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1. General

This text proposal is for the TR on HSDPA Enhancements, 25.899v0.2.0. It merges the current proposals on CQI enhancement.

The content of the text proposal supersedes R1-030696 and R1-030834. 

2. Text Proposal for Chapter 5

5.1.1 Enhanced CQI Reporting

The technology described as “Enhanced CQI Reporting” extends the Release 5 feedback cycle based CQI scheme by introducing tuneable reporting rates through additional CQI reports during periods of downlink activity and fewer reports at other times. The additional CQI reports are initiated implicitly with every ACK and/or NACK and through the possibility of requesting them on demand using fast layer 1 signalling. Requesting CQI reports by means of fast layer 1 signalling is especially advantageous prior to the first packets of a packet call, while implicit ACK/NACK based CQI reports are efficient after the transmission of packets has already started. In addition, a number of successive CQI values (as defined by the Release 5 specifications) may be averaged (i.e. logarithmically with respect to channel quality) at the UE, and the averaged value reported.

The motivation for this technology is to improve the performance of HSDPA. The UL signalling overhead may be reduced, while ensuring that up-to-date CQI information is available at the time of downlink activity for efficient scheduling and rate selection. The scheduling and rate selection may also benefit from the UE basing the CQI report on some measure of the average channel quality rather than on the instantaneous quality. Additionally, by fast layer 1 messages - used to trigger extra CQI transmissions - the performance of the first packets of a packet call can be improved and the number of retransmissions can be reduced. Fast layer 1 signalling is realized by utilizing the redundant area of the channelization code set mapping of the HS-SCCH.
5.1.2 


5.1.3 

· 
· 
· 



 

3. Text Proposal for Chapter 6
6.1.1
Enhanced CQI Reporting
Editor's note : The details of proposed schemes including some points changed from Release 5 specification shall be described.


6.1.1.1 Features
The enhanced CQI reporting method builds on the current Release 5 specifications. The specification relating to the method of deriving an individual CQI value by the UE would not be changed. Enhanced CQI reporting may be performed as activity based CQI feedback or NACK based CQI feedback scheme assisted by extra CQI reports requested by fast layer 1 signalling and/or by reporting averaged CQI values. 
1. 
If CQI feedback is activity based, CQI information is sent with every ACK or NACK of HS-PDSCH data in addition to periodic reporting whose period is determined through higher layer signalling. Note that due to the bursty nature of data traffic, when a transmission is performed to a UE, it is likely that more transmissions or HARQ retransmissions will occur to the same UE within a short period of time. Therefore, this method makes up-to-date CQI information available to the Node B for future transmissions to the UE.  
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Figure 1: Diagram illustrating activity-based CQI feedback. The additional CQI feedbacks that are triggered by downlink activity are shown in red.

2. 
If CQI feedback is NACK based , CQI information is sent with negative acknowledgement (NACK) of HS-PDSCH data in addition to the Release 5 periodic reporting whose period is determined through higher layer signalling. Figure 2 outlines the scheme.
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Figure 2. Diagram illustrating NACK-based CQI feedback. The additional CQI feedbacks that are sent along with NACKs of HS-PDSCH data are shown in red.
Both alternatives (NACK based and activity based CQI feedback) can be assisted by extra CQI reports requested by fast layer 1 signalling on demand (ODM). The new layer 1 message, which is signalled on the HS-SCCH utilizes the redundant area of the channelization code-set mapping. Table 1 describes a possible solution and Figure 3 depicts the HSDPA channelization code-set mapping.

	Bits [xccs,1, ..., xccs,7]
	Purpose
	Remarks

	000 0000 … 110 1111
	Used by Release-5
	Defines the Channelization Code-Set used on the HS-DSCH 

	111 0000
	Unused in Release-5, used for Fast CQI Request
	Request an additional CQI report (REQ)

	111 0001 … 111 0111
	Unused in Release-5
	Reserved for future extensions

	111 1000 … 111 1111
	Used by Release-5
	Defines the Channelization Code-Set used on the HS-DSCH 


Table 1: Utilization of Channelization Code-Set Mapping for On-Demand CQI Reporting (ODM)
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Figure 3: Channelization Code-Set Mapping on HS-SCCH
To report averaged CQI values the current specifications regarding the reporting of CQI values would be enhanced, to enable the network to instruct the UE to store its derived CQI values for a defined period, and to report an average of those values. 

