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1. Introduction

TR25.899 contains simulation results evaluating the performance of the proposed CQI Enhancement technology under a variety of conditions. 

In this paper we present further considerations and details regarding the complexity and co-existence of the technology.

2. Choice of CQI Averaging Period and Complexity Considerations

The basic simulation assumptions here are as follows:

Pedestrian A channel model

4% error rate on UL TPC commands (7% in SHO)

CQI values derived by UE in each subframe and averaged over 1 or 40 subframes

1% transmission error rate for CQI reports

DL power balancing used in SHO according to TS25.433

Timings and other assumptions are as in [1].

As explained in [1], for the best performance the error between the channel quality estimated at time of schedule-creation and the average channel quality during the HS-DSCH packet transmission needs to be minimised. 

Therefore, to compare different schemes here, we consider the RMS value of this error. 

In [2], we indicated that the best performance is achieved when the duration over which CQI values are averaged at the UE is no longer than the CQI feedback cycle k.

Simulation results in a wide variety of conditions (UE speeds, channels and SHO status) indicate that the most useful gains from CQI averaging can be achieved with averaging periods considerably shorter than the CQI feedback cycle. This reduces the length of time over which the UE needs to carry out the averaging. 

The recommended duration of the CQI averaging period for each value of CQI feedback cycle is shown in Table 1. Note that a CQI averaging period of 1 TTI is identical to the Release 5 CQI reporting scheme. 

Table 1:  Recommended CQI averaging periods

	CQI feedback cycle, k (TTIs)
	Recommended CQI averaging period 

(TTIs)

	1
	1

	2
	1

	4
	1

	5
	1

	10
	5

	20
	10

	40
	20

	80
	20


Simulation results showing the benefit from these values of CQI averaging period are shown in the following Figures:
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Figure 1: Effect of different CQI averaging periods when CQI feedback cycle k = 10 TTIs
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Figure 2: Effect of different CQI averaging periods when CQI feedback cycle k = 20 TTIs
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Figure 3: Effect of different CQI averaging periods when CQI feedback cycle k = 40 TTIs
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Figure 4: Effect of different CQI averaging periods when CQI feedback cycle k = 80 TTIs

The choice of averaging period is a trade-off between performance and complexity.  It can be seen from Figures 1 to 4 that virtually all the useful benefit from CQI averaging can be obtained with the shorter averaging periods shown in Table 1. 

Furthermore, Figure 3 and Figure 4 show that when the averaging period is 20 TTIs, the same performance can be achieved by averaging only 10 CQI values spaced alternately through the 20 TTI period. It can be seen that the phase of the alternate TTIs within the 20 TTI period does not affect the performance. 

3. Co-existence of CQI Enhancement Techniques

If additional CQI reports are requested “On Demand” or as “NACK-based” reporting, the UE will not know in advance that it will be required to transmit a CQI report. Therefore the UE would only be required to use averaging for regular CQI reports governed by the signalled feedback cycle, and not for any additional one-off reports. 

4. Signalling Requirements

For backwards compatibility (for example if a Release 6 UE is being served by a Release 5 Node B), the use of CQI averaging should be able to be signalled by the UTRAN.

5. Conclusions

The following conclusions can be drawn from the above results and discussion:

1. The UE never needs to store more than 10 CQI values for the purpose of averaging. This makes the complexity of CQI averaging very low. 

2. The CQI averaging period never needs to be longer than 20 TTIs. When the CQI averaging period is 20 TTIs, the 10 values used by the UE can be spaced alternately with arbitrary phase.

3. CQI averaging would only apply to regular CQI reports governed by the signalled CQI feedback cycle, and not to any additional one-off CQI reports. 

4. For backwards compatibility, CQI averaging should be able to be signalled by the UTRAN.

A text proposal for TR25.899 v0.2.2 is appended at the end of this document.
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--- Start of text proposal for TR25.899 v0.2.2 – to be inserted in section 6.1.3.2 after Figure 17 ---

The results in Figure 17 show that the RMS error in the channel quality value used for MCS selection is significantly reduced at all UE speeds when an averaged CQI report is transmitted compared to the case when non-averaged CQI reports are transmitted. This continues to be the case even when the DL DPCH reaches its maximum allowed power for a significant proportion of the time.
Duration of CQI averaging period

The most useful gains from CQI averaging can be achieved with averaging periods considerably shorter than the CQI feedback cycle. This reduces the length of time over which the UE needs to carry out the averaging. 

The recommended duration of the CQI averaging period for each value of CQI feedback cycle is shown in Table X. Note that a CQI averaging period of 1 TTI is identical to the Release 5 CQI reporting scheme. 

Table X:  Recommended CQI averaging periods

	CQI feedback cycle, k (TTIs)
	Recommended CQI averaging period 

(TTIs)

	1
	1

	2
	1

	4
	1

	5
	1

	10
	5

	20
	10

	40
	20

	80
	20


As an example for the case of k = 40, Figure Z shows that an averaging period of 20 TTIs using 10 CQI values computed in alternate TTIs gives equivalent performance to an averaging period of 40 TTIs.
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Figure Z: Effect of different CQI averaging periods when CQI feedback cycle k = 40 TTIs
This means that the UE would never need to store more than 10 CQI values for the purpose of averaging. 

Other considerations
As stated already above the expected benefits of variable and averaged CQI reporting are improved system performance, a reduced number of retransmissions, improved MCS selection, scheduling and a reduction in UL signalling. However some additional operations compared to Release 5 have to be introduced:
UE side

· The UE transmits CQI reporting not only periodically, but also whenever it receives HS-PDSCH (activity-based), or whenever it receives HS-PDSCH in error (NACK-based) and whenever it receives a fast layer 1 signalling message (ODM).

· The UE will need to compute an average of CQI values, derived from a stored sequence of no more than 10 values from a period no longer than 20 TTIs.

The UE would only be required to use averaging for regular CQI reports governed by the signalled feedback cycle, and not for any additional “on-demand” or “NACK-based” reports. 

Node B side

· In addition to the Release 5 periodic scheme, the Node B receives a CQI field in HS-DPCCH at the same sub-frame as ACK/NACK or NACK and decodes this field always (activity-based) or whenever it detects a NACK (NACK-based).

· In addition to the Release 5 periodic scheme, the Node B receives and decodes the CQI information which is initiated by fast layer 1 requests. Furthermore some additional complexity needs to be added to the scheduler (vendor specific) e.g. a reference implementation may request an additional CQI value using fast signalling on the HS-SCCH only if the last CQI is older than some 10 TTIs and if the waiting data corresponds to more than 6 TTIs according to the current CQI.
6.1.1.3 Impacts on other WGs

Basically, it doesn't impact on any other WGs to introduce enhanced CQI reporting. However, if we need the switch to turn these functions on/off, NBAP and RRC signalling may be needed like signalling of feedback cycle k. The following specific requirements have been identified:
· For the sake of backwards compatibility (for example if a Release 6 UE is being served by a Release 5 Node B), the use of CQI averaging should be able to be signalled by the UTRAN.
--- End of text proposal ---
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