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1. Introduction

The TR25.899 contains simulation results demonstrating that HSDPA can achieve improved performance if the CQI report is based on an average of the channel quality. Results are shown at the link level in a variety of channel conditions, and at the system level with a single-path Rayleigh fading channel. 

In this contribution we present further system-level simulation results for reporting averaged CQI values, this time in a Vehicular A channel model, as requested at RAN1#35.

2. Simulations

The simulation assumptions are as used previously and repeated in Annex A for reference. In particular, a proportional-fair scheduler is used and a Vehicular A channel model.  The downlink transmit power and CQI reports are used to derive the HS-DSCH MCS for each TTI, as described in TR25.899 section 6.1.1.1.

We show results for a mixture of UE speeds, and assume that the Node B has no knowledge of the speed of individual UEs. Consequently the same CQI averaging is applied to all UEs regardless of their speed.

A CQI feedback cycle of 40 TTIs is used. The duration of the CQI averaging period is indicated by the parameter NCQI-av.
The throughput results are shown in Figure 1. The offered load and throughput are both in terms of user-data.
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Figure 1: Total throughput in Vehicular A channel
3. Discussion and Conclusions

Figure 1 shows that increasing the duration of the CQI averaging period from 1 to 20 TTIs increases the maximum throughput by about 10% in the Vehicular A channel. This benefit is obtained irrespective of the mix of UE speeds.

The results support the conclusion from the other system-level and link-level simulation results already in TR25.899, confirming that reporting an average of CQI measurements can give a useful increase in HSDPA throughput. 

The results also confirm that the Node B does not need to be aware of the speed of individual UEs in order to obtain a benefit from CQI averaging.
Text proposals for the TR on HSDPA Enhancement (25.899) follow:

-- Start of first text proposal for TR25.899v0.3.3  section 6.1.1.2 after Table 4 --

The following Figures illustrate the benefits of reporting an averaged value of CQI. 
Figures 21 and 22 show simulation results for a single-path Rayleigh fading channel, in non-SHO, for various values of CQI feedback cycle, K, and CQI averaging period, NCQI-av. The offered load and throughput shown are both in terms of user-data.

-- End of first text proposal for TR25.899v0.3.3  section 6.1.1.2 --

-- Start of second text proposal for TR25.899v0.3.3  section 6.1.1.2 after Figure 22 --

Figure 23 shows simulation results for a Vehicular A channel model for different values of CQI averaging period, NCQI-av. with a CQI feedback cycle, K = 40TTIs. The offered load and throughput shown are both in terms of user-data.

The traffic model, scheduler and method for derivation of channel quality for scheduling are all as for Figures 21 and 22. 

Figure 23 shows that increasing the duration of the CQI averaging period, NCQI-av, from 1 to 20 TTIs increases the maximum throughput by about 10% in the Vehicular A channel. This benefit is obtained irrespective of the mix of UE speeds, confirming that network knowledge of UE speeds is not necessary in order to benefit from the reporting of an averaged value of CQI.
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Figure 23:  Total throughput in Vehicular A channel, K=40 TTIs
Figures 24 and 25 consider the following aspects:

· sensitivity to CQI transmission errors;

· suitable values for NCQI-av-subset (the number of the NCQI-av subframes for which a CQI value is derived at the UE).
Figures 24 and 25 show separate results for the following cases:

· a CQI transmission error rate of 0.01;

· CQI reports equal to the average of CQI values relating to every other sub-frame during the NCQI-av subframe averaging period (i.e. NCQI-av-subset = NCQI-av/2). 

It can be seen that neither of these factors have any significant effect on performance. 

-- End of second text proposal for TR25.899v0.3.3  section 6.1.1.2 --

Annex A: Simulation Assumptions

System Details

The following assumptions are used unless otherwise stated:-

· Hexagonal 19-cell layout

· Representative segment of central cell considered for throughput estimate

· Number of UE’s (per cell) = 30

· Static TTI = 3slots (2ms) = 1 subframe

· Propagation exponent =3.76

· Vehicular A multipath fading model (“Classical” Doppler spectrum, with clipped amplitude)

· Channel conditions stationary during a sub-frame, derived from an average over the subframe.

· Standard deviation of log-normal shadowing = 8dB

· Shadowing correlation between sites = 0.5

· Thermal noise neglected

· 10% of Node B power allocated to Common Pilot in all cells

· 30% of Node B power allocated to common channels (including pilot) in all cells

· 70% of Node B power allocated to HSDPA in all interfering cells

· 70% of Node B power available to HSDPA in wanted cell

· Number of HS-SCCH at the Node B = 4

· Number of HS-SCCH monitored by UE = 4

· Overheads due to dedicated channels associated with HSDPA not considered

· 10 spreading codes available for HSDPA 

· UE capability: 5 spreading codes

· Spreading factor = 16

· Equal transmission power per code.

