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1. Introduction
In the 3GPP RAN1 #51bis meeting in Sevilla [1], following CQI/PMI feedback scenarios on PUSCH were agreed upon for SU-MIMO.
Table 1. Extension of agreed single codeword CQI reporting modes to rank-1 PMI reporting
	
	PMI

	
	Single
	Multiple

	CQI
	Wideband
	Mode 1-1
(PMI calculated over the set S)
	FFS Mode 1-2
(a PMI calculated over each subband with same subband size as defined for Mode 3-2)

	
	UE selected
(Best-M)
	FFS Mode 2-1
(PMI calculated over the selected best M subbands)
	FFS Mode 2-2
(limited to the proposal of R1-080549)

	
	Node B
configured
	Mode 3-1
(PMI calculated over the set S)
	Mode 3-2 
(a PMI calculated over each subband)


In table 1, several CQI/PMI feedback modes are discussed and defined in RAN1 #51bis meeting. In addition, some of them were agreed as a CQI/PMI feedback. However, it is still FFS that the CQI/PMI feedback modes for UE-selected sub-band feedback even though there are two types of feedback modes for UE selected sub-band feedback. Hence, it is necessary to determine CQI/PMI feedback on PUSCH in order to finalize LTE standardization.
In this contribution, we investigate both Mode 2-1 and Mode 2-2 in order to see the performance difference between them and from the evaluation result we try to narrow down CQI/PMI feedback mode for UE-selected sub-band feedback.

2. Simulation Assumptions and Results
In this section, we evaluate two candidates of PMI feedback schemes (Mode 2-1 and 2-2) and show system-level evaluation results. In the system-level simulation, a UE reports two CQI values (i.e., wideband CQI and a single CQI for selected sub-bands) according to the current agreement on UE-selected sub-band feedback on PUSCH. Remaining detailed simulation assumption is shown in table 2 and 3.
Table 2. Basic simulation assumption

	Parameter
	Assumption

	OFDM parameters
	5 MHz / 10MHz

	Subframe length
	1.0 ms

	Frequency granularity for CQI feedback
	2RBs / 3RBs for Best-M

	CQI Feedback Compression Scheme
	Best M average (M = 3 / 5)

	Frequency granularity for PMI feedback
	2RBs / 3RBs for Best-M

	Channel Models
	6-ray TU 

	Mobile Speed (km/h)
	3 km/h

	Modulation schemes and channel coding rates
	QPSK (R=1/3, 1/2, 3/4)

16QAM (R=1/2, 5/8, 3/4)

64QAM (R = 3/5, 2/3, 3/4, 5/6)

	Channel Code
	Turbo code Component decoder : max-log-MAP

	Codebook scheme
	Working assumption [2]

	Antenna configuration
	4 transmitter, 2 receiver => [4Tx, 2Rx]

	Channel Estimation
	Perfect channel estimation


Table 3. System parameter assumption

	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

	Inter site distance
	500 m

	Penetration loss
	20dB for 3km/h users

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Total Node-B TX power
	43dBm (5MHz), 46dBm (10MHz)

	Minimum distance between UE and cell
	35 meters

	AMC
	ON  (2/3<MCS<5)

	Target block error rate
	10 %

	H-ARQ
	Chase combining with maximum retransmission 4

	OFDM symbols (Data symbols) per subframe
	14 (10)

	Scheduling Criterion
	Proportional Fair

	Scheduling
	Same MCS used for one codeword across RBs

	Users per sector
	1, 3, 5, 10

	Link Mapping
	EESM

	Other Cell interference
	All Node-B transmitters always on at full power

	CQI feedback delay
	3 TTI (3 ms)

