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Discussion
During RAN1#52 meeting, it is agreed that the best-M average CQI feedback scheme within a band part to be used for frequency selective CQI feedback on PUCCH. During the RAN1#52bis meeting, there were a lot of discussions to remove some of the CQI feedback schemes on PUSCH/PUCCH.
Sending FS-CQI on PUCCH instead of PUSCH has much lower overhead. Only 1/6 of a RB is needed to send a CQI on PUCCH as opposed to minimum of 1-2RB allocation on PUSCH for mode 3-1 (every 5ms in this simulation scenario). With a-periodic CQI on PUSCH the performance will be degraded.
In this contribution, case 1 with 10 MHz bandwidth is simulated with the mobile speed of 3 kmph and 2x2 SU-MIMO. As described in TS36.213, the subband size k is equal to 6 and number of bandwidth parts (BP) is equal to 3. M is equal to 1 for best-M scheme on PUCCH. Full buffer, FTP and HTTP traffics are simulated.
The performance of the following 3 feedback schemes are simulated:

· Wideband (WB) CQI/PMI feedback;

· Narrowband CQI feedback on PUSCH (Mode 3-1, denoted as NB-PUSCH) where CQI for each subband is fedback with a single wideband PMI report;

· Narrowband CQI feedback on PUCCH (NB-PUCCH);

The results are summarized in Table 1. The CQI period is assumed to be 5 ms for all the simulated schemes. As shown in Table 1, the gain of NB CQI feedback on PUCCH/PUSCH is significant for full buffer type traffics. For FTP and HTTP traffics, both NB CQI scheme on PUCCH and PUSCH provides very small gain on the sector throughput and moderate gain on user and cell-edge throughput.
Table 1 Performance Comparison of WB and NB-CQI on PUCCH and PUSCH (Mode 3-1).

[image: image1]
Based on the performance comparison, FS-CQI on PUCCH is a very valuable scheme for CQI feedback. It provides performance gain comparable to full CQI feedback scheme with much smaller uplink overhead. It should be an essential part of LTE release-8. 

Furthermore, the overhead of having periodic CQI/PMI feedback on PUSCH is very high in any reasonably loaded systems for providing meaningful gain over FS-CQI on PUCCH. Therefore, the decision to remove the periodic CQI/PMI report on PUSCH should be maintained while retaining the periodic CQI/PMI, both wideband and frequency-selective, report on PUCCH. Aperiodic CQI/PMI report on PUSCH should be used only as a complimentary method to FS-CQI on PUCCH since a pure aperiodic feedback scheme will not provide the frequency selective gains while maintaining a reasonable overhead.
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ANNEX A – System Simulation Assumptions
Table 2 - Macro-cell system simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers @ 2GHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	20/10 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Channel model
	Spatial Channel Model [3] SCM-C (Urban Macro, high spread [2])

	Total BS TX power (Ptotal)
	46dBm (10MHz)

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	35 meters

	Number of users
	10, 40, 400

	AMC
	ON  (2/3<MCS<4.8) , 16 Levels

	HARQ
	IR with N=8 stop-and-wait HARQ protocol

	OFDM symbols per subframe
	14 (Total)

	Scheduler
	PF (both in time and frequency domain)

	Link Mapping
	EESM

	E-UTRA BS Transmitter  x UE Receiver
	2x2

closed-loop MIMO

	Other Cell interference
	Explicitly modeled

	Channel estimation
	Explicitly modeled for Data and Control Channels

	DL Control Channels
	Explicitly modeled as per [4] with max n=3 (baseline).  Non-baseline cases used n=2.

Control Channels used 1x2 antenna configuration.

2 RS used for CCH channel estimation by occupying Antenna 1,2 locations in OFDM symbols 1 for Data 1x2 case and Antennas 1,2, 3, 4 locations in OFDM symbols 1 and 2 for Data 2x2 case.

	DL Reference Signal Structure
	As per [4]

	Resource Block (RB) size
	12 sub carrier over 11 symbols

	CQI Subband Size
	6 RBs

	Maximum number of users scheduled per sub-frame
	DL:10 (or 8) for 10 MHz

	Link to system interface
	Refer R1-061626 [5]
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