
3GPP TSG RAN WG1 Meeting #47




   




  R1-063268
Riga, Latvia, November 6 – 10, 2006
Agenda item:
6.12.1
Source: 
Samsung
Title: 





CQI reporting for E-UTRA
Document for:
Discussion 
1 Introduction
Until now, various CQI reporting schemes have been proposed. In this contribution, numerical analysis and some thoughts on CQI are provided. In order to have basic insight, the number of supportable UEs for the non-MIMO case is computed based on the current numerology. 
2 Estimate on the number of supportable UEs
The number of supportable UEs to report M sub-bands’ CQI per UE could be evaluated as follow:

It is analyzed under the condition of 10MHz transmission bandwidth and 1ms TTI. Considering the trade off between scheduling flexibility and signaling overhead, the granularity of one RB for the CQI report is too excessive. Taking into account that the system performance is considerably evaluated with 375kHz for the resource block size during the SI, CQI report per 2 RBs, i.e. 360kHz, seems reasonable basic assumption not to harm to system performance. Then, how many sub-band CQIs are to be reported? Based on the same rationale above, not all the sub-band CQIs are to be reported. In this evaluation, for the simplicity M = 5 is assumed.
Although the exact number of bits for CQI report depends on the adopted CQI report scheme, about 20 ~ 40 bits are required to report 5 CQI values out of total 25 sub-bands (see table A.1 and figure A.1 in the annex). 
As you can find in the table 1, the number of supportable UEs is at the range of 55 ~ 110. In this evaluation, rate 1/3 channel coding, QPSK, 8% CQI signaling overhead, and 5ms reporting period are assumed. With the similar assumptions, table 2 shows the number of supportable UEs for CQI for the various transmission bandwidths. 
Table 1. The number of supportable UEs to report M sub-bands’ CQI per UE
	Item
	Value
	Note

	# of bits for CQI report
	20 ~ 40
	M = 5 out of total 25 sub-bands

	# of physical bits for CQI report
	60 ~ 120
	Code rate =1/3

	# of sub-carriers for CQI report
	30 ~ 60
	QPSK

	Total # of occupied sub-carriers
	8400 (=(6*600+2*300)*2)
	10MHz transmission bandwidth and 1ms TTI

	# of available sub-carriers for CQI report
	672 (=8400*0.08)

	During SI, UL control signaling & RS overhead are assumed as 1 long block plus 2 short blocks (i.e. 2/7 = 29%). While keeping the same overall overhead as in SI with conservative manner, CQI overhead is assumed as 8%.
· RS overhead: 14% (4 SBs)
· Control signaling overhead: 15%

· Multiple RACHs + Multiple ACK/NACKs (up to 50 RBs) ( 7%
· RACH: about 1.25MHz => 83 SCs ( 1% 

· ACK/NACK: repetition  coding => 10 SCs ( 0.12% 

· CQI: remaining resources ( 8%

	# of supportable UEs
	55 ~ 110
	Report CQI every 5 TTIs (5ms)


Table 2. The number of supportable UEs over transmission bandwidth
	Transmission bandwidth
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Total # of occupied sub-carriers
	4200
	8400
	12600
	16800

	# of available sub-carriers for CQI report 
	336
	672
	1008
	1344

	# of supportable UE (5ms reporting period)
	25 ~ 55
	55 ~ 110
	80 ~165
	110 ~ 220


3 Further consideration on CQI reporting
Periodic CQI report
In HSDPA, CQI is reported periodically based on the configured CQI feedback cycle, which would be the baseline for CQI report in E-UTRA as well. The feedback cycle is configurable based on
· Transmission type, i.e., Distributed or Localized 
· Channel model, i.e., frequency selectivity 
· Mobile speed 
 To help the feedback cycle configuration at the eNodeB, the necessity for the measurement on the frequency selectivity and/or mobile speed could be considered further.
Whole band CQI vs. sub-band CQI
UE mobility and/or frequency selectivity could be the criterion whether to report whole band CQI or sub-band CQI. The sub-band CQI is useful for the localized transmission while whole band CQI is useful for the distributed transmission. If the CQI is used for power control, the reference would be whole band CQI. Thus, the feedback cycles for the whole band CQI and sub-band CQI are to be configured accordingly. 
4 Conclusion
The signaling overhead and number of supportable UEs for the CQI reports highly depend on the specific CQI reporting scheme. It could be estimated that 55 ~ 110 UEs are possible to be accommodated in 10MHz system. Besides the CQI reporting scheme itself, the crucial factors for the system design are the value of M, number of sub-bands, and available resource for CQI. 
Annex
Table A.1 The number of bits for CQI according to CQI report scheme
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	Report M sub-bands' CQIs individually

	Best-M individual
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	Report M sub-bands ' CQIs individually

	Best-M average
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	Report one average CQI of M sub-bands 

	Differential 
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	Report one sub-band's CQI and (M-1) sub-bands' CQIs differentially


· Nsb: # of sub-bands
· Na: # of bits to represent CQI, e.g. 5 bits

· Ndi: # of bits to represent CQI differentially over the reference CQI value
· (Nsb – M) sub-bands’ average CQI value could be reported additionally
	[image: image5.emf]10MHz, Report M CQIs among 50 sub-bands
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[image: image6.emf]10MHz, Report M CQIs among 25 sub-bands
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Figure A.1 The number of bits for CQI with varying M
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