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1. Introduction

The specifications for HSDPA do not currently indicate the timing or duration of the measurements which the UE makes for the purpose of reporting CQI.

Generally it is not considered necessary to specify details for which suitable bounds can be set by means of performance requirements specified by RAN WG4.

However, in the case of the channel quality measurements, there are other factors which make it necessary to specify some details. 

Firstly, we note that if the Node B is to be able to make effective use of the power control loop to update the CQI values which it receives, it needs to know when the measurement corresponding to a CQI value was made. As a minimum, it is therefore necessary to specify a time instant relating to the measurement, for example the end of the measurement period. 

Secondly, there can be situations when better performance can be obtained by varying the length of the UE's measurement period.  We consider this in more detail below. 

2. Simulation Results and Discussion

When the UE is moving at low-speed, the downlink channel changes sufficiently slowly for each reported CQI value to remain valid for some time. Up to moderate speeds, the Node B may use the closed loop power control to update the estimated DL SIR between the time when the measurement is reported and the transmission of the next HSDPA packet  (e.g. see results in [1]). 

However, at high speeds (e.g. 120km/h) the closed loop power control does not operate fast enough to enable the Node B to use it to update reported CQI values, and only a small gain in performance can be achieved.

However, if the duration of the UE's measurement could be increased, the CQI value would represent an average channel quality over some longer period of time. 

Figure 1 and Figure 2 show the delay performance at 60km/h and 120km/h for a CQI reporting cycle of 100 sub-frames, for various different measurement durations. As a reference, results are also included for the case of CQI reported every sub-frame
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Figure 1:  Delay performance at 60km/h for various channel measurement durations
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Figure 2:  Delay performance at 120km/h for various channel measurement durations

It can be seen that at these speeds the performance can be significantly improved without needing a high CQI reporting rate. 

If a long averaging period is chosen for the DL channel quality measurement at 120km/h, such as 15 – 150 slots, then there is virtually no degradation in performance up to the maximum achievable throughput. Furthermore, by using a long averaging period at 120km/h, better performance can be achieved than with a short measurement reported every sub-frame. 

Clearly, however, it would not be desirable to use a long averaging period for the DL channel quality measurement at low speeds where the Node B can easily track the channel using the power control loop. 

Therefore we propose that the network should be able to signal to the UE to use a longer measurement period when conditions indicate that this would be beneficial. 

The ability to instruct the UE to signal the average value of the channel quality would be particularly beneficial in SHO, when the Node B is not able to use the power control loop to track the channel. By using the average channel quality, the uplink signalling rate could be reduced in SHO, resulting in a useful reduction in interference at a time when the UE uplink transmission can affect the capacity of more than one cell. 

5.  Conclusions
It is necessary to specify a time instant to which the UEs channel quality measurements relate, in order to enable the Node B to make effective use of the power control loop for tracking the channel. We propose that the measurement period should be defined to end 1 slot before the start of the first slot in which the corresponding CQI value is transmitted on the HS-DPCCH.

Further, at UE speeds where the power control loop is too slow to allow the Node B to update accurately the reported CQI values, the required performance can be achieved with a low CQI reporting rate if the UE makes channel quality measurements over a longer period of time, and reports the average channel quality in the CQI field. 

This method avoids the need for frequent CQI transmissions, and can therefore significantly reduce uplink interference. If a measurement period of 150 slots is used, in conjunction with a reporting interval of 100 sub-frames, there is virtually no degradation in delay right up to the maximum achievable throughput, and the performance achieved can be even better than with a short measurement reported every sub-frame. 

A signalled "measurement length" parameter would enable 2 different measurement durations to be signalled to the UE. Useful values would be 1 slot or 150 slots.

A CR is provided with this document to implement these corrections. 

6.  Reference

[1] R1-02-0920 “HSDPA Performance and CQI reporting Cycle”, Philips

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) = 20

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

· Propagation exponent =3.76

· Single path Rayleigh fast fading model (“Classical” Doppler spectrum) 

· 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

· Modulation and Coding Schemes : 

· 1
QPSK ¼ rate 

· 2
QPSK ½ rate 

· 3
QPSK ¾ rate

· 4
16-QAM ½ rate 

· 5
16-QAM 3/4 rate 

· 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 = 2 TTI’s (This is the minimum time between a first transmission and a subsequent retransmission. It includes a delay for signalling the ACK/NACK.

· Scheduling delay = 2 slots (Delay between Node B decision on the schedule and start of data transmission)

· CQI transmission delay = 5 slots (Delay between channel measurement and reception at Node B.) 

· 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
1dB rms

· Simulation duration 5400 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 of10

CQI transmission

· Quantisation step: 1dB

· Number of Quantisation levels used : 30

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

· Power control step size: 1dB (for use in tracking channel quality)

Scheduling Algorithm

The parameters considered for use by the scheduler are:

· The UE to which the most recent transmission was scheduled

· The CIR at the UE (as determined 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).

By default, 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.
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