· FER: from SIR and block code performance bounds (see  TSGR1#16 (00) 1202, “Throughput of HSDPA”, Philips)

· Perfect channel estimation for decoding at UE

· Fraction of received energy recovered: 0.98 

· Signalling assumed to be error free

· Minimum re-transmission delay = 3 TTI’s (Minimum time between a first transmission and a subsequent retransmission. It includes a delay for signalling the ACK/NACK.

· Scheduling delay = 2 TTI’s  (Minimum delay between a packet arriving at the Node B and start of data transmission)

· Inter-TTI capability of UEs:  1

· Error in Downlink C/I estimation at Node B

· Contribution due to SIR of pilot bits at UE:


SIR dependent

· Contribution assumed from various implementation losses
0.5dB rms

· Simulation duration 3000 TTI’s

Traffic Model

To represent streaming services we assume that the offered load is comprised of one constant rate data stream per UE. For simplicity we also assume equal bit rates for each data stream. The data for each user is assumed to arrive at a queue in the Node B, and the queue is updated every TTI.

ARQ scheme 

We assume that one CRC is attached per packet.

As a default, Chase combining of re-transmissions is assumed. An erroneous packet is re-transmitted with the same MCS. Perfect maximum ratio combining is assumed, and the final SIR is computed as the sum of the SIR’s of the two packets to be combined.

Total number of transmissions per packet is limited to a maximum of 10

CQI transmission, power control and timing 

Parameters for CQI transmission

· Measurement duration: 3 slots

· Quantisation step: 1dB

· Number of Quantisation levels used: 30

· Lowest quantisation level: CIR of –10dB (assuming all Node B power is allocated to HSDPA)

Parameters for power control loop used for channel tracking


Step size: 1dB


Delay: 1 slot


SIR estimation error model: Log-normal, 0.5dB standard deviation


Power control error rate: 0.04

The timing in Figure A1 is applies for modeling Release 5.
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Figure A1: Summary of timings for CQI reporting and HS-DSCH schedule creation

We assume that the transmission schedule at the Node B would be created during the slot which is 3 slots before packet transmission (since the relevant information has to be sent on the HS-SCCH). Due to constraints in the simulator structure we further assume that the minimum delay between the start of the CQI measurement and start of packet transmission is 3 subframes (9 slots), whereas this should be 10.5 slots for Rel 5. 

In the case where more than one CQI value is averaged, the additional successive values included in the average would be those before the CQI measurement shown in Figure A1.  

Scheduling Algorithm

The parameters which may considered for use by the scheduler are:

· The UE to which the most recent transmission was scheduled

· The CIR signalled by the UE

· An estimate of the CIR applicable for the time of packet transmission (made by the Node B)

· The long-term average CIR at the UE.

· The amount of data in the queue at the Node B.

· The UE capability (e.g. The maximum number of channelisation codes that the user can receive).

A proportional fair scheduler is used, which preferentially sends data to users with the highest value of Queue_length x Instantaneous_CIR/Average_CIR.

In general we assume that:

· A data packet for any user can be allocated to any chanelisation code.

· More than one channelisation code can be allocated to one user. The code block size is equal to the amount of data that can be sent with one channelisation code, which means that a “packet” may comprise multiple code blocks sent in parallel within one TTI.

· Re-transmissions and first transmissions to the same user are not allowed within the same TTI.

· The modulation, coding scheme and power level for first transmissions are chosen to maximise throughput.

· All re-transmissions are scheduled before first transmissions, thus giving them a higher priority, and no first transmissions are allowed to a UE while any re-transmissions remain to be sent.  

· The modulation and coding scheme of a re-transmission is the same as for the first transmission.
· The available channelisation codes are allocated in sequence, until the total available power is exhausted.

Channel quality is estimated using equation 6.1.1.3 in TR25.899.

_1138186733.bin

_1138197686.bin

_1126599986.doc


CQI







CQI







CQI measurement



(as in Rel 5)







min 1 slot 







Sub-frame    “Tlast”







min 2.5 slots (this may be longer if the CQI feedback cycle k is longer (e.g. up to 40 or 80 TTIs)







2 slots







HS-SCCH







HS-PDSCH







HS-DPCCH







Nav CQI values averaged together for reporting







Schedule creation for 



shaded HS-PDSCH TTI







CQI measurement



(as in Rel 5)







time tsched