	Channel Scenario
	Macro Cell


Figure 1 shows two candidates of PMI feedback scheme we considered in the evaluation. The Mode 2-1 feeds back only one PMI optimized for best-M sub-bands and it reuses the PMI employed for best-M sub-bands in order to calculate wideband CQI. In Mode 2-2, one PMI is fed back for best-M sub-bands selected by a UE with additional one PMI for remaining bands for the sake of the flexible frequency scheduling at the Node-B.
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(a) Mode 2-1: One PMI for Best Band          (b) Mode 2-2: One PMI for Best Band + One PMI 
Figure 1. Two candidates of PMI feedback Scheme for UE-selected sub-band feedback on PUSCH.
In the following evaluation, 2RBs and 3RBs are assumed as a frequency granularity of CQI for 5MHz and 10MHz system bandwidth, respectively. In addition, M=3 for 5MHz and M=5 for 10MHz are considered as M values for best-M average CQI reporting scheme employed in this evaluation. 
Table 4 shows the system level performance of the candidates of PMI feedback schemes according to system bandwidth and figure 2 shows spectral efficiency gain of Mode 2-2 compared to Mode 2-1.
Table 4. Spectral Efficiency according to PMI reporting scheme [bps/Hz]
	UE
	5MHz
	10MHz

	
	Mode 2-1
	Mode 2-2
	Mode 2-1
	Mode 2-2

	1
	1.32
	1.42
	1.31
	1.41

	3
	1.44
	1.53
	1.43
	1.52

	5
	1.58
	1.65
	1.56
	1.63

	10
	1.75
	1.79
	1.7
	1.74
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Figure 2. Average Sector Spectral Efficiency Gain
From figure 2, it is shown that the Mode 2-2 can provide within 2-7% performance gain compared to the Mode 2-1 and the gain gets larger as the number of UE in a cell becomes smaller. Therefore, additional one PMI for remaining band seems to be beneficial to keep the system throughput when the number of UE in a cell becomes smaller. In addition, the Mode 2-2 may provide more flexible multi-user scheduling by employing additional one PMI for remaining band.
3. Conclusion
In this contribution, we evaluated the system level performance according to the CQI/PMI feedbcack schemes for UE-selected sub-band feedback on PUSCH. From the evaluation results, we can conclude as follows:
· If a single PMI for selected best-M band is reported by a UE, additional one PMI for remaining bands seems necessary to support flexible frequency scheduling.
· Mode 2-2 provides significant performance gain as the number of UE in a cell becomes smaller compared to mode 2-1.
Therefore, we strongly recommend adopting the mode 2-2 as a CQI/PMI feedback scheme for UE-selected sub-bands feedback on PUSCH.
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						1PMI		UE		PA 0		PA 05		PA 0		PA 05		TU 0		TU 05		TU 0		TU 05

								1		1.68		1.58		1.12		0.951		1.32		1.32		0.829

								3		1.87		1.81		1.28		1.16		1.44		1.45		0.921

								5		1.95		1.93		1.38		1.29		1.58		1.58		1

								10		1.91								1.76				1.08

										Delay 0				Delay 2				Delay 0				15RB

						2PMI		UE		PA 0		PA 05		PA 0		PA 05		TU 0		TU 05		TU 0		TU 05

								1		1.64		1.55		1.34		1.2		1.41		1.37		0.893

								3		1.9		1.8		1.51		1.4		1.52		1.48		0.958

								5		1.94		1.96		1.59		1.5		1.64		1.62		1.04

								10		1.97								1.8				1.1

										Delay 0				Delay 2				Delay 0				15RB

						MPMI		UE		PA 0		PA 05		PA 0		PA 05		TU 0		TU 05		TU 0		TU 05

								1		1.71		1.6						1.54		1.46

								3

								5

								10

								5MHz												10MHz

		Best M CQI		1PMI				2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05		2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05

						1						1.32		1.32										1.31		1.3

						3						1.44		1.44										1.44		1.45

						5						1.58		1.58										1.57		49

						10						1.75		1.74						1.72		1.73		1.7		47

						15						1.84		1.84						1.84		1.8		1.78		50

								5MHz												10MHz

								2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05		2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05

				2PMI		1						1.42		1.38										1.41		1.36

						3						1.53		1.49										1.51		1.49

						5						1.65		1.6										1.63		49

						10						1.79		1.76						1.74		1.75		1.74		47

						15						1.87		1.86						1.86		1.81		1.81		50

								2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05		2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05

