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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 triggered by re-using the legacy CQI reports.
2 Background
As it was explained in [EricssonPaper3], 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.
In relation to this, a mechanism reflecting the radio conditions being undergone by the UEs needs to be used for triggering the usage of the simplified HS-SCCH Type 1. On this matter, the SID emphasises that “if possible by making use of legacy mechanisms”.
Following the SID recommendation, the subsection below describes how the simplified HS-SCCH could be trigged by re-using the legacy CQI reports.
3 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.

3.1 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.
3.1.1 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 1.
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Figure 1: Distribution of UE within a cell radius of 0.5Km
As can be seen from Figure 1 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.
3.1.2 Path-loss Estimation
The path loss model in the methodology is described in [3], and is the same as the one used during the evaluations of Multicarrier Enhancements for UMTS [4]. 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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(1)
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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(3)
The path-loss considering a carrier frequency at 900MHz was evaluated up to 500 meters, later on and following the assumptions in [5], 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 2.
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Figure 2: Path-loss and Rx Power at 900MHz up to 0.5Km
3.1.3  Observed CQI distribution
Once the UEs were randomly distributed as depicted in Figure 1, 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 3: 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 [6]), 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.
3.1.4 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 4: 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.
Proposal: Use the companion text proposal in [7], to capture in the Technical Report the description on how the HS-SCCH Type 1 can be triggered by re-using the legacy CQI reports.

4 Conclusions 

This contribution describes how HS-SCCH Type 1 can be triggered by re-using the legacy CQI reports:
· 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).

· 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.

· 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 in detail under section 3.1.
· 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 []), which is aligned with the usability of a simplified HS-SSCH.

· The obtained results as indicated by a CDF have shown that there is a probability of around 57% of getting CQI values below or equal to 6.
· 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.
Based on the analysis performed in this contribution, the following proposal has been stated:
Proposal: Use the companion text proposal in [7], to capture in the Technical Report the description on how the HS-SCCH Type 1 can be triggered by re-using the legacy CQI reports.
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