The period over which CQI values are stored and averaged is defined as a number of sub-frames, NCQI-av. NCQI-av could be signalled explicitly or implicitly by the network, or predefined. If implicit signalling of NCQI-av is used, this may be related to the signalling of the CQI feedback cycle, k.
When NCQI-av = 1, the UE reports the most recently-derived integer CQI value, relating to the 3-slot reference period ending 1 slot before the start of the first slot in which the reported CQI value is transmitted, as per the Release 5 specifications.  

When NCQI-av > 1, the UE reports the mean of the derived integer CQI values relating to a number NCQI‑av‑subset of the NCQI-av consecutive 3-slot reference periods ending 1 slot before the start of the first slot in which the reported CQI value is transmitted. Setting NCQI-av-subset to a value less than NCQI-av allows the UE to avoid deriving a CQI value in every reference period during the NCQI-av sub-frames. 

If NCQI-av-subset < NCQI-av, the exact value of NCQI-av-subset relative to NCQI-av may be implementation-dependent, but restrictions may be specified regarding its valid range and the particular pattern of reference periods which is included in the calculation of the mean. Details of such restrictions are FFS, but one example could be as follows:

· NCQI-av-subset shall be greater than 1 and greater than or equal to NCQI-av/2,   and
· the NCQI-av-subset reference periods for which CQI values are derived and included in the calculation of the mean shall not be separated by more than 6 timeslots

It is not envisaged that the use of NCQI-av > 1 would require any new specifications in relation to processing of received CQI information at the Node B. However, for the purposes of evaluating this technology, the following general kind of behaviour is assumed:

For creating a downlink packet schedule in the timeslot tsched, it is assumed that the Node B derives a downlink channel quality metric, CQ(tsched), as a function of previously-received CQI reports and previously-recorded downlink power levels on the associated DPCCH, Pdch. In general, this can be represented as:
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(6.1.1.1)

The downlink power level is assumed to be approximately inversely proportional to the downlink channel quality for the non-soft-handover case. 

It is further assumed here for the purposes of evaluation that F(CQI, Pdch) uses the average downlink power recorded over the most recent L slots, calibrated according to the most recent CQI report, which is derived from the mean of NCQI-av successive CQI values at the UE (or NCQI-av-subset CQI values within a period of length NCQI-av subframes, as described above). This results in the following expression:
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(6.1.1.2)

Here CQI(Tlast) is the most recent CQI report, which is assumed to describe the UE’s channel measurement in subframe Tlast – 1. 

A better option is to derive the Logarithm of the channel quality, which is particularly convenient as the channel quality values transmitted in CQI reports are quantised with approximately 1dB steps. In this case a suitable expression is:
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(6.1.1.3)

In this evaluation, the number of slots over which the downlink power is averaged at the Node B is suggested to be L=2 (since this has been found to give slightly better results than L=1).
6.1.1.2 Evaluation and Benefits

Editor's note : The performance evaluation results by some analysis (e.g. simulation), the complexity and so on shall be shown. The benefits by the enhancement shall be clearly described.
6.1.1.2.1 

The main benefits of the enhanced CQI reporting are expected to lie in the following areas:

· Reduction of UL signalling overhead due to greater ability to use low CQI reporting rates. 
· Improved MCS selection and scheduling.

· Performance improvement of the first packets of a packet call by using the feature to request extra CQI transmissions by fast layer 1 signalling.

· Improved tracking of channel conditions in case a UE is in SHO. 

· Improved performance when the UE is not in SHO

· Reduction of radio link reconfiguration messages.

· Reduced delay due to more suitable choice of MCS and scheduling

The reduction in UL signalling overhead for the DL activity based reporting scheme depends on the fraction of time downlink transmissions are actually scheduled to a mobile. The improvement in MCS selection would apply to all transmissions including the first transmission of the first packet of a burst by requesting CQI messages on demand by fast layer 1 signalling. For the NACK based reporting scheme, the reduction in UL signalling overhead will be greater than with activity based reporting. The improvement in MCS selection would apply to all retransmissions. However, the impact of not having CQI feedback with ACKs on system throughput has to be evaluated.  