						1						92.9577464789		95.652173913						0		0		92.9078014184		95.5882352941

						3						94.1176470588		96.644295302						0		0		95.3642384106		97.3154362416

						5						95.7575757576		98.75						0		0		96.3190184049		100

						10						97.7653631285		98.8636363636						98.8505747126		98.8571428571		97.7011494253		100

						15						98.3957219251		98.9247311828						98.9247311828		99.4475138122		98.3425414365		100

				1+1(WB)PMI				5MHz												10MHz

								2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05		2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05

						1						20		20

						3						20		20

						5						20		20

						10						20		20

						15						20		20

				1+1(WB)PMI				5MHz												10MHz

				WB CQI				2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05		2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05

						1

						3

						5

						10

						15

								5MHz												10MHz

								2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05		2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05

		M CQI		1PMI		1						1.37		24

						3						1.49		24

						5						1.58		24

						10						39		24

						15						39		24

								5MHz												10MHz

								2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05		2x2 TU 00		2x2 TU 05		4x2 TU 00		4x2 TU 05		4x4 TU 00		4x4 TU 05

				MPMI		1						1.53		24

						3						1.63		24

						5						38		24

						10						38		24

						15						38		24

																						49		UE03				BestM Average. 현재 실험이. Best M Individual인가? 알아보기위한 실험.

																						49		UE03 TU_RxCorr05				Rx Correrlation 0.5일 때의 성능

																								2x2		5MHz

																										10MHz

																								4x2		5MHz

																										10MHz

																								4x4		5MHz

																										10MHz





20080123

		0

		0

		0

		0

		0



4x2 TU 00



기고그림

		

								5MHz				10MHz

								Scheme 1		Scheme 2		Scheme 1		Scheme 2

						1UE		1.32		1.42		1.31		1.41

						3UE		1.44		1.53		1.43		1.52

						5UE		1.58		1.65		1.56		1.63

						10UE		1.75		1.79		1.7		1.74

						15UE		1.84		1.87		1.78		1.81

								5MHz		10MHz

						1UE		92.9577464789		92.9078014184

						3UE		94.1176470588		94.0789473684

						5UE		95.7575757576		95.7055214724

						10UE		97.7653631285		97.7011494253

						15UE		98.3957219251		98.3425414365

								5MHz		10MHz

						1UE		7.5757575758		7.6335877863

						3UE		6.25		6.2937062937

						5UE		4.4303797468		4.4871794872

						10UE		2.2857142857		2.3529411765

						15UE		1.6304347826		1.6853932584





기고그림

		0		0		0		0		0

		0		0		0		0		0



1UE

3UE

5UE

10UE

15UE

Percent(%, Mode2-1 / Mode 2-2)

Average Sector Spectral Efficiency Ratio 
between Mode 2-1 over Mode 2-2



0123 정리

		0		0		0		0

		0		0		0		0



1UE

3UE

5UE

10UE

Percent (%,  (Mode 2-2) /  (Mode 2-1) -1 )

Spectral Efficiency Gain (Mode 2-2 over Mode 2-1)



Throughput

		

										5MHz																10MHz

																WB CQI		M CQI				1 CQI												WB CQI		M CQI		M CQI		1 CQI		1 CQI

		Best M CQI		4x2 TU 00				1 PMI		1 PMI		2 PMI		1+1(WB)		1+1(WB)		1 PMI		M PMI		1 PMI		M PMI		w PMI		1 PMI		2 PMI		1+1(WB)		1+1(WB)		1 PMI		M PMI		1 PMI		M PMI

						1				1.32		1.42		1.42		1.38		1.38		1.54		1.38		1.54				1.31		1.41

						3				1.44		1.53		1.52		1.49		1.49		1.63		1.41		1.56				1.43		1.52

						5				1.58		1.65						1.59		1.71								1.56		1.63

						10				1.75		1.79																1.7		1.74

						15		51		1.84		1.87		20		36		39		38		47		47		51		1.78		1.81

																WB CQI		M CQI				1 CQI												WB CQI		M CQI		M CQI		1 CQI		1 CQI

				4x2 TU 05				1 PMI		1 PMI		2 PMI		1+1(WB)		1+1(WB)		1 PMI		M PMI		1 PMI		M PMI		w PMI		1 PMI		2 PMI		1+1(WB)		1+1(WB)		1 PMI		M PMI		1 PMI		M PMI

