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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

The HS-SCCH is a downlink control channel used for scheduling HS-DSCH transmissions as well as for instructing the UE to perform specific actions via HS-SCCH orders
The HS-SCCH is a downlink control channel that is monitored by the UE at all path-loss conditions within the cell. According to current observations the HS-SCCH can become limiting and costly in bad radio conditions since the power invested in the HS-SCCH limits the available power for the HS-PDSCH.  
The decoding of the HS-SCCH is performed by testing against all the codewords that can be carried over the HS-SCCH since any of those codewords could have been transmitted in downlink. Nonetheless an important aspect to consider is that under bad radio conditions only a small subset of the codewords carried over the HS-SCCH can occur in practice. 
This is something that can be considered to enhance and simplify the decoding of the HS-SCCH channel.
1
Scope

The present document refers to a study on a simplified HS-SCCH for UMTS, which is aimed at simplifying the decoding of the HS-SCCH Type 1 for UEs undergoing bad radio conditions.
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3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

CCS
Channelization Code Set
L1
Layer 1
MS
Modulation Scheme

4
Objectives
The objectives of this SI are [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.

5
Technical background

The HS-SCCH Type 1 is a downlink control channel used for scheduling HS-DSCH transmissions as well as for instructing the UE to perform specific actions via HS-SCCH orders.
There are different HS-SCCH types, for example the HS-SCCH type 3 and 4 are used when the UE is configured in MIMO mode, and MIMO mode with four Antennas, while the HS-SCCH type 2 known as “HS-SCCH less” is used for not having to transmit the HS-SCCH associated to the incoming DL data, reason why a blind detection has to be performed at the UE side. 

From all different HS-SCCH types, this study item is intended to simplify the HS-SCCH Type 1 aiming at facilitating the decoding of this control channel for UEs undergoing unfavorable radio conditions. In relation to it, below there is a description of the fields contained on the HS-SCCH control information Type 1 [4]:
Structure of the HS-SCCH Type1 (Regular Control Information)
· Channelization-code-set information (7 bits): xccs,1, xccs,2, …, xccs,7
· Modulation scheme information (1 bit): xms,1
· Transport-block size information (6 bits): xtbs,1, xtbs,2, …, xtbs,6
· Hybrid-ARQ process information (3 bits): xhap,1, xhap,2, xhap,3
· Redundancy and constellation version (3 bits): xrv,1, xrv,2, xrv,3
· New data indicator (1 bit): xnd,1
· UE identity (16 bits): xue,1, xue,2, …, xue,16
The HS-SCCH control information is transmitted in one subframe, which is composed by three slots. Both, the “Channelization-code-set information” and “Modulation scheme information” are transmitted in the Slot 0 (known as HS-SCCH part 1), while the “Transport-block size information”, “Hybrid-ARQ process information”,” Redundancy and constellation version”, and the “New data indicator” are conveyed over Slot 1 and Slot 2 (Known as HS-SCCH part 2). The “UE identity” is masked in both HS-SCCH part 1 and part 2, as part of the L1 processing chain. 

The L1 processing chain of the HS-SCCH Type 1 is depicted below in Figure 1 [4].
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 Figure 1: Coding chain for HS-SCCH type 1
The description of Figure 1 is as follows. On the left hand side, “XUE” refers to the encoding version of the UE ID that is masked with the outcome of the branch dealing with the encoding version of the CCS and MS bits. On the other hand, the branch on right hand side refers to the encoding process of the bits carried on the HS-SCCH part 2, which are carried over both slot 1 & slot 2. At this point it is relevant to mention that regardless of the pursued simplification of the HS-SCCH Type 1, the Coding chain depicted in Figure 1 shall be kept unmodified, since the SID enunciates that “the L1 processing chain as described in the current UMTS standard shall be reused and no changes are allowed” [3].
Once the structure of the HS-SCCH type has been described, a very important performance aspect that needs to be highlighted is that the detection/decoding of the Part I (slot 0) needs to be considered as “passed” before proceeding to decode the Part II (slot 1 & 2) of the HS-SCCH. This means that the detection and decoding of slot 0 is a key aspect of the performance of the HS-SCCH.
Based on the above, the potential simplification of the HS-SCCH will be focused on enhancing 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.
6
A simplified HS-SCCH
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.

6.1 CCS and MS bits
6.1.1 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 2.
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Figure 2: Channelization Code Set

6.1.2 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 

6.2 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 3), instead of having to apply decoding hypothesis on the full matrix (see Figure 2).
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Figure 3: 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)|.
6.3 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.
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 4 and 5 respectively.
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Figure 4: Tuning the legacy HS-SCCH type 1 (slot 0) to fulfil 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 5: Tuning the legacy HS-SCCH type 1 (slot 0) to fulfil 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 6 and 7 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 bits are assumed to be known).
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Figure 6: Tuning the simplified HS-SCCH type 1 (slot 0) to fulfil the False Detection rate
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Figure 7: 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 8, 9, and 10 respectively.
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Figure 8: 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 9: 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 10: 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).
8
Triggering Mechanism

8.1 CQI reports as triggering mechanism

Aiming at providing an easier decoding for UEs undergoing bad radio conditions, a simplified version of the HS-SCCH Type 1 has been proposed, which at most indicates the usage of QPSK with 1 code for the incoming HS-DSCH transmission.