6.1.1.2.2 
2. 
The performance compared to Release 5 periodic feedback scheme, has been investigated in the following simulations using the simulation assumptions given in Table 2. 
	Parameter
	Value
	Comment

	carrier frequency
	2.19 GHz
	

	SAW channels
	6
	using Stop-And-Wait Protocol 

	HARQ
	Full IR, Partial IR, or Chase Combining
	depending on initial code rate

	max. number of transmissions
	4
	

	UE multi-code capability
	15 codes
	

	MCS level
	30 MCS levels used
	according to the TF in the CQI feedback

	HS-SCCH, HS-DPCCH transmission
	Ideal
	

	channel estimation
	Ideal
	

	roundtrip delay
	6 TTI
	

	delay between CQI measurement and time of availability for HS-DSCH
	3 TTI
	

	delay between CQI on demand request and time of availability for HS-DSCH
	4 TTI
	

	traffic model
	open-loop traffic model for HSDPA 
	see TR25.848

	packet size
	1500 bytes
	

	packet call size
	Pareto with cut-off,  = 1.1, k = 4.5 kbytes, m = 2 Mbytes
	

	reading  time
	geometrical distribution  = 5 s
	

	channel model
	1 path Rayleigh
	

	UE velocity
	3 km/h
	

	Release 5 CQI update interval k
	40 TTI
	

	Simulation time
	10000 packets per SIR value
	


Table 2: Simulation Assumptions for Figure 4-8
Figure 4 shows the retransmission statistics compared to Release 5. It can be seen that the number of retransmissions is reduced. For a mean SIR of 12 dB the number of transmitted bits per HS-DSCH channel usage can be increased by 18%. For the simulation we assume a flat Rayleigh fading channel with 3 km/h UE velocity. The cyclic CQI reports are sent with k=40. Node B requests an additional CQI value using fast signalling on the HS-SCCH only, if the last CQI is older than 10 TTIs and if the waiting data corresponds to more than 6 TTIs according to the current CQI. Figure 5 shows a comparison of the average packet call throughput. Typically a gain between 0.5 and 1 dB is achieved versus Release 5.

Figure 6 shows the cumulative distribution of the packet delay. The packet delay is defined as time difference between arrival of a packet in the RLC transmit buffer and successful decoding at the receiver. The 95-percentile of packet delay is 22.2 ms compared to 31.0 ms for Release 5.

Figure 7 and 8 show the transmitted amount of data per channel usage and the throughput increase per channel usage. It can be seen that the investigated scheme makes very efficient use of HS-DSCH and requires notably less HS-DSCH resources to transmit a given amount of data compared to Release 5. This is the case in the whole investigated range. The relative savings are in the order of 15%. The HS-SCCH usage is reduced by the amount of 2 to 12% compared to the HS-SCCH usage for Release 5. This shows, that the extra CQI values requested on demand do not cause potential HS-SCCH shortages.
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Figure 4: Retransmission statistic for SIR = 12 dB
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Figure 5: Average packet call throughput comparison
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Figure 6: Cumulative distribution function of packet delay (SIR = 12 dB)
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Figure 7: Transmitted amount of data per channel usage
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Figure 8: Throughput increase per channel usage

Further results for 3 and 30 km/h UE speed are shown in Figure9 and10, respectively. The simulation assumption is shown in Table 3. In case of 3 km/h, the NACK-Based feedback with 40 sub-frames has same performance as periodic feedback with 1 sub-frame reporting. In case of 30 km/h, the NACK-Based feedback with 10 sub-frames has same performance as periodic feedback with 1 sub-frame reporting. According to these results, it is enough to set the value larger than 1 as feedback cycle k to get best performance.
	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal 19 cells, No Sectors
	

	Site to Site distance
	2800 m
	

	Antenna pattern
	Omni
	

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometers

	Power allocated to HSDPA transmission(HS-PDSCH)
	80 % of total cell power
	

	Slow fading
	As modeled in UMTS 30.03, B 1.4.1.4
	

	Std. deviation of slow fading
	8 dB
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	0 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	
	Thermal noise neglected

	Max. # of retransmissions
	8
	Retransmissions by fast HARQ


	Fast HARQ scheme
	6ch-SAW, Chase combining
	MCS can be changed between retransmissions unless same TBS is kept

