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1 Introduction

At the RAN plenary # 75, a new Study Item (SI) on a simplified HS-SCCH for UMTS was approved [1]. In relation to it, the Study Item Description (SID) has stated the following objectives [2]:
In this contribution we provide a Text Proposal (TP) that is intended to capture the performance evaluation of the simplified HS-SCCH Type 1 with respect to the legacy performance.
2 Text Proposal 

---------------------------------------------------------------- Text start ------------------------------------------------------------------
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7
Performance Evaluation
Aiming at estimating the potential gains behind providing an easier decoding, the proposed simplified version of the HS-SCCH type 1 was compared against the legacy performance by following the L1 processing chain as described in the UMTS standard [4].
The BLER was estimated aiming at quantifying the potential gain, and both the miss detection and false detection performance were also estimated aiming at discarding that the potential gains could somehow be limited by the length of bit the sequence corresponding to the UE ID.

7.1 Miss Detection Performance

For estimating the “Miss Detection Performance”, different Eb/No ratios were evaluated having the same UE ID at both the transmitter and the receiver, while the sequences corresponding to the CCS and MS bits were randomly generated per transmission.
A total of 100000 Transmissions per Eb/No were performed.
ALL the transmissions were intended for the UE, so ideally ALL should have been decoded. A transmission that DID NOT pass the Correlation Threshold became a “Miss Detection”.

7.2 False Detection Performance

For estimating the “False Detection Performance”, different Eb/No ratios were evaluated having a different UE ID at the transmitter and receiver, while the sequences corresponding to the CCS and MS bits were randomly generated per transmission.
A total of 100000 Transmissions per Eb/No were performed.
NONE of the transmissions were intended for the UE, so ideally NONE of them should have been decoded. A transmission that PASSED the Correlation Threshold became a “False Detection”. 
7.3 Decoder: Sequential Maximum Likelihood Correlator
At the receiver, once the symbols distorted by the channel were demodulated, the recovered bits are unmasked by using the UE ID (Note that when the false detection performance is being evaluated, the UE ID at the receiver differs from the one used at the transmitter). The outcome from the unmasked process is a recovered encoded version of the control information bits.
This recovered encoded version of the information bits is used by a “Sequential Maximum Likelihood Correlator”, which compares such a sequence against encoded versions of all the possible codewords that can be carried over the HS-SCCH (256 for the legacy and 16 for the simplified HS-SCCH). The one providing the highest correlation is the one that is picked up, which is later on compared against a threshold. This threshold is the one that controls the false alarm rate and the BLER target.
7.3.1 Decoder tuning

The type of decoder used in this evaluations is key for understanding why the false detection behaves “flat” across different Eb/No ratios, the reason is that no matter which Eb/No was used, it be will be always possible to find codewords as output of the “Sequential Maximum Likelihood Correlator” providing a sufficiently “high correlation”, that is why the Threshold has to be tuned along with the expected the BLER target. On one hand a too high threshold will decrease the false detection rate, but at the price of increasing the BLER, so the threshold has to be carefully chosen to fulfil both a certain BLER target and  a given False detection rate.
The tuning performed for this evaluations consisted in finding the value for the “Threshold” that was able to fulfil both a 1% BLER target, and less than 10% of false detections.
· Legacy HS-SCCH Type-1

Several sets of simulation were performed with different thresholds in order to find out the operation point fulfilling the above mentioned performance target. The False Detection and BLER performance for the legacy are shown in Figure x.a and x.b respectively.
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Figure x.a: Tuning the legacy HS-SCCH type 1 (slot 0) to fulfill the False Detection rate

The shadowed region (i.e., z dimension) refers to the percentage of false detections found as a function of threshold (x dimension) and the Eb/No (y dimension) that fulfils the target (i.e., that is below 10%).
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Figure x.b: Tuning the legacy HS-SCCH type 1 (slot 0) to fulfill the BLER target accounting for the False Detection rate
In this case, the values on the “z dimension” that are colored in “green” refer to the estimated BLER that is below 1%, while shadowed region indicates which of those values also fulfil the “false detection” target. From this analysis it was found that a suitable selection for the “Threshold” value is 0.76.

· Simplified HS-SCCH Type-1
The analysis described above was also performed for the simplified HS-SCCH Type 1. In this case, the False Detection and BLER performance are shown in Figure x.c and x.d respectively.(At the transmitter side, only 4 bits out of 8 were randomly generated according to the simplified HS-SCCH design, meaning that at the receiver the modulation scheme bit and the code group indicator bit are assumed to be known).
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Figure x.c: Tuning the simplified HS-SCCH type 1 (slot 0) to fulfil the False Detection rate
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Figure x.d: Tuning the simplified HS-SCCH type 1 (slot 0) to fulfil the BLER target accounting for the False Detection rate
In case of the simplified HS-SCCH, it was found that a suitable selection for the “Threshold” value results to be 0.71 in order to fulfil the same BLER and False detection targets.
In general, increasing Eb/No (x-axis in the above figures) will reduce the BLER, while increasing the correlation threshold (y-axis in the above figures) will decrease the false detection rate. And that is why a trade-off between BLER and False Detection has to be considered at the moment of selecting the correlation threshold.
7.4 Results

The set of results presented below refer to the evaluation of the HS-SCCH part I (slot 0). An acceptable BLER level for the HS-SCCH is around 1%. On this matter, it is important to mention that the miss detections contributed to the BLER performance, since they counted as a block error. Moreover, in addition to achieve a 1% BLER performance, a false detection rate below 10 percent was also set as a target.

The “Miss Detection”, “False Detection”, and “BLER” performance was compared for both legacy and the simplified HS-SCCH Type 1 in figures x1, x2, and x3 respectively.
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Figure x1: Miss Detection performance, Legacy HS-SCCH type 1 versus simplified HS-SCCH type 1. 
The “Miss Detections” drop as a function of the Eb/No ratio. The percentage of “Miss Detections” drops faster when the simplified HS-SCCH is utilized. The number of “Miss Detections” impacts the BLER, since a transmission that was missed by the UE was counted as a block error.
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Figure x2: False Detection performance, Legacy HS-SCCH type 1 versus simplified HS-SCCH type 1.

The response of the “False Detection” is flat over the Eb/No ratios, and it can be observed that the percentage of false detection is reduced almost by half when the simplified HS-SCCH is used.
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Figure x3: BLER performance, Legacy HS-SCCH type 1 versus simplified HS-SCCH type 1.
An acceptable BLER target for the HS-SCCH is around 1% (i.e., 10-2 in the above plot), at that operation point the new proposal provides a gain that is around 1.3dB with respect to the legacy performance.

In general, and after having seen the results it can be concluded that using a simplified HS-SCCH would bring the following benefits:
· Easier decoding (i.e., less decoding hypothesis)
· Improved BLER

· Improved Miss detection Performance

· Improved False detection Performance

· Power savings in DL (can be translated to coverage improvements)

· Backward compatibility: The gains will be seen for the Rel-15 UEs, while legacy UEs can decode the HS-SCCH as usual providing the legacy performance.

· Minimum standard impact (the HS-SCCH ”L1 processing chain” is not modified at all).
--------------------------------------------------------------- Text end --------------------------------------------------------------------
3 Proposal
Upon reviewing the content of this Text Proposal, it is proposed:
Proposal: Agree on the text proposal presented in this document and capture its content on the TR for the study on simplified HS-SCCH for UMTS.
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