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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 RAN1 #88bis the TSG RAN WG1 kicked-off the discussion on this SI and reached the following agreements [2]:

Conclusion:
Scenario: the UE is in bad radio conditions, and only certain bit sequences (i.e., codewords) corresponding to one HS-DSCH code along with a QPSK modulation would be suitable to use.

The identified solution for simplified HS-SCCH type 1 consists in making “known in advance” the bits corresponding to the “Modulation Scheme” and the “Number of codes” (code group indicator bits). The triggering mechanism for the UE to use the simplified HS-SCCH is based on the transmitted legacy CQI reports.

It is noted that the evaluation done so far refers to the HS-SCCH part I (slot 0). Evaluation of both part I and part II would be done until RAN1#89.

This contribution is intended to address the action point captured in the Chairman’s notes through the evaluation of the whole L1 processing chain (i.e., HS-SCCH part I and part II) for both the legacy HS-SCCH Type 1 and the simplified HS-SCCH Type 1 aiming at comparing their performance.
2 Background
In RAN1 #88bis a background on the structure of the HS-SCCH Type 1 was described in [3], a detail analysis on how the HS-SCCH Type 1 can be simplified was presented in [4].
An important performance aspect highlighted in the contributions presented in RAN1 #88bis is that the decoding of slot 0 is a key aspect of the HS-SCCH performance, since the part II (slot 1 & 2) depends on the correct detection/decoding of part I.

Based on the above, the enhancements were focused on simplifying the HS-SCCH part I (i.e., slot 0) by making “known in advance” the bits corresponding to the “Modulation Scheme” (1bit) and the “Code group Indicator bits” (3bits). Fixing 4 out of 8 bits on the HS-SCCH reduces the number of codewords that can be potentially received in downlink, which is beneficial for a UE undergoing poor radio conditions since in this case there are less decoding hypothesis to be considered at the moment of attempting to decode the received data.

A performance evaluation was presented in [5], which showed that the percentage of “Miss Detections” drops faster when the simplified HS-SCCH is utilized. Moreover, the same contribution showed that the percentage of “False detections” gets reduced almost by half, and that at 1% BLER the simplified HS-SCCH provides a gain that is around 1.3dB with respect to the legacy performance.

The above described gains were observed on the slot 0, since it was the HS-SCCH part I where the simplification took place. Upon summarizing the observed gains derived from the usage of the simplified HS-SCCH, a question was raised by some members of the TSG RAN WG1, which were wondering whether the observed gains would prevail when the HS-SCCH part I were put to interact together with the HS-SCCH part II. The above can be read from the Chairman’s notes [2]:
“It is noted that the evaluation done so far refers to the HS-SCCH part I (slot 0). Evaluation of both part I and part II would be done until RAN1#89.”
Therefore, and aiming at addressing the action point derived from RAN1 #88bis, the full Tx/Rx HS-SCCH layer 1 processing chain was evaluated for comparing the performance of the simplified HS-SCCH type 1 versus the legacy HS-SCCH type 1.
3 Interaction between HS-SCCH part I & II
3.1 Transmitter side
The L1 processing chain of the HS-SCCH was described in [3], and it can be found in [6, 7].

· HS-SCCH Part I (Slot 0)

In addition of conveying the UE ID, the HS-SCCH part I carries 8 control information bits, seven of them are associated to “Channelization code set” bits (3bits for the “Code Group Indicator”, & 4bits for the “Offset Indicator”), while only one of them is used to indicate the “Modulation Scheme” to be used. In the very first step, the 8 input bits described above are multiplexed to form the variable “X1”. In a second step, a zero tail bit sequence consisting of 8bits is appended to “X1” for producing the format input needed by the convolutional encoder of rate 1/3. In a third step, the encoded output (“Z1” in the UMTS standard) is rate matched for keeping an encoded bit sequence consisting of 40 bits (“R1” in the UMTS standard). In a forth step, an encoded and rate matched version of the UE ID (“XUE” in the UMTS standard) is masked with “R1” for producing “S1”. Finally, in a fifth step “S1” which keeps a length of 40bits is mapped to the slot 0.
· HS-SCCH Part II (Slot 1 & 2)

The HS-SCCH part II carries 13 control information bits, and as it will be explained below the HS-SCCH part II makes use of the 8 control information bits carried by the HS-SCCH part I and an un-coded version of the UE ID. The 13 bits carried over Slot 1 and 2 (Known as HS-SCCH part 2) are the “Transport-block size information” (6bits), “Hybrid-ARQ process information” (3bits),” Redundancy and constellation version” (3bits), and the “New data indicator” (1bit). In the first step, the 13 input bits described above are multiplexed to form the variable “X2”. In the second step several operations take place, firstly X1 and X2 are used along with a 16bits generator polynomial for producing a CRC, secondly the CRC is masked with an un-coded version of the UE ID, and then the masked version of the CRC is appended to X2 (“Y” in the UMTS standard). In a third step a zero tail bit sequence consisting of 8bits is appended to “Y” for producing the format input needed by the convolutional encoder of rate 1/3. In a forth step, the encoded output (“Z2” in the UMTS standard) is rate matched for keeping an encoded bit sequence consisting of 80 bits (“R2” in the UMTS standard). Finally, in a fifth step “R2” is mapped to both slot 1 and 2.
The above description corresponds to the L1 processing chain as described by the UMTS standard [6], and it applies exactly the same for the simplified HS-SCCH. The only difference is that for the simplified HS-SCCH the “Code Group Indicator” bits and the “Modulation Scheme” bit are made deterministic.
3.2 Receiver side