						1				1.32		1.38		1.37		1.34		1.34		1.47		1.35		1.47				1.3		1.36

						3				1.44		1.49						1.47		1.57		1.39		1.49				1.45		1.49

						5				1.58		1.6																49		49

						10				1.74		1.76																1.72		1.75

						15		51		1.84		1.86		20		36		24		24		47		47		51		50		50

														Best M Avg + Avg								M CQI								1 CQI

														1 PMI / 2 PMI								1PMI / M PMI								1PMI / M PMI

														Spatial Correlation								Spatial Correlation								Spatial Correlation

														Low		Middle		High				Low		Middle		High				Low		Middle		High

								UE 01		Frequency
Selective		High		7.0%		4.4%						10.5%		8.3%						10.5%		8.3%

												Middle

												Low

												UE 03		5.9%		3.4%						8.6%

												UE 05		4.3%		1.3%

												UE 10		2.3%		1.2%

												UE 15		1.6%		1.1%

																								Rank1								Rank2

								1. Performance loss												TU 00				1 PMI		2 PMI						1 PMI		2 PMI

								2. PUSCH feedback overhead														1								1

																						3								3

																						5								5

								1. Performance of Frequency Selective CQI/PMI														10								10

								according to channel correlation and selective														15		50		50				15		49		49

												Spatial Correlation

												Low		Middle		High

								Frequency
Selective		High		Max

										Middle

										Low						Min

								Actually, only Frequency Non Selective channel would be needed on correlated or Frequency flat channel.

								2. Antenna configuration

								3. Number of UE

								WB CQI : Non selective band를 대변 --> Non selective band가 scheduling 될 때 필요

								WB CQI의 Throughput을 Maxization

								4. Feedback Overhead

								5. Rank Adaptation





# of required Bits

		

