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1 Introduction

In [1] RAN1 agreed to further down-select the frequency-selective CQI report on PUCCH from two basic variants:

1. Best-M within bandwidth part

2. Subband-based scanning

In this contribution, we discuss several aspects of both schemes and the scenario we see for the frequency-selective report. Simulation results are provided that are used to give additional grounds for making the decision.

2 Discussion

2.1 Use-case Scenario

We see mainly the following scenario where a UE should be configured to report a frequency-selective CQI via PUCCH:

· A high number of users is active within a cell, so that a frequently occurring frequency-selective CQI report on PUSCH is not feasible due to limited UL resources. Since a frequency-selective CQI report on PUSCH requires also a corresponding grant in an earlier PDCCH (either with or without aperiodic trigger), also the limitation of available PDCCH resources makes frequency-selective CQI reports on PUSCH less feasible in such a scenario.

· A frequency-selective report is mainly beneficial for UEs that are not located in the cell-edge regions.

· Since we can assume that the wideband average CQI value does not change dynamically like 1ms, we think that it is a waste of resources to include such a wideband CQI in every frequency-selective CQI report, even if it costs “only” [2-3] bits in addition when differential reporting is assumed. Rather we suggest that a wideband CQI report on PUCCH is configured with a reporting interval of e.g. 10 ms. Any frequency-selective PUCCH CQI report may then be configured complimentary to that with a reporting interval of e.g. 1 ms to 5 ms.

· In case of conflicts between PUCCH reports, we assume that the CQI report with the longer feedback interval should take precedence.

· A frequency-selective CQI report should not only be applicable for the smallest possible UE velocities (i.e. up to 3 km/h), since anyway there will be some variation for a UE with respect to channel coherence in time domain in the real world. Optimising the reporting only for the 3 km/h TU scenario neglecting other scenarios will be therefore not a good way to design the system, as the imperfections that are not sufficiently taken into account will eat away most of the gains.

2.2 Frequency-selective reports

2.2.1 Best-M within bandwidth part

The Best-M within bandwidth part works in the following way:

· The set of subbands is partitioned into a number of BP bandwidth parts

· In each CQI reporting instance, the CQI for the Best M subbands within a certain bandwidth part is transmitted

· The bandwidth part from within which the CQI is reported is cycled through continuously with each report, such that after a number of CQI reports that is equivalent to the number of bandwidth parts new information for subband(s) of the same bandwidth part is obtained

The main benefits of this approach is seen for these cases:

· In a non-static radio environment where the channel characteristic and/or the interference change over time, the UE can efficiently pass the information about the best radio conditions to the eNB by the selection property within a bandwidth part

· In a static radio environment where neither the channel characteristic nor the interference change rapidly over time, it is possible to be frequently updated with very accurate information for good link adaptation for the best subbands

2.2.2 Subband-based Scanning

The subband scanning works in the following way:

· In each CQI reporting instance, the CQI value for a particular subband is reported

· For S=1, only the CQI for a single subband is reported.

· For S=2, a CQI value is reported for each of two subbands, which are separated by half the system bandwidth.

· The subband for which the CQI is reported is cycled through continuously with each report.

· For S=1, the update period for a subband is therefore equivalent to the number of subbands times the feedback interval.

· For S=2, the update period for a subband is therefore equivalent to half the number of subbands times the feedback interval.

The main benefits of this approach is seen for these cases:

· In a static radio environment where neither the channel characteristic nor the interference change rapidly over time, a very accurate CQI for the whole bandwidth can be obtained

· The report can be tailored to as few as 4 bits per report if S=1, so that potentially a very small code rate can be applied that makes this report sufficiently reliable for cell-edge users – in fact we can assume the same reliability as for the non-frequency-selective report on PUCCH is achieved

2.3 Evaluation

When looking at the use-case scenario, the requirements, and the benefits of the previous sections, we see a strong tendency that the “Best-M within bandwidth part” is preferred for the following reasons:

· A better throughput for many 15 km/h cases than scanning [Annex][2]

· Robustness against UE velocity changes [Annex][2]

· Robustness / Usability over several feedback intervals

· Consequently, the system does not suffer so much if for a CQI - ACK/NACK collision case the CQI is dropped

