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This text proposal for the TR on HSDPA Enhancements is shown relative to the text in R1-030286. 

The content of the text proposed here is based on R1-030242 “Further simulation results on CQI averaging”, and gives more details on the evaluation assumptions, together with some intial simulation results.

------Start of Text Proposal--------

6.1.3.2
Evaluation and Benefits
The main benefits of this enhancement are expected to lie in the following areas:

· Improved packet throughput and delay due to more suitable choice of MCS and scheduling.

· Reduced uplink interference from CQI transmissions due to greater ability to use low CQI reporting rates. 

Some relevant references are as follows:

R1-030089

R1-030127
R1-030242
The following evaluation is for the case of reporting averaged CQI values, as described in detail in section 6.1.3.1.1 above. 

The following figures show simulation results for various values of CQI feeback cycle, K, and CQI averaging period, NCQI-av. The derivation of channel quality for scheduling is as described in equation 6.1.3.2 above, using the downlink DPCCH power with a calibration derived from the most recent CQI report. A streaming traffic model and a proportional-fair scheduler are used. 

The offered load and throughput shown are both in terms of user-data.

In principle, it may be possible for the Node B to determine the speed of movement (or rate of change of channel) for each UE. In this case the parameters for CQI reporting and the scheduling policy could both be optimised with respect to speed. However, it is also desirable to consider the case where the Node B has no knowledge of the speed of individual UEs. Therefore the following results are for an arbitrary mixture of high and low speeds, where half the UEs have a speed of 3kmph and the other half have a speed of 120kmph.
Figure 1 and Figure 2 are for the non-soft-handover case. 
Figure 1 shows that the total throughput is independent of the CQI feedback cycle, K. This confirms that the channel tracking based on power control is effective for long reporting periods. This Figure also shows that increasing the value of NCQI-av from 1 to 40 increases the maximum throughput by about 10%. This benefit is obtained irrespective of the CQI feedback cycle.
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Figure 1: Total throughput, mixed UE speeds, 3km/hr and 120km/hr, non-SHO

Note that the black and green curves are almost identical, as are the red and blue curves.

Similarly, Figure 2 shows that the packet delay is substantially independent of the CQI feedback cycle. Increasing the value of NCQI-av from 1 to 40 reduces the delay, particularly at high loads.
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Figure 2: 95 percentile delay, mixed UE speeds, 3km/hr and 120km/hr, non-SHO
Figure 3 and Figure 4 are for the soft handover case.  These Figures show that a low CQI feedback cycle is required in order to achieve the highest throughput and lowest delay in SHO. It can also be seen that in this case performance is reduced by the use of a long-term average channel quality in the scheduler.
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Figure 3: Total throughput, mixed UE speeds, 3km/hr and 120km/hr, SHO
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Figure 4: 95 percentile delay, mixed UE speeds, 3km/hr and 120km/hr, SHO
Figure 5 and Figure 6 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).

Figure 5 and Figure 6 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. 
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Figure 5: User throughput, mixed UE speeds, 3km/hr and 120km/hr, non-SHO, 
CQIerr = Error rate of CQI transmission, 
Ns = Separation between CQI measurements at UE (in subframes)
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Figure 6: 95 percentile delay, mixed UE speeds, 3km/hr and 120km/hr, non-SHO,
 CQIerr = Error rate of CQI transmission, 
Ns = Separation between CQI measurements at UE (in subframes)
The results presented above show that increasing the averaging period for CQI reports can allow the CQI reporting rate to be reduced without loss of HSDPA throughput. This leads to a potential reduction in uplink interference, and an increase in throughput.

If we model the uplink as a pipe supporting some total value of raw bit rate with each bit having equal Eb/No requirements, then each uplink DPCCH would require 15kbps. The power of the HS-DPCCH may be up to 6dB higher than DPCCH, but CQI only occupies 2 out of 3 slots. So a CQI transmission at the maximum rate and power could consume the equivalent of up to 40kbps raw bit rate per user.

The fraction of total uplink throughput required to support CQI transmissions can be expressed approximately as
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Where Nuser is the number of HS-DPCCH users, PCQI is the average power ratio of a CQI transmission with respect to DPCCH (which has a maximum of 4), K is the CQI feedback cycle in subframes, and Ruplink is the total raw bit rate in the uplink. A value for Ruplink of 3Mbps seems reasonable. This is consistent with a cell capacity of the order of 1Mbps (user data with 1/3 rate turbo coding).

As an example, if Nuser = 30, PCQI = 1, K = 1, Ruplink = 3Mbps, then FCQI = 0.1. This means that CQI transmission would consume more than 10% of the useful uplink resources. This is about the same as required for the DPCCH’s for the same number of users.

Considering users in soft hand over (N’user) and non-soft handover (N”user) separately gives: 
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The simulation results above show that with CQI averaging it is possible to reduce the reporting rate of the users in non-soft handover. So, as an example, if N’user = 10 and N”user = 20; K’ = 1 and K” = 40, then FCQI = 0.035. This is equivalent to an increase in uplink capacity of about 6.5% compared with the case without CQI averaging. 

With larger numbers of users the improvement in total capacity would be correspondingly greater, particularly as a larger fraction of the uplink would be devoted to control channels.

------End of Text Proposal--------
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