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1. Introduction

Downlink channel quality is needed for adequate selection of MCS level as well as for resource allocation criteria in HSDPA.　Channel quality of receiver can be estimated in various ways as summarized in [1].  However, from DL performance point of view, it is beneficial to signal explicit quality information that can be used directly for selection of MCS and resource allocation criteria.  In the past contributions, we have presented results using HS-DSCH SIR as feedback signaling to show that feedback rate can be reduced significantly while maintaining system throughput.  It was also shown that allocation of 4-bit is sufficient for SIR quantization[1]. 

In this contribution, the use of recommended MCS as feedback signalling is investigated, and shows that it is still possible to reduce feedback rate without impacting system performance.

2. Recommended MCS feedback

Based on UE specific channel quality metric (SIR, Ec/Ior, RSCP, BLER, etc), UE sends recommended MCS to Node-B. It is here assumed that final selection for MCS level resides in Node-B thus Node-B is free to use MCS level other than the one requested by UE. 6-levels of MCS is used for the simulation. Following 4 schemes for uplink signaling is evaluated.

· Feedback of MCS levels only (6-levels)

· Feedback of MCS levels with High/Low indicators for each MCS (6x2-levels)

· Feedback of MCS levels with High/Mid/Low indicators for each MCS (6x3-levels)

· Ideal Feedback.  Floating point HS-DSCH SIR is used.

The detail of modulation and coding parameters used for simulation is shown in Table 2 of the Annex.

As in previous contributions, influence of reducing feedback rate with use of TPC commands (or associated DPCH power) to compensate for feedback delay is investigated. Key simulation parameters are provided in Table 4 of the Annex.

3. Simulation results

3.1. Feedback cycle = 160msec

Figure 1 and Figure 2 compares the throughput performance for each scheme. Feedback rate is set to 160msec for evaluated schemes. Base case, which does not include any quantization and no TPC compensation, is also provided as reference cases (feedback cycle=2, 160msec).  
It is shown that even with 160msec feedback cycle, MCS feedback with indicators performs as well as base case with feedback every 2msec. Feeding back MCS level only shows some degradation. It also must be noted that with higher network load (more users in a cell), degradation due to feeding back MCS level instead of floating level is more sever. This is due to the nature of a Max C/I scheduler that requires accurate channel information for efficient resource allocation. It is expected that degradation be smaller for schedulers that includes fairness metric (e.g. Round robin).
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Figure 1 Service vs. Packet Call throughput (Feedback every 160msec)
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Figure 2 Packet call throughput c.d.f.
3.2. Feedback cycle = 20, 40, 80, 160msec

Further behaviour of proposed scheme is investigated by varying feedback cycle. Figure 3 shows the behaviour of the scheme with MCS feedback with High/Low indicator, and Figure 4 shows the behaviour of the scheme with MCS feedback only. Trade off between DL performance and UL feedback cycle can clearly be seen from figures.  
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Figure 3 Performance with different feedback rate (MCS+L/H indicator)
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Figure 4 Performance with different feedback rate (MCS only)
4. Summary

From DL performance point of view, it is believed to be beneficial to have explicit quality information that can be used directly for selection of MCS and resource allocation criteria. In this paper, the use of recommended MCS as feedback information is investigated, and it is shown that with High/Low indicators added to MCS, feedback rate can be reduced without impacting system performance. 

Having explicit signalling for quality information also allows implementation of Node-B/Test equipment in the simplest form, while by allowing higher layer to configure feedback rate makes the scheme possible to activate more advanced quality estimation algorithm with less or no feedback information. For this reasons, it is recommended “recommended MCS or explicit quality indicator (e.g. SIR)” signalling be included as summarized in Table 1.

Table 1.  Summary of Uplink signaling for MCS selection and Resource allocation criteria

	Parameter
	# of bits per message
	Signalling rate
	Comment

	Recommended MCS

Or

DSCH-SIR
	4 

(Reduction to 3-bit needs further study) 


	Up to every HSDPA TTI (2msec)
	· # of bits depend on # of MCS level selected for HSDPA

· Signalling rate can be made configurable by a higher layer signalling
· Time multiplexing with ACK/NACK on HS-DPCCH is preferred rather than introducing another multi-code.


.
5. References

[1] R1-01-0683 Sony, “Downlink Channel Quality Estimation for HS-DSCH”, TSGR1 Release5 ad-hoc

[2] R1-01-0684 Sony, “Influence of C/I quantization on HSDPA system throughput”, TSGR1 Release5 ad-hoc

[3] R1-01-0698 Nokia, “HSDPA signaling in uplink”, TSGR1 Release5 ad-hoc

Annex: Simulation Assumptions

Table 2 Modulations and Coding Parameters
	Parameter
	

	Transport CH
	Number of TrCH
	1

	
	HS-DSCH TTI (TUI)
	3-slot

	
	Transport Block Size
	15-byte

	
	CRC Attachment
	Per TTI--16-bit

	AMCS
	Mode
	Modulation
	Coding Rate
	Num TrBlk

	
	MCS1
	QPSK
	R=1/4
	1

	
	MCS2
	QPSK
	R=1/2
	2

	
	MCS3
	QPSK
	R=3/4
	3

	
	MCS5
	16QAM
	R=1/2
	4

	
	MCS6
	16QAM
	R=3/4
	6

	
	MCS7
	64QAM
	R=3/4
	9


Table 3
Table 4 System Simulation Parameters

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	19-cell, 3-sector/cell with (3-tier)
	Statistics from center cell ONLY

	Site to Site distance
	2800 m
	

	Propagation model
	L = 128.1 + 37.6 Log10R
	R in kilometers

	Tx-diversity
	2-Tx antenna, STTD
	

	CPICH power
	-10 dB
	

	Other channels
	- 7 dB
	

	Power allocated to HS-DSCH
	Max. 70 % of total cell power
	

	Number of Code allocated to HS-DSCH
	Max. 20
	SF=32

	Slow fading
	As modelled in UMTS 30.03, B 1.4.1.4
	

	Std. deviation of slow fading
	8 dB
	

	Correlation between sectors
	1.0
	

	Correlation between sites
	0.5
	

	Correlation distance of slow fading
	50 m
	

	Carrier frequency
	2000 MHz
	

	BS antenna gain
	14 dB
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	9 dB
	

	MCS Selection
	DSCH SIR + TPC gain
	Unless otherwise specified

	DSCH SIR Feedback Delay
	4 TTI = (4*3*Tslot)
	Plus amount of decimation

	TPC delay for use in scheduler
	2-slot
	4% error rate included

	Max. # of retransmissions with same MCS
	8
	Restart MCS after 8-retrans.

	Fast HARQ scheme
	Chase combining
	N=5

	BS total Tx power
	Up to 44 dBm
	

	Active set size
	1
	DPCH SHO not considered

	Fast Cell Selection
	Disabled
	

	UE Mobility
	3km/h
	








Sony Corporation / 3GPP TSGR1#21


4/5