· Therefore choosing Best-M for PUCCH reports allows an easy integration with the idea of avoiding simultaneous transmission of ACK/NACK and CQI in the same PUCCH

A major drawback of the “Best-M within bandwidth part” appears to be that additional bits must be spent on an index field, putting severe restrictions on the number “M” – depending on the number of subbands in a bandwidth part. According to our studies, unless the number of bandwidth parts is very large, we cannot afford more than M=2. However if the number of bandwidth parts is increased, the advantages of the “Best-M within bandwidth part” become smaller and smaller, and lose more and more robustness against increased UE velocity or feedback interval.

In order to keep the signalling for the index field as small as possible without compromising too much on performance, we propose that the number of subbands per bandwidth part does not exceed 8. Then selecting M=1 out of 7<=N<=8 requires only 3 bits for the index field, while selecting M=2 out of 7<=N<=8 requires 5 bits.

If M=1 or M=2 are the only viable options, this will have undesired effects on the DL allocation. In case of 110 PRBs with 28 subbands, sufficiently reliable CQI data is available only for 1 or 2 subbands out of 28 subbands, so in the worst case only for 3.6% of the bandwidth. It may be worth noting that this property is shared with the “Subband-based Scanning” approach, and is indeed the reason that that method performs so poorly for velocities >3 km/h. If the scheduler takes this into account, it could mean that only small fragments of the bandwidth can be allocated accurately to a UE in a subframe, requiring a large number of PDCCHs to address the whole spectrum.

To remedy this situation, we have checked the possibility of putting information about additional subbands into the frequency-selective PUCCH report without increasing the number M and therefore without increasing the size of the CQI index field. The simplest yet effective approach is to include CQI information for a number of A subbands around the best M subbands into the report. This adds particular benefit for situations where the channel is not as selective as the TU channel while keeping the overall overhead sufficiently small. The simulations have therefore been conducted to compare the case of reporting the best M=2 CQI without additional adjacent subband information with the case of reporting the best M=1 CQI with additional A=1 two-sided adjacent subband information. Both these approaches do not occupy more than 10 bits using the proposed numerology (see also Table 3 and 4 in the Annex).

It should be pointed out that reporting CQI for a contiguous region such as with the adjacent subband reporting will in many cases allow the scheduler to assign the same contiguous region in a subsequent DL resource allocation. This will enable the efficient usage of the compact PDCCH assignment with reduced overhead. It should be apparent that for most cases this is not possible for a best M=2 approach, as the reported subbands will very frequently be disjoined, so that the compact PDCCH assignment cannot be used.

For a bandwidth supporting only 2-3 subbands (=8-10 PRBs), reporting a CQI for the adjacent subbands does not contribute much additional information compared to a wideband CQI. We think that in such a case no subbands around the best M subband (A=0) better reflects the use case of a frequency-selective CQI report on PUCCH. 

Simulation evaluations presented in detail in the Annex show that this approach shows a good robustness compared to Scanning and increased performance compared to other Best-M configurations. This is shown exemplary in more detail in Table 1. While the Scanning with S=2 can provide generally good throughput for quasi-static radio environments, the robustness against variations is much smaller than for the other reports. For the Best M=2 A=0, we can see that the robustness is comparable to the Best M=1 A=1, however at a worse performance for the quasi-static radio condition.

Table 1: Robustness of throughput against feedback interval and velocity variation.

	10 MHz cell
	Loss against optimum @ 1 ms, 3 km/h
	Loss @ 5 ms
	Loss @ 15 km/h
	Loss @ 5 ms, 15 km/h

	Scanning S=2
	0%
	10.6%
	24.4%
	46.6%

	Scanning S=1
	2.0%
	27.0%
	37.9%
	50.0%

	Best M=1 A=0
	1.5%
	10.6%
	24.5%
	41.0%

	Best M=1 A=1
	0.7%
	10.1%
	18.3%
	39.2%

	Best M=2 A=0
	10.1%
	11.3%
	13.8%
	41.3%


3 Proposal

Based on the discussion above and the presented simulation results, we conclude that in general the approach of a Best-M with subband plus adjacent subband information offers the best compromise between performance, robustness, and usefulness for the most applicable LTE scenarios.

