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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]:
1. Study the feasibility and benefits of introducing a simplified version of the HS-SCCH Type1 where some of the control information bits carried on the HS-SCCH part I are made deterministic (e.g., CCS bits and MS bit). The following aspects shall be taken into consideration:

· The L1 processing chain as described in the current UMTS standard shall be reused and no changes are allowed (i.e., adding/removing blocks to the L1 processing chain is not allowed).

· Keep backward compatibility (e.g., re-ordering bits within a slot, or from one to another slot is not allowed).

2. Study mechanisms for triggering the usage of a simplified version of the HS-SCCH Type 1, if possible by making use of legacy mechanisms.

The impact in other working groups, as well as on both UE and network shall be kept to the minimum
This contribution is intended to provide the performance evaluation of the simplified HS-SCCH Type 1 with respect to the legacy performance.
2 Background
A background on the structure of the HS-SCCH Type 1 was described in [3], while [4] provided a detail analysis on how the HS-SCCH Type 1 can be simplified aiming at providing an easier decoding for UEs in non-favourable radio conditions.

One of the things derived from the analysis presented in the above mentioned papers is that the decoding of slot 0 is a key aspect of the performance of the HS-SCCH, since the part II (slot 1 & 2) depends on the correct detection/decoding of part I.

Based on the above, the proposal for simplifying the HS-SCCH type 1 consists in making “known in advance” the bits corresponding to the “Modulation Scheme” and the “Number of codes”. The above because under certain circumstances (e.g., in bad radio conditions), only certain bit sequences (i.e., codewords) corresponding to one HS-DSCH code along with a QPSK modulation would be suitable to be used.

If we fix the “Modulation Scheme” bit, and the “Code Group Indicator” bits become deterministic, then the UE would have to apply decoding hypothesis only on the first row of the “Channelization Code Set matrix”, instead of having to apply decoding hypothesis on the full matrix (see [EricssonPaper2]).
This way, when the simplified HS-SCCH type 1 be in use, it will be known in advance that there are only 15 data related possible sequences that can be transmitted, plus the sequence corresponding to an HS-SCCH order (i.e., 16 possible sequences in total).

In the following sections, the performance of the simplified HS-SCCH Type 1 is compared against the performance offered by the legacy.
3 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 [5].
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 the bit sequence corresponding to the UE ID.
3.1 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”.
3.2 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”. 
3.3 Results
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 1, 2, and 3 respectively.
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Figure 1: 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 2: 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 3: 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).
Proposal: Use the companion text proposal in [6], to capture in the Technical Report the performance comparison between the legacy HS-SCCH Type 1 and the simplified HS-SCCH Type 1.
4 Conclusions 

This contribution provided the performance evaluation of the simplified HS-SCCH Type 1 with respect to the legacy performance by using the L1 processing chain as described in the UMTS standard. From the performed investigation the following points can be highlighted:
· One important aspects derived from the analysis presented in the paper dealing with the background of the HS-SCCH Type 1 [EricssonPaper1], is that the decoding of slot 0 is a key aspect of the performance of the HS-SCCH, since the part II (slot 1 & 2) depends on the correct detection/decoding of part I.

· Based on the above, the proposal for simplifying the HS-SCCH type 1 consists in making “known in advance” the bits corresponding to the “Modulation Scheme” and the “Number of codes” aiming at providing an easier decoding for UE undergoing non favourable radio conditions.
· This way, when the simplified HS-SCCH type 1 be in use, it will be known in advance that there are only 15 data related possible sequences that can be transmitted, plus the sequence corresponding to an HS-SCCH order (i.e., 16 possible sequences in total)

· 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.

· 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 the bit sequence corresponding to the UE ID.
· The “Miss Detection”, “False Detection”, and “BLER” performance can be found within the section 3 of this paper in figures 1, 2, and 3.

· Miss Detections: 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. 

· False Detections: 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.

· BLER: 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)
Based on the analysis performed in this contribution, the following proposal has been stated: 
Proposal: Use the companion text proposal in [6], to capture in the Technical Report the performance comparison between the legacy HS-SCCH Type 1 and the simplified HS-SCCH Type 1.
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