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1 Introduction
Sub-band CQI reporting enables frequency-selective scheduling so that preferred sub-bands of e.g. best or at least adequate channel quality can be selected for downlink transmission. To verify the sub-band CQI reporting it has been suggested to use the distribution of the reported sub-band CQI (see [1,2]), but it is perhaps also be desirable to supplement this by a relative throughput test that mimics the selection of the best sub-band possible for UE scheduling. 

Selecting the best sub-bands relies on proper tracking of the variability of the frequency selective channel across all sub-bands in the set S (spans the maximum transmission configuration), which can be verified by checking the spread of the sub-band differential CQI offset levels. In addition, this can be supplemented by a comparison of the following two cases
1. for each TTI, transmission on the “best” sub-band the corresponding TBS

2. transmission of a fixed reference transport format, that indicated by the wideband CQI median, on any sub-band.

The first case corresponds to selection of a preferred sub-band for transmission, and the second represents a “reference case” where the TBS corresponding to the wideband CQI median is selected and frequency-selective scheduling is not utilized. The propagation condition assumed is the two-path model described in [2]. The Doppler frequency is low, which is the relevant case for link adaption by means of MCS selection.
The test metrics reflect the benefits of using frequency domain scheduling and the achievable system gains. This approach is the same as that adopted for proposed time domain test in [3], in which the ability of the UE to track the channel is verified by means of a relative throughput metric. In this contribution we look at the feasibility of the sub-band test just described and make a text proposal for Clause 9 of TS 36.101.
2 Sub-band reports: simulation results

We begin by looking at the sensitivity of the distribution of sub-band differential CQI index to variations in the input SNR, and then demonstrate the feasibility of a relative throughput test. The propagation model used for all simulations is
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in continuous form, with the delay 
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the frame duration so the spectral notches move slowly across the transmission bandwidth compared to the downlink scheduling rate (per TTI). The bandwidth is 10 MHz (50 RB with 6 RB sub-band size). It is assumed that the same channel is used between all transmitter and receiver antenna ports, that is, for the single antenna mode the channel in the frequency domain is of the type 

(2.2)
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2.1 Impact of SNR variations on the sub-band CQI distribution
The spread of the sub-band differential CQI reports is verified by considering the fraction of reported index +2 for each sub-band at two different SNR levels. The occurrence of this level should be in a range of percentiles (for otherwise one may report all or nothing to meet any single-sided percentile), the range of which will depend on the SNR [2]. Our purpose now is to check that this test criterion is feasible by investigating the sensitivity of this type of requirement to small variations of input SNR given the relatively coarse CQI granularity (about 2 dB). Figure 1 shows the results for the input SNR(s) around 6.5 dB in steps of 0.5 dB. There is a considerable variation of the frequency of +2 indices as the SNR is changed. 
[image: image7.wmf]
Figure 1: distribution of sub-band CQI index around SNR = 6.5 dB.

Figure 2 shows the corresponding results around SNR = 13.5 dB. The frequency of the offset level +2 is now more stable; this suggests the use of relatively high SNR as to utilize the periodic nature of the semi-static channel and keep track of the variations. For an SNR around 13 dB, the results suggest a requirement (approximate)
a) a sub-band differential CQI offset level of +2 shall be reported at least  = 25% of the time but less than % for each sub-band.
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Figure 2: distribution of sub-band CQI index around SNR = 13.5 dB.

Filtering across the sub-band would have an impact on the frequency of index +2. Alternatively, one could also verify the occurrence of index 0 as proposed in [1]. Regardless of this, it is proposed to test at two different SNR(s) resulting in different percentiles for the highest index, a “medium” and a “high” SNR, and set the requirements so as to capture excessive filtering. The latter can also be disclosed by introducing an additional requirement on the minimum increase of the throughput when consistently picking the best sub-band for transmission given a certain transport format. 
2.2 Relative throughput test: procedure and results
In addition we put a requirement on the increase of the relative throughput when the “best” sub-band of 6 RB and the corresponding (variable) TBS is picked for transmission in each TTI compared to the case when transmitting a fixed reference transport format selecting a sub-band randomly from set S. This increase will rely on a sufficiently high occurrence of indices +1 and +2 in the CQI reports supplied by the UE. The Doppler frequency is low so that the notches in the frequency domain will move slowly across the channel bandwidth and the CSI remain reasonably constant over several TTI. 

