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1
Introduction
The current structure of E-UTRA uplink allows for CQI to be transmitted in two possible physical channels, PUCCH and PUSCH.
In R1 #50-bis, it was agreed that the following mechanisms would be used to report CQI, as noted in the CQI ad-hoc summary outlined in [1]:

	
	Periodic
	Aperiodic

	Frequency non-selective
	PUCCH

PUSCH (only when scheduled)
	PUSCH

	Frequency selective
	PUCCH

PUSCH (only when scheduled)
	PUSCH


Table 1

CQI Reporting
In this document, we outline our views on CQI transmission strategies in support of frequency diverse and frequency selective scheduling.
2
CQI Transmitted on PUCCH
The payload size of CQI transmitted on PUCCH is limited, since the structure allows for at most 10 modulation symbols per subframe in FS1.
Given this observation, it is not possible to transmit CQI for multiple subbands simultaneously within a given subframe. 
2.1
Time Cycling Approach

In this mechanism, CQI for multiple subbands is transmitted over time via cycling. This structure allows the eNB to receive the downlink effective SNR over a period of time. As a simple example, with 5 subbands and CQI report every 2ms, the eNB can receive the effective SNR for all subbands in 10ms.

The UE is configured by eNB with the following parameters (1) CQI periodicity (2) Subband granularity in number of resource blocks. If the eNB is interested only in a wideband CQI report, the subband granularity is set to the entire bandwidth. If the eNB is interested in a narrowband CQI report, the subband granularity is set to a fraction of the entire bandwidth. 

2.2
Best-M Approach

In this approach, the UE reports the best set of RBs across the entire bandwidth. The eNB configures the RB groups from which the UE is supposed to pick the best set of RBs. The UE feedback is based on:

· Wideband CQI report

· Indication of best set of RBs per group

· Differential CQI report wrt wideband CQI across the best set of RBs
3
Analysis

In this section, we compare the system performance of cycling vs. best-M in multiple scenarios.
· 1x2 SIMO

· 2x2 SDMA

· 5 users per cell – lightly loaded scenario

· 20 users per cell – heavily loaded scenario

The performance of the two approaches are compared at UE speeds of 3km/h and 30km/h. The simulation assumptions are outlined in Table 2. Note that the CQI overhead is almost identical in both approaches, so the comparison is normalized to the same feedback overhead.

The results are shown in Tables 3 to Table 6 . For the 0 km/h UE speed we have also provided the system performance based on the wideband CQI only. In this scenario no frequency sensitive scheduling is done.
	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites wraparound

	Number of users per cell
	5,20

	Number of control symbols
	3

	Antenna Setting
	SIMO 1x2, MU-MIMO 2x2

	Bandwidth
	10 MHz

	Channel model
	Urban Macro SCM with TU power delay profile

D1 Propagation model

	Speed
	3, 30 km/h

	Receiver Configuration
	LMMSE

	Scheduling algorithm
	Proportional Fair, Throughput Filter time constant=1.5s

	Warmup Duration [s]
	1.5

	Simulation Duration [s] (over 57 cells)
	10

	Number of Drops per scenario
	3

	CQI feedback delay
	2 ms

	CQI feedback period
	10ms

	CQI reporting mechanism
	Time Cycling approach 

10 subbands (5RB/SB), the CQI is computed for each subband and is reported per subband.

Payload size = 10 x 5 = 50 bits (SIMO)

For MU-MIMO, PMI is reported per subband

Payload size = 10 x (5+3) = 80 bits(MU-MIMO)

Best-M approach

24 subbands (23 x 2RB+ 1x 4RB) divided into 12 groups. Within each group, the best of 2 subbands is selected. The report consists of
wideband CQI (5 bits) +

delta CQI per best-2 of each group (7 level) +

Location of the best-2 subband in each group (2 hypothesis)

Payload size = 5+ [12 x (1+log 7)] = 51 bits (SIMO)

For MU-MIMO, wideband PMI is reported and one PMI per best-M subband.

