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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 describe how the HS-SCCH Type 1 can be simplified aiming at providing an easier decoding.
2 Background
In [3] the structure of the HS-SCCH Type 1 was described, where it was mentioned that the HS-SCCH Type 1 consists of two parts and is transmitted during three consecutive slots (i.e., one subframe):

· HS-SCCH Part I: The part I is carried on the slot 0, and is composed by the “Channelization-code-set information” and “Modulation scheme information”. There is a total of eight bits multiplexed at the input of the HS-SCCH part I, which are later encoded, masked with the UE identity and finally rate matched before being transmitted over the air.
· HS-SCCH Part II: The part II is carried over slots 1 and 2, and is composed by the “Transport-block size information”, “Hybrid-ARQ process information”,” Redundancy and constellation version”, and the “New data indicator”. In this case, there is a total of thirteen bits multiplexed at the input of the HS-SCCH part II, which are later used to produce a CRC, encoded after attaching the CRC, and rate matched before being transmitted over the air.
A very important performance aspect highlighted in [3], is that the detection/decoding of the HS-SCCH part I (slot 0) needs to be considered as “passed” before proceeding to decode the part II (slot 1 & 2), meaning that the detection and decoding of slot 0 is a key aspect of the performance of the HS-SCCH. For this reason, the potential simplification of the HS-SCCH will be focused on simplifying the slot 0 of the HS-SCCH type I, since the part II (slot 1 & 2) depends on the correct detection/decoding of part I.
3 Simplified HS-SCCH Type 1
In concrete, and aiming at providing an easier decoding, 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”. This 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.

3.1 CCS and MS bits

3.1.1 CCS bits
The Channelization Code Set (CCS) consists of seven bits, and is split in two parts [4]. 

· The first part refers to the “Code Group Indicator” which consists of 3bits from Xccs1 to Xccs3. 
· The second part refers to the “Code Offset Indicator” which consists of 4bits, from Xccs4 to Xccs7.
The binary sequence mapped to the CCS bits depend on the variables “P” and “O”, which refer to the number of codes to be used by the downlink transmission and the offset (i.e., position of the codes) in the channelization code tree. 

For example, the Node B has determined that the number of codes of the incoming downlink transmission is five (P=5), while the offset in the channelization code tree is 7 (O=7).

Upon knowing the value of “P” and “O”, the CCS bits are determined as follows: 
· Xccs1, Xccs2, Xccs3 = min(P-1,15-P) = 100.
· Xccs4, Xccs5, Xccs6, Xccs7 = |O-1-(Floor(P/8))(15)| = 0110.
The CCS bits contain the “coordinates” that at the received will allow the UE to find out the value of “P” and “O” within a “Channelization Code Set matrix” depicted in Figure 1.
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Figure 1: Channelization Code Set

3.1.2 MS bit

The Modulation Scheme (MS) bit is used to inform the receiver whether the modulation scheme applied on the HS-PDSCH is QPSK or 16-QAM. The interpretation is as follows [4]:
· xms,1 = 0 → QPSK 

3.2 CCS and MS bits on the simplified HS-SCCH

The simplified HS-SCCH is intended to be utilized by UEs that due to bad radio conditions at most can make use of QPSK with 1 code.
In that case, the “Code Group Indicator” (3bits) is not needed anymore, neither the “Modulation Scheme” bit. Therefore, the HS-SCCH part I can be reduced to indicate only the “Code Offset Indicator” field consisting of 4 bits. The above simplification would mean for a UE having to apply decoding hypothesis only on the first row of the “Channelization Code Set matrix” (see Figure 2), instead of having to apply decoding hypothesis on the full matrix (see Figure 1).
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Figure 2: Reduced Channelization Code Set – One Code Only
For this simplified version of the HS-SCCH type 1, Xms,1 would be set to 0, and P would be fixed to 1, leading to Xccs1, Xccs2, Xccs3 = 000, while the remaining bits Xccs4,Xccs5,Xccs6Xccs7 would be obtained as usual |O-1-(Floor(P/8))(15)|.
3.3 Bit sequences on the simplified HS-SCCH

As it was mentioned before, the simplified HS-SCCH type 1 will use only one channelization code, and the QPSK modulation. This means that only four bits among all the bits carried on the slot 0 wouldn’t be deterministic, which are the ones used for indicating the Offset in the channelization code tree (i.e., the code position in the channelization code tree).
The mapping of the bits carried on the slot 0 of the simplified HS-SCCH Type 1 would be as follows:

· xccs,1, xccs,2, xccs,3, = 000: Following the legacy, this means only 1 code is used
· xccs,4, xccs,5, xccs,6, xccs,7,= 0000->1110: Following the legacy, the range for the Offset goes from 0 to 14 (meaning offset 1 to 15), since one code is reserved for common channels. In other words, only 15 out of 16 are usable code positions. 
· xms,1,=0: Following the legacy, this means the QPSK modulation is used.