Within this context, the legacy CQI reports might be used as the triggering mechanism for the usage of a simplified version of the HS-SCCH. More concretely, it has been envisioned that the simplified the HS-SCCH can be transmitted in DL upon the reception of CQI reports containing low values (e.g., CQI values from 1 to 6).

This way, a UE that has reported a low CQI value will know that it should expect the transmission of “a simplified HS-SCCH Type 1” in return, which will allow the UE performing an easier decoding since it will be known that 4 out 8 bits carried on the HS-SCCH part I are fixed (MS and CGI bits). The above will allow reducing the universe of codewords from which the UE has to recover the transmitted bit sequence.

If the legacy CQI reports are intended to be adopted as triggering mechanism for the simplified HS-SCCH, then the distribution of the CQI reports has to be analysed, which will allow us to find out what is the probability of observing low CQI values. This is modelled and analysed in the subsection below.

8.1.1
Modelling the CQI distribution
Aiming at modelling the CQI distribution, a Monte Carlo analysis was performed over a population of UEs which were uniformly distributed within a cell. The modelling of the CQI distribution is basically composed of four steps, the uniform distribution of UEs, the estimation of the path-loss and SINR estimation for each of the UEs, the observed CQI distribution, and a CDF analysis. The above steps are described one by one below.
8.1.1.1 UEs distribution

In the very first step of the Monte Carlo analysis, a number of UEs were uniformly distributed within a cell of 500 meters just as it shown in Figure 11.
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Figure 11: Distribution of UE within a cell radius of 0.5Km
As can be seen from Figure 11 the users were randomly distributed without letting any coverage gap, which confirms that the users were uniformly distributed along the cell’s coverage. An important aspect to highlight is that as matter of fact the center of the cell which is associated to good coverage is smaller than the remaining geographical area hosting the rest of the users, which is an aspect to consider at moment of understanding the reported CQIs.
8.1.1.2 Path-loss Estimation

The path loss model in the methodology is described in [9], and is the same as the one used during the evaluations of Multicarrier Enhancements for UMTS [10]. This model is applicable for scenarios in urban and suburban areas outside the high rise core where the buildings are of nearly uniform height. The path loss formula is defined in dB as
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where:
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is the base station – UE separation in kilometers;
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is the carrier frequency, which is 2000 MHz or 900MHz, depending on the band allocation.
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 is the base station antenna height, in meters, measured from the average rooftop level. The base station antenna height is fixed at 15 meters above the average rooftop (
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= 15 m).  
Considering a carrier frequency of 900 MHz and a base station antenna height of 15 meters, the formula becomes 
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Considering a carrier frequency of 2000 MHz and a base station antenna height of 15 meters, the formula turns out to be 
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The path-loss considering a carrier frequency at 900MHz was evaluated up to 500 meters, later on and following the assumptions in [11], the received power was computed by assuming a Ptx = 31.7dB, Gtx = 8dB, and Grx = 0dB. The result for both the path-loss and the received power is shown in Figure 12.
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Figure 12: Path-loss and Rx Power at 900MHz up to 0.5Km
8.1.1.3 Observed CQI distribution

Once the UEs were randomly distributed as depicted in Figure 11, the path-loss and received power was computed for each of them as function of their geographical location within the cell. Moreover, a source of interference was added aiming at obtaining SIRN estimates. On this matter, the geometry is used for controlling the amount of observed interference, which typically ranges from -3dB to 6dB. An average geometry of 4dB was used for not having a so severe interference, otherwise even more low CQI values would be observed. 
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Figure 13: CQI report distribution

The histogram above counts with exactly 30 bins matching all the possible CQI reports that can be transmitted by a UE. On this matter, and according with the UMTS standard, the CQI values ranging from 1 to 6 are the ones associated with the usage of the QPSK modulation along with 1 code only (see CQI mapping Tables in [12]), which is aligned with the usability of a simplified HS-SSCH. In the following subsection shows the cumulative distribution function (CDF) of the CQI distribution depicted above.

8.1.1.4 PDF Analysis

The CDF depicted below shows that there is a probability of around 57% of getting CQI values below or equal to 6.
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Figure 14: CDF of the CQI distribution
The simplified HS-SCCH is intended to improve the decoding performance of such a population of UEs that are undergoing bad radio conditions, and therefore are reporting low CQI values. In case the reported CQI obtained at the Node B won’t be the same as the one transmitted by the UE the following cases arise:

· UE transmits a CQI greater than 6 but the Node B decodes less than or equal to 6: The performance of this enhancement will be the same as the legacy.
· UE transmits a CQI less or equal to 6 but the Node B decodes a CQI greater than 6: In such a scenario the UE would expect a simplified HS-SCCH and it would fail to decode the received HS-SCCH reliably. However an intelligent UE can attempt a legacy HS-SCCH Type 1 decoding.
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