Payload size = 5+3+ 12 x (log7+1+3) ~ 89  bits (MU-MIMO)


Table 2

Simulation Assumptions
	SIMO 1x2, 3 km/h
	5 UE / Cell
	20 UE / Cell

	Best-M
	Cell Throughput [Mbps]
	12.560
	13.944

	
	5% Throughput [Kbps]
	843.10
	268.23

	
	Cell Geom. Mean Thr [Mbps]
	11.134
	12.66

	Time Cycling
	Cell Throughput [Mbps]
	12.908
	14.238

	
	5% Throughput [Kbps]
	894.19
	281.45

	
	Cell Geom. Mean Thr. [Mbps]
	11.522
	13.032


Table 3

SIMO Performance (3km/h)
	MU-MIMO 2x2, 3km/h
	5 UE / Cell
	20 UE/ Cell

	Best-M
	Cell Throughput [Mbps]
	11.648
	14.268

	
	5% Throughput [Kbps]
	688.09
	169.2

	
	Cell Geom. Mean Thr [Mbps]
	10.154
	12.136

	Time Cycling
	Cell Throughput [Mbps]
	12.103
	15.03

	
	5% Throughput [Kbps]
	696.8
	193.55

	
	Cell Geom. Mean Thr. [Mbps]
	10.56
	12.96


Table 4

SDMA Performance (3km/h)
	SIMO 1x2, 30 km/h
	5 UE / Cell
	20 UE/ Cell

	Best-M
	Cell Throughput [Mbps]
	8.81
	9.22

	
	5% Throughput [Kbps]
	287.76
	62.08

	
	Cell Geom. Mean Thr [Mbps]
	6.99
	7.31

	Time Cycling
	Cell Throughput [Mbps]
	8.90
	9.39

	
	5% Throughput [Kbps]
	285.25
	66.38

	
	Cell Geom. Mean Thr. [Mbps]
	7.10
	7.50

	Wideband CQI
	Cell Throughput [Mbps]
	10.101
	10.695

	
	5% Throughput [Kbps]
	462.3
	113.6

	
	Cell Geom. Mean Thr. [Mbps]
	8.431
	8.978


Table 5     SIMO Performance (30 km/h)

	MU-MIMO 2x2, 30 km/h
	5 UE / Cell
	20 UE/ Cell

	Best-M
	Cell Throughput [Mbps]
	7.83
	8.99

	
	5% Throughput [Kbps]
	362.66
	75.63

	
	Cell Geom. Mean Thr [Mbps]
	6.35
	6.57

	Time Cycling
	Cell Throughput [Mbps]
	7.60
	9.01

	
	5% Throughput [Kbps]
	349.38
	72.49

	
	Cell Geom. Mean Thr. [Mbps]
	6.08
	6.58

	Wideband CQI
	Cell Throughput [Mbps]
	8.260
	10.428

	
	5% Throughput [Kbps]
	368.7
	89.5

	
	Cell Geom. Mean Thr. [Mbps]
	6.76
	8.226


Table 6  SDMA Performance (30km/h)
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Figure 1

Number of DL Grants for 3km/h (PDCCH)
We observe the following:
· For 3 km/h,  the system performance with time cycling is always better than with best-M approach
· Cell throughput with cycling is up to 3% better for SIMO and 5% better for SDMA
· 5% user throughput with cycling is 2% better for SIMO and 15% better for SDMA

· For 30km/h, the system performance of the two approaches is very similar. Also as it can be observed for this speed sending only the wideband CQI (i.e. no frequency selective scheduling) gives the best performance.
· The DL grant (PDCCH) overhead is much larger for best-M approach as opposed to time cycling

· The average number of grants in SIMO for best-M approach is 62% higher with 20 UEs/cell
4
Summary and Proposal
Based on the analysis in section 3, we propose to adopt the following for CQI reporting on PUCCH:
· CQI transmission on PUCCH based on wideband and subband feedback
· UE is configured by eNB to feedback CQI on PUCCH using either of two types

· One CQI value is fed back on PUCCH in a given subframe

· Wideband feedback

· One wideband CQI value is reported in a given subframe

· Subband feedback

· One subband CQI value is reported in a given subframe

· Reported subband is an implicit function of time (subframe) index ( time cycling across subbands
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