The above means that for the CCS+MS 8 bit sequence, half of the bits can be made deterministic:
· xccs,1, xccs,2, xccs,3, xccs,4, xccs,5, xccs,6, xccs,7, xms,1, = 000????0
Therefore, 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. 
Table 1: Bits sequence to be transmitted on the slot 0 of a simplified HS-SCCH

	1
	00000000

	2
	00000010

	3
	00000100

	4
	00000110

	5
	00001000

	6
	00001010

	7
	00001100

	8
	00001110

	9
	00010000

	10
	00010010

	11
	00010100

	12
	00010110

	13
	00011000

	14
	00011010

	15
	00011100

	16
	11100000


At the receiver side, this means that the decoding complexity is reduced (i.e., less hypothesis to be tested) since the unmasked sequence needs to be correlated only against 16 codewords instead of ≈256 as it occurs in the legacy, which improves both the BLER and false detection performance.
Proposal: Use the companion text proposal in [5], to capture in the Technical Report the description on how the HS-SCCH Type 1 can be simplified aiming at providing an easier decoding.
4 Conclusions 

This contribution describes how the HS-SCCH Type 1 can be simplified aiming at providing an easier decoding. From the performed investigation the following points can be highlighted:
· In [3] the structure of the HS-SCCH Type 1 was described, where it was mentioned that the HS-SCCH Type 1 consists of two parts (see section 2) and is transmitted during one subframe.
· The potential simplification of the HS-SCCH will be focused on simplifying the slot 0 of the HS-SCCH type I, since the part II (slot 1 & 2) depends on the correct detection/decoding of part I.
· The proposal for simplifying the part I of 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.

· On this matter, the number of codes is indicated as part of the Channelization Code Set (CCS), which consists of seven bits and is split in two parts. 

· The first part refers to the “Code Group Indicator” which consists of 3bits from Xccs1 to Xccs3. 
· The second part refers to the “Code Offset Indicator” which consists of 4bits, from Xccs4 to Xccs7.
The binary sequence mapped to the CCS bits depend on the variable “P” and “O”, which refer to the number of codes to be used by the downlink transmission and the offset (i.e., position of the codes) in the channelization code tree. 
The CCS bits contain the “coordinates” that at the received will allow the UE to find out the values of “P” and “O” from the “Channelization Code Set matrix” depicted in Figure 1.

· On the other hand, the Modulation Scheme (MS) bit is used to inform the receiver whether the modulation scheme applied on the HS-PDSCH is QPSK or 16-QAM. The interpretation is as follows:

· xms,1 = 0 → QPSK

· The simplified HS-SCCH is intended to be utilized by UEs that due to bad radio conditions at most can make use of QPSK with 1 code. In this case, the “Code Group Indicator” (3bits) is not needed anymore, neither the “Modulation Scheme” bit. 

· Therefore, the HS-SCCH part I can be reduced to indicate only the “Code Offset Indicator” field consisting of 4 bits. The above simplification would mean for a UE having to apply decoding hypothesis only on the first row of the “Channelization Code Set matrix” (see Figure 2), instead of having to apply decoding hypothesis on the full matrix (see Figure 1).

· For this simplified version of the HS-SCCH type 1, Xms,1 would be set to 0, and P would be fixed to 1, leading to Xccs1, Xccs2, Xccs3 = 000, while the remaining bits Xccs4,Xccs5,Xccs6Xccs7 would be obtained as usual |O-1-(Floor(P/8))(15)|.
· The proposed simplification on the HS-SCCH Type 1 would mean that only four bits among all the bits carried on the slot 0 wouldn’t be deterministic (i.e., 4 out of 8).
· Therefore, when the simplified HS-SCCH type 1 be in use it will be known that there are only 15 data related possible sequences that can be transmitted, plus the sequence corresponding to an HS-SCCH order (See Table 1).
· At the receiver side, this means that the decoding complexity is reduced (i.e., less hypothesis to be tested) since the unmasked sequence needs to be correlated only against 16 codewords instead of ≈256 as it occurs in the legacy, which improves both the BLER and false detection performance.
Based on the analysis performed in this contribution, the following proposal has been stated:
Proposal: Use the companion text proposal in [5], to capture in the Technical Report the description on how the HS-SCCH Type 1 can be simplified aiming at providing an easier decoding.
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