At the receiver side, the slot 0 is received first by the UE which leads to have two possibilities when a transmission has been intended for it.
· Successful detection: The UE will figure out if the transmission was intended for it when the unmasking process produces a recovered “encoded codeword” that provides a very high correlation with respect to one of the codewords (i.e., within the universe of codewords) that can be carried over the slot 0. If a high correlation has been found (recall that the “Sequential Maximum Likelihood Correlator” has been used as decoder [7]), then a tentative “X1” has been recovered which will be used for attempting to decode “X2”. At this point there are two situations that can still occur:
· The “CRC test” can result as passed, meaning that both “X1” and “X2” were recovered correctly.
· The “CRC test” can result as failed, meaning that “X2” couldn’t be recovered even when “X1” had a high correlation, which results in a block error. On this matter is important to mention that there is no way in which “X2” can be decoded correctly if “X1” is wrong, since the “CRC test” will fail.
· Miss detection: A UE may miss a transmission when the recovered “encoded codeword” was not able to provide a sufficiently high correlation as to pass the threshold of the “Sequential Maximum Likelihood Correlator” in part I. This automatically translates into a block error since in such a case the transmission was simply missed, meaning that the HS-SCCH part II cannot even be attempted to be decoded due that there is no “X1” that can be used in part II for the “CRC test”.
4 Performance Evaluation HS-SCCH part I & II
The performance of the simplified version of the HS-SCCH type 1 was compared against the legacy HS-SCCH Type 1. The BLER for the entire HS-SCCH (i.e., part I & II) was estimated aiming at quantifying the potential gains, while both the miss detection and false detection performance remained the same as the ones already presented and captured in [7].
4.1 Results

Figure 1 shows the total BLER performance for both the legacy and the simplified HS-SCCH type 1. On this matter, it is important to mention that a block was considered as correctly received when both “X1” and “X2” resulted in no errors. In other words, an error in either the 8 recovered bits of part I, or in any of the 13 recovered bits of part II resulted in a block error.
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Figure 1: Total BLER performance (part I & II), 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 overall performance (i.e., HS-SCCH part I & II) of the simplified HS-SCCH provides a gain of around 1.3dB with respect to legacy. The above means that the gains derived from a simplification performed on the HS-SCCH part I prevail when the overall performance of the HS-SCCH (i.e., interaction between part I & II) was evaluated. Moreover, it is worth nothing that beyond 5-5 the simplified HS-SCCH has not more block errors, while for the legacy there are still observable errors beyond that operation point.
Observation: The gains derived from a simplification performed on the HS-SCCH part I prevail when the overall performance of the HS-SCCH (i.e., interaction between part I & II) was evaluated.
Proposal: Use the companion text proposal in [6], to capture in the Technical Report the overall performance evaluation (i.e., HS-SCCH part I & II) between the legacy HS-SCCH Type 1 and the simplified HS-SCCH Type 1.
5 Conclusions 

This contribution provided the overall performance evaluation (i.e., HS-SCCH part I & II) 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:
· An important performance aspect highlighted in the contributions presented in RAN1 #88bis is that the decoding of slot 0 is a key aspect of the HS-SCCH performance, 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 a UE that is undergoing unfavourable radio conditions.
· A performance evaluation was presented in [5], which showed that the percentage of “Miss Detections” drops faster when the simplified HS-SCCH is utilized. Moreover, the same contribution showed that the percentage of “False detections” gets reduced almost by half, and that at 1% BLER the simplified HS-SCCH provides a gain that is around 1.3dB with respect to the legacy performance.

· At this point, a question was raised by some members of the TSG RAN WG1, which were wondering whether the observed gains would prevail when the HS-SCCH part I were put to interact together with the HS-SCCH part II.

· Therefore, and aiming at addressing the action point derived in RAN1 #88bis, the full Tx/Rx HS-SCCH layer 1 processing chain was evaluated for comparing the performance of the simplified HS-SCCH type 1 versus the legacy HS-SCCH type 1.
· The way in which the bits are processed through L1 processing chain at both the transmitter and the receiver are described in detail in section 3.

· The performance of the simplified version of the HS-SCCH type 1 was compared against the legacy HS-SCCH Type 1 [5]. The BLER for the entire HS-SCCH (i.e., part I & II) was estimated aiming at quantifying the potential gains, while both the miss detection and false detection performance remained the same as the ones already presented and captured in [7].
· Figure 1 in section 4.1 shows the total BLER. A block was considered as correctly received when both the decoded bits in part I and II resulted in no errors. In addition, it is important to recall that the number of “Miss Detections” impacts the BLER, since a transmission that was missed by the UE was counted as a block error.

· An acceptable BLER target for the HS-SCCH is around 1% (i.e., 10-2 in the above plot), at that operation point the overall performance (i.e., HS-SCCH part I & II) of the simplified HS-SCCH provides a gain of around 1.3dB with respect to legacy.
· The above means that the gains derived from a simplification performed on the HS-SCCH part I prevail when the overall performance of the HS-SCCH (i.e., interaction between part I & II) was evaluated.
· Moreover, it is worth nothing that beyond 5-5 the simplified HS-SCCH has not more block errors, while for the legacy there are still observable errors beyond that operation point.
Observation: The gains derived from a simplification performed on the HS-SCCH part I prevail when the overall performance of the HS-SCCH (i.e., interaction between part I & II) was evaluated.
Proposal: Use the companion text proposal in [6], to capture in the Technical Report the overall performance evaluation (i.e., HS-SCCH part I & II) between the legacy HS-SCCH Type 1 and the simplified HS-SCCH Type 1.
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