The suggested test procedure is as follows:

1. Select the fixed transport format (TBS for the appropriate sub-band size, 6 RB for our 10 MHz example) indicated by the wideband CQI median (offset level = 0)
2. Measure the throughput (TP) when the sub-band with the highest sub-band CQI is selected for transmission and the corresponding indicated (variable) transport format is used in every TTI, “best scheduling”
3. Measure the throughput (TP) when the fixed transport format is transmitted on a sub-band randomly selected from set S
4. The ratio 
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 should be sufficiently high.
Figure 3 shows the results for TDD (UL/DL configuration 1). The increase of the relative throughput is substantial when frequency dependent scheduling is used. If filtering is used there will be fewer reported offset levels “+1” and “+2” as the notch pattern is effectively smoothed out in the reports, and the throughput ratio  will become smaller. Retransmission is not used (NDI in every TTI) since the purpose is to verify proper MCS selection. Curiously enough, selection of the fixed format indicated by the median wideband CQI or the median wideband CQI +1 appears to give comparable results (some difference if HARQ retransmissions are used).
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Figure 3: throughput for sub-band scheduling using variable and fixed formats.
3 More details for the test configuration
The requirement on the throughput ratio  could also be satisfied if the denominator is very small. It is therefore suggested to use a lower bound as a “sanity check”. This bound could be expressed as a fraction of the throughput corresponding to the fixed transport format; this throughput should be larger than
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with  suitably chosen and TTI = 1 ms. The test would still be receiver agnostic.

Single antenna transmission is assumed and PUSCH 3-0 is the reporting mode. The same basic setup is used for FDD and TDD (for which one can use the same uplink downlink and special sub-frame configuration as in other tests). 

The suggested reporting (periodic) interval for TDD is 5 ms so that a CQI report is supplied twice per frame (configuration 1 with 5 ms periodicity is assumed). This is indicated on DCI Format 0 every 5 ms. The same interval could be used for FDD, the Doppler frequency is low.
5    Text proposal for FDD and TDD
Finally, a text proposal for the sub-band CQI reporting test cases for FDD and TDD follows (FDD and TDD in separate sections but same here for convenience):
The accuracy of sub-band channel quality indicator (CQI) reporting under frequency selective fading conditions is determined by a double-sided percentile of the reported differential CQI offset level +2 per sub-band, and the relative increase of the throughput obtained when transmitting on any one of the sub-bands with the highest reported differential CQI offset level the corresponding transport format compared to the case for which a fixed format is transmitted on any sub-band in set S [36.213]. The purpose is to verify that preferred sub-bands can be used for frequently-selective scheduling.   
For the parameters specified in Table 1A/2A, [and using the downlink physical channels specified in Annex C,] the minimum requirements are specified in Table 1B/2B and by the following 

a) a sub-band differential CQI offset level of +2 shall be reported at least  % of the time but less than % for each sub-band;
b) the ratio of the throughput obtained when transmitting on any one of the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;
c) the throughput obtained when transmitting the above fixed transport format by random scheduling across all applicable sub-bands in set S shall be at least ∙TBS(wideband CQI median) ∙103 bps.
The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each TTI [for FDD, each available downlink transmission instance for TDD]. The transport block size TBS(wideband CQI median) is that resulting from the code rate which is closest to that indicated by the wideband CQI median and the
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entry in Table 7.1.7.2.1-1 [TS 36.213] that corresponds to the sub-band size.
Table 1A Sub-band test for single antenna transmission (FDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	SNR
	dB
	[9]
	[14]
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	dB[mW/15kHz]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-89]
	[-84]

	Propagation channel
	
	[Semi-static two-path]

	Reporting interval
	ms
	[5] ms

	Reporting mode
	
	PUSCH 3-0

	Max number of HARQ transmissions
	
	[1]



Table 1B  Minimum requirement (FDD)
	
	Test 1
	Test 2
	

	 [%]
	TBD
	TBD
	

	 [%]
	TBD
	TBD
	

	 
	TBD
	TBD
	

	 
	TBD
	TBD
	



Table 2A Sub-band test for single antenna transmission (TDD)
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	SNR
	dB
	[9]
	[14]
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	dB[mW/15kHz]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-89]
	[-84]

	Propagation channel
	
	[Semi-static two-path]

	Reporting interval
	ms
	[5] ms

	Reporting mode
	
	PUSCH 3-0

	Max number of HARQ transmissions
	
	[1]



Table 2B  Minimum requirement (TDD)

	
	Test 1
	Test 2
	

	 [%]
	TBD
	TBD
	

	 [%]
	TBD
	TBD
	

	 
	TBD
	TBD
	

	 
	TBD
	TBD
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