	Specify Fast Fading model
	1 path Rayleigh
	

	# of Ues
	20
	

	# of codes for HS-PDSCH
	10
	

	ACK/NAK repetition
	None
	

	HS-SCCH, HS-DPCCH transmission
	Error free
	

	Channel estimation
	Ideal
	

	CQI transmission delay
	1 sub-frame
	From measurement to reception at Node-B

	Scheduling delay
	1.5 slots
	From decision at the scheduler to HS-SCCH transmission 

	Scheduler
	Proportional Fairness
	

	MCS level
	QPSK&1/4, QPSK&1/2, QPSK&3/4, 16QAM&1/2, 16QAM&3/4
	

	Traffic model
	Arrival at Node-B every 20 sub-frames, same data size for each packet and each user
	

	Simulation time
	5 sec
	Simulation result is averaged by five times


Table 3: Simulation Assumption for Figure 9-12
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Figure 9: NACK-Based CQI feedback - Throughput performance at 3 km/h
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Figure 10: NACK-Based CQI feedback - Throughput performance at 30 km/h


The Figure 11 and 12 show the error probability of the retransmission except the data transmitted with MCS1. From these results, it is understood that suitable MCS is selected for the retransmission by NACK-Based feedback.
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Figure 11: NACK-Based CQI feedback – Retransmission error probability at 3 km/h
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Figure 12: NACK-Based CQI feedback – Retransmission error probability at 30 km/h

Table 4 shows the UL signalling overhead. The value indicates received Eb/Io of UL DPCCH and/or HS-DPCCH for each feedback scheme under the simplifying assumption that the received power of both channels are the same, and that other cell interference is negligible. Some other assumption is shown below. Besides, in case of periodic feedback, all UEs in soft handover area transmit CQI reporting every sub-frame.

According to the table 4, NACK-Based feedback has about 1 dB gain from periodic feedback.


Assumption


Number of UEs

: 100


Percentage of UEs in SHO
: 30%

	Feedback cycle k

[sub-frames]
	No feedback
	Periodic feedback
	NACK-Based feedback

	
	
	
	M=1*2
	M=15*2

	40 (1*1)
	4.13 dB
	2.92 dB
	4.01 dB
	3.95 dB

	10 (1*1)
	
	2.75 dB
	3.7 dB
	3.65 dB


Note 1: k=1 for periodic feedback in case of SHO

Note 2: The variable M is a number of UEs that receive HS-PDSCH in same sub-frame.

Table 4: Comparison of received Eb/Io
The following Figures illustrate the benefits of reporting an averaged value of CQI. 
Figure 13 REF _Ref41735954 \h 
 and 14 REF _Ref41735967 \h 
 show simulation results for 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.

The derivation of channel quality for scheduling is as described in equation 6.1.1.2 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. 

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 13 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 13: Total throughput, mixed UE speeds, 3km/h and 120km/h, non-SHO
Note that the black and green curves are almost identical, as are the red and blue curves.
Similarly Figure 14,  REF _Ref41735967 \h 
 shows that the packet delay under the same conditions 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  14:  95 percentile delay, mixed UE speeds, 3km/h and 120km/h, non-SHO
Figure 15 REF _Ref41736148 \h 
 and 16 REF _Ref41736169 \h 
 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 15 REF _Ref41736148 \h 
 and 16 REF _Ref41736169 \h 
 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 15: User throughput, mixed UE speeds, 3km/h and 120km/h, non-SHO, 
CQIerr = Error rate of CQI transmission, 
Ns = Separation between CQI measurements at UE (in subframes)
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Figure 16: 95 percentile delay, mixed UE speeds, 3km/h and 120km/h, non-SHO,
 CQIerr = Error rate of CQI transmission, 
Ns = Separation between CQI measurements at UE (in subframes)
The results presented above show that, when the UE is not in soft handover, increasing the averaging period for CQI reports can increase HSDPA throughput and reduce packet delay, without the Node B having any knowledge of the speed of individual UEs.

 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, possibly derived from a stored sequence of values.

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).
· If Node B scheduling supports fast layer 1 requesting the Node B receives and decodes the CQI field following a fast layer 1 request. 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.
Editor's note : The impacts on other WG specification shall be described if there are.
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