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1. Introduction

In the last meeting, the structure of HS-SCCH was decided even though there was not enough discussion on its performances. Through a user-specific scrambling code (USSC) generated from TFCI code [1] in the part 1 of the HS-SCCH, UE can determine whether Node-B sends HS-SCCH to itself or not. Considering that there may occur that some of the USSCs show small number of bit differences between de-scrambled coded-bit sequences, UE hardly discriminate the desired HS-SCCH. Moreover, assuming that most of UEs in the system employ such USSCs, the performance of HS-SCCH can be degraded during HSDPA service time. In order to overcome this problem, we can consider a method that a different USSC is time-varyingly assigned for each UE. Therefore, in this paper, we propose that USSC be designed by the long scrambling code defined in TS 25.213 and its initial state be varied with UE ID and service time. 

2. Consideration on N_DIFF and possible problems

Assume that Node-B sends two HS-SCCHs to UE_A and UE_B respectively as in figure 1. At the decoder of UE_A, both HS-SCCHs are multiplied with USSC_A and then go to Viterbi decoder. Assuming that there is no noise in a channel, the signals for UE_A are successfully decoded into Info_A. However, the coded-bit sequence for SCCH_B does not belong to a codeword set, Viterbi decoder tries to find the suitable codeword that has the minimum distance from the input coded sequence. Then, the output information is Info_AB. Here, for convenience, we define N_DIFF as follows.

( N_DIFF: the number of bit differences between the input coded-bit sequence for Viterbi decoder and the mapped codeword after decoding processes without noise. 
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Figure 1. An example for HS-SCCH processes

The basic concept of N_DIFF is very similar to that of ‘the number of re-encoded symbol errors’ described in [4]. The difference is just the point that N_DIFF ignores channel noise but ‘the number of re-encoded symbol errors’ considers it. To analyze the properties, we have fully searched N_DIFF distribution for the current USSC set with a referenced USSC, and they are summarized as follows.

( If USSC matches, N_DIFF is zero.

( If USSC does not match, N_DIFF depends on the only cross-masking properties between USSCs

Figure 2 shows N_DIFF distribution assuming that USSC is (32,10). The results show that that there exist various N_DIFF values when the compared USSCs vary. Note that 11% of USSCs has the distance lower than 6. This means that the performance of HS-SCCH may go worse if UEs with USSCs of low-N_DIFF are scheduled simultaneously, 
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Figure 2 : The pdf and cdf of N_DIFF for USSCs in TR

As well, we define missing probability as the probability that UE select a wrong HS-SCCH channel among 4 HS-SCCH channels. Assuming that Node-B always sends HS-SCCH signals to the referenced UE, we ignore DTX case for HS-SCCH signaling. Path-metric ratio (PMR) in [2] is employed as a detection measure for each HS-SCCH channel. 

Figure 3 shows the missing probability for various N_DIFF cases. The case of ‘Average’ considers all USSC cases. The case of ‘N_DIFF = 4’ is the worst case that shows large performance degradation. Because the selection of a suitable HS-SCCH channel is related N_DIFF, the lower N_DIFF, the larger missing probability, we can see 1dB performance degradation for the ‘N_DIFF = 6’ case. Since the portion of this case is about 11%, we can think that this case may frequently occur during the service period. 
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Figure 3 : The comparison of missing probabilities for various N_DIFF cases

Since the current USSC scheme assigns a deterministic USSC to a specific UE, the N_DIFF among UEs is fixed during the service period and never be changed. If there are only UEs whose N_DIFFs are low, it shows and maintains the performance loss of HS-SCCH. In addition, Once the UEs with lower N_DIFF are scheduled simultaneously, it seems to be a higher probability to re-schedule such UEs at the same time, which increase the performance loss too.As a method to overcome this problem, we can consider that a different USSC is assigned for the UE with varying time. If it is possible to assign different USSC to UEs with varying time, the N_DIFF between UEs changes and we can solve the problem. To change USSC with the varying time, there should be many elements in a USSC set. However, the current USSC scheme assigns an USSC element to a UE. 

3. Proposed solutions: Random USSC

In this section, to change USSC assigned to a UE with the varying time, we propose to use another USSC using a random code instead of TFCI code. Since long scrambling codes have a random property with a long period [3], it is possible to differently assign 40-bit length sequences for the different UE or time cases. The method to assign USSC is to vary the initial state for sequence generator with UE ID and HSDPA-service time. One example of initial-state decision is 
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Figure 4 shows the distributions of the N_DIFFs for both the suggested scheme and the current TR scheme. For both figures, there shows similarity. Figure 5 shows the performance comparison between TR scheme and the suggested scheme through simulation. For ‘Average’ case, both schemes show identical performances. Note that the case of ‘N_DIFF = 4’ using the random USSC shows the identical performance to the case of ‘Average’. It means that the random USSC can successfully distribute N_DIFF with time and solve the above problem. 
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Figure 4 : The pdf and the cdf of N_DIFF for USSC in TR and the suggested random USSC
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Figure 5 : The averaged missing probabilities using TR USSC and the suggested USSC 

4. Conclusions

Since the current USSC scheme shows the 11% low N_DIFF distribution and it is time-invariant, the performance of HS-SCCH scheme goes worse when most of UEs in the system have low N_DIFF. To solve the problem, we proposed to use the random user-specific scrambling code that has time-varying property as well as the user-specific property. The suggested scheme gives the initial state derived from UE ID and HSDPA-serviced time as described in section 4 and the attached CR of [5]. As well, since the proposed scheme uses the long scrambling code defined in [3], it does not require any increase in hardware complexity.
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