								5MHz												10MHz

												M CQI				1 CQI								M CQI		M CQI		1 CQI		1 CQI

		Best M CQI		4x2 TU 00				1 PMI		2 PMI		1 PMI		M PMI		1 PMI		M PMI		1 PMI		2 PMI		1 PMI		M PMI		1 PMI		M PMI

						1														13.000		14.000

						3														14.300		15.000

						5														15.600		16.200

						10														16.900		17.200

						15		9.140		9.250										17.700

												M CQI				1 CQI								M CQI		M CQI		1 CQI		1 CQI

				4x2 TU 05				1 PMI		2 PMI		1 PMI		M PMI		1 PMI		M PMI		1 PMI		2 PMI		1 PMI		M PMI		1 PMI		M PMI

						1														12.9		13.6

						3														14.3		14.8

						5

						10														17.1		17.3

						15





Sheet3

		Best M						N		M

				6 7										BitMap		CQI+Delta		2 PMI		Required Bits				1PMI		Required Bits

				8 10		2		5		1		2.3219280949		3		11		8		22				4		18

				11 26		2		13		3		8.1598713368		9		11		8		28				4		24

				27 64		3		22		5		14.6846390556		15		11		8		34				4		30

				65 110		4		28		6		18.5232096926		19		11		8		38				4		34

		NB configured								M

				6 7		1		-								CQI+Delta		M PMI		Required Bits				1 PMI

				8 10		1		4		3						19		12		31				4		23

				11 26		2		4		7						35		28		63				4		39

				27 64		3		6		11						51		44		95				4		55

				65 110		4		8		14						63		56		119				4		67

														2 CW

																Best M				NodeB

																1PMI		2 PMI		1 PMI		M PMI

														5M		24		28		39		63

														10M		30		34		55		95

														25M		34		38		67		119

																WB		SB

														1st CW		4		2

														2nd CW		3		2

																(4+3)		(2+2)xN

																						Best M Average + Average						NodeB configured

																						CQI FG		N		M		CQI FG		N

																				5M		2		13		3		4		7

																				10M		3		22		5		6		11

																				25M		4		28		6		8		14

												11 = (4+3) + (2+2)								1CW		Best M Average + Average						NodeB

																						# of  Bits		BitMap		CQI		# of  Bits

																				5M		15		9		6		18

																				10M		21		15		6		26

																				25M		25		19		6		32

																				2CW		Best M Average + Average						NodeB

																						# of  Bits		BitMap		CQI		# of  Bits

																				5M		20		9		11		35

																				10M		26		15		11		51

																				25M		30		19		11		63





		MCS Table

		QPSK		2		0.3333		0.6666		0

				2		0.4201		0.8402		1		0.1523		0.07615		2				78		0.076171875

				2		0.5139		1.0278		2		0.2344		0.1172		2				120		0.1171875

				2		0.6111		1.2222		3		0.377		0.1885		2				193		0.1884765625

				2		0.7118		1.4236		4		0.6016		0.3008		2				308		0.30078125

		16QAM		4		0.4063		1.6252		5		0.877		0.4385		2				449		0.4384765625

				4		0.4792		1.9168		6		1.1758		0.5879		2				602		0.587890625

				4		0.5538		2.2152		7		1.4766		0.36915		4				378		0.369140625

				4		0.6302		2.5208		8		1.9141		0.478525		4				490		0.478515625

				4		0.7049		2.8196		9		2.4063		0.601575		4				616		0.6015625

				4		0.7795		3.118		10		2.7305				6				466		0.455078125

				4		0.5613		2.2452		11		3.3223				6				567		0.5537109375

		64QAM		6		0.6215		3.729		12		3.9023				6				666		0.650390625

				6		0.6817		4.0902		13		4.5234				6				772		0.75390625

				6		0.7407		4.4442		14		5.1152				6				873		0.8525390625

				6		0.7998		4.7988		15		5.5547				6				948		0.92578125

								0.1523		0.2344		0.377		0.6016		0.877		1.1758

								0		1		2		3		4		5		6		7		8		9		0		11		12		13		14

								0.07615		0.1172		0.1885		0.3008		0.4385		0.5879		0.36915		0.478525		0.601575		0.455083333		0.553716667		0.650383333		0.7539		0.852533333		0.925783333

						-9

						-8		0.63

						-7		0.27		0.94

						-6		0.0491		0.65

						-5				0.208		0.984

						-4				0.0224		0.789

						-3						0.243		0.998

						-2						0.0123		0.866

						-1

						0

						1

						2

						3

						4

						5

						6

						7

						8

						9

						10

						11

						12

						SNR vs Spectral Efficiency Table에서 4bit(1.829dB) and 5bit(1dB) 간격으로 뽑아 왔다.

						4bit vs 5bit		시작 SNR dB이 서로 다르기 때문에 서로 겹치는 SE는 없어

						CQI		4bit은 1.829 dB 간격으로 뽑아낸것으고

								channel estimatino error가 포함되기 때문에

								SNR 1dB 미만의 granuarity를 어느 정도의 precision으로 보장을 하지 못해

						PDCCH		5bit은 1dB간격으로 뽑아냈고

								4bit으로 제한을 걸면 Transport Block size granuarity가 매우 커기지 때문에 그래

								transport block size는 32 bit MCS와 RB assignment의 종합으로 구해지기 때문에 실제 가능한 bit수는 매우커

								code rate는 finite binary precision으로 표현하자라고 해서

								하지만 TBS는

								조금이라도 granuarity가 fine해야하는 이유는 그렇지 않으면 MAC PDU Padding이 많이 생길 수 있으니까, efficiency가 떨어지지

								efficiency를 생각해서 TBS의 granuarity를 더 좋게 만든것으로 알고 있어

								MAC PDU Padding은 36.321 스펙을 보면 나와

								binary finite precision으로 표현가능하기 때문에

								1/1024의 배수로 하면

								예를 들면

								0.1은 finite binary로 표현이 불가능하거덩

						(!) MCS와 TB 는 정밀하게 표현되어야 한다.

						(2) CQI는...대략적인 값으로 표현되도 된다.
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