We propose to adopt the following parameters for the frequency-selective CQI report in LTE:

· Supported subband size(s) as a function of system bandwidths include those given in Table 2.

· For the frequency-selective CQI, a CQI report in a certain subframe describes the channel quality in a particular bandwidth part

· A bandwidth part is frequency-consecutive and an integer multiple of the subband size

· Which bandwidth part to use varies deterministically from one CQI report subframe to another covering the entire S after a finite period

· The CQI reported in the current bandwidth part corresponds to

· Best M subbands are selected in the current bandwidth part according to Table 2

· 4 bit CQI over the selected M subbands is obtained
· Subband selection signalled using 
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· N: Number of subbands covering the entire bandwidth part according to Table 2
· An additional average CQI is reported for the two-sided adjacent A subbands around the M best subbands as exemplified in Figure 1.

· [2-3] bit differential CQI representing the average CQI for the two-sided adjacent A subbands

· The treatment of edge effects needs to be aligned with how the RB assignment for the group based approach handles edge effects.
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Figure 1. Example for reporting for M=1 and A=1

Table 2: Proposed parameters for frequency-selective PUCCH reports.

	System BW [RBs]
	Group size [RBs]
(agreed in [1])
	Subband size k [RBs]
(agreed in [1])
	Number of bandwidth parts (BP)
(proposed)
	Number of Best reported subbands (M) out of (N)
(proposed)
	Number of reported two-sided adjacent subbands (A)
(proposed)

	6 – 7
	1
	-(wideband CQI only)
	N/A
	N/A
	N/A

	8 – 10
	1
	4
	1
	M=1
2 <= N <= 3
	0

	11 – 26
	2
	4
	1
	M=1
3 <= N <= 7
	1

	27 – 64
	3
	6
	2
	M=1
3 <= N <= 6
	1

	65 – 110
	4
	4,
8
	4 (k=4),
2 (k=8)
	M=1
5 <= N <= 7
	1
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Annex

Table 3: Length and covered percentage of proposed frequency-selective PUCCH reports using 4+2 bits.

	System BW [RBs]
	Number of bits per frequency-selective CQI report
	Percentage of subbands covered by a single frequency-selective CQI report

	6 – 7
	N/A
	N/A

	8 – 10
	2+4+0 = 6
	50% - 40%

	11 – 26
	3+4+2 = 9
	100% - 46%

	27 – 64
	3+4+2 = 9
	67% - 28%

	65 – 110
	3+4+2 = 9
	k=4: 18% - 11%
k=8: 37% - 22%


Table 4: Length and covered percentage of proposed frequency-selective PUCCH reports using 4+3 bits.

	System BW [RBs]
	Number of bits per frequency-selective CQI report
	Percentage of subbands covered by a single frequency-selective CQI report

	6 – 7
	N/A
	N/A

	8 – 10
	2+4+0 = 6
	50% - 40%

	11 – 26
	3+4+3 = 10
	100% - 46%

	27 – 64
	3+4+3 = 10
	67% - 28%

	65 – 110
	3+4+3 = 10
	k=4: 18% - 11%
k=8: 37% - 22%
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Figure 2. 20 MHz cell, 3 km/h
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Figure 3. 20 MHz cell, 3 km/h

[image: image5.wmf]1

1.5

2

2.5

3

3.5

4

4.5

5

1.15

1.2

1.25

1.3

1.35

1.4

1.45

1.5

1.55

1.6

1.65

10 MHz Sector Throughput over Feedback Interval, 3 km/h

Feedback Interval [ms]

Sector Throughput [b/s/Hz]

 

 

WB + BEST M=1 BP=2 A=1

WB + BEST M=1 BP=2 A=0

WB + BEST M=2 BP=2 A=0

SCAN S=1

SCAN S=2


Figure 4. 10 MHz cell, 3 km/h
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Figure 5. 10 MHz cell, 15 km/h
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Figure 6. 5 MHz cell, 3 km/h
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Figure 7. 5 MHz cell, 15 km/h
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Figure 8. 3.2 MHz cell, 3 km/h
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Figure 9. 3.2 MHz cell, 15 km/h
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