accepted HS-SCCH coding.  For the AWGN case, an information Eb/No of about 7.5 dB is required to obtain a probability of miss of 1%.  Since there are 8 information bits out of 40 channel bits, the required channel Eb/No is 0.5 dB.

Table 1: Summary of simulation results for the proposed HS-SCCH coding.

AWGN channel
Flat fading channel

Required channel Eb/No for 1% probability of miss (proposed)
-0.3 dB
15.5 dB

Required channel Eb/No for 1% probability of miss (current HS-SCCH coding [2])
0.5 dB
??

Probability of false alarm for wrong UE (proposed scheme)
< 1e-5
< 1e-5

Probability of false alarm for wrong UE (current HS-SCCH coding [2])
2e-5
??

Probability of false alarm for DTX (proposed scheme)
< 1e-5
< 1e-5

Probability of false alarm for DTX (current HS-SCCH coding [2])
 3e-4
 ??

From the table 1 it can be seen that the performance of the current HS-SCCH coding is about 0.8 dB worse than the proposed scheme of explicit UEID encoding technique for AWGN channels in terms of probability of miss. Similarly the performance of the proposed HS-SCCH coding is also better than the current HS-SCCH coding in terms of both the UEID and DTX false alarm probabilities. For the flat fading case, Motorola used STTD at the base station, so the results could not be compared. Further as given in [2], the current HS-SCCH coding scheme requires a re-encoding of the decoded HS_SCCH bits and comparison to the input bits. The extra convolutional encoder and the hardware to generate the UEID masks is not required in the proposed technique. 

5.0 Proposal

The UEID masking in the current HS-SCCH coding does not provide gain and it makes the HS-SCCH structure more complicated as compared to the simple explicit transmission of UEID in the payload.

We propose that the HS-SCCH coding be changed from UEID masking to explicit UEID transmission in the payload as shown in Figure 3 for the following reasons:

(1) The proposed HS-SCCH coding of explicit UEID transmission performs about 0.8 dB better than the current scheme in AWGN channels in terms of probability of miss pm.

(2) The probability of false alarm of the proposed HS-SCCH coding is better than the current HS-SCCH coding for both the DTX case and the wrong UE case.

(3) The proposed HS-SCCH coding does not need the extra complexity of re-encoding the decoded HS-SCCH bits at the receiver to improve the performance of the detector. Hence the HS-SCCH decoder is less complicated for the proposed scheme over the current HS-SCCH coding scheme.

(4) The proposed HS-SCCH coding follows the same structure agreed upon in the previous meeting.
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Appendix: Simulation results obtained by omitting the zeroth state criterion

As stated in Section 3, it would take a very large number of simulations to get statistically significant results for false alarm probabilities of 3e-6 for DTX.  For the wrong UE, the false alarm probabilities should be much lower than 3e-6, so these simulations would take even longer.  In order to do false alarm simulations in a reasonable amount of time, simulations were done omitting the zeroth state criterion.  

The performance of the proposed HS-SCCH in terms of probability of miss pm and probabilities of false alarm pue and pdtx is shown in Figure A-1 for the AWGN channel with the UEID criterion only.  A probability of miss of 1% is obtained at a channel Eb/No of  –0.4 dB.  When no channel is present (DTX), a false alarm is obtained only if the 10-bit UEID matches a random 10-bit number, which occurs with probability of 1/1024, which is approximately 0.001.  At the channel Eb/No of –0.4 dB, the probability of false alarm when the HS-SCCH for the wrong UE is present is < 1e-4, since with high probability the UEID for the wrong UE will be detected and will not match the desired UEID.
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Figure A-1: HS-SCCH performance in AWGN channel with UEID criterion only.

Figure A-2 shows the performance of the proposed HS-SCCH in terms of probability of miss pm and probabilities of false alarm pue and pdtx for the flat fading channel with the UEID criterion only.  A probability of miss of 1% is obtained at a channel Eb/No of about 15.5 dB.  When no channel is present (DTX), a false alarm is obtained only if the 10-bit UEID matches a random 10-bit number, which occurs with probability of 1/1024, which is approximately 0.001.  At the channel Eb/No of 15.5 dB, the probability of false alarm when the HS-SCCH for the wrong UE is present is < 1e-4, since with high probability the UEID for the wrong UE will be detected and will not match the desired UEID.
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Figure A-2: HS-SCCH performance in flat fading channel with UEID criterion only.
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