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1. Introduction
For the appropriate closed-loop precoding operation in FS-1, rank and precoding matrix index (PMI) should be fed back from UE. In RAN1 #48 meeting, following statements related to the rank and PMI feedback were agreed as a working assumption.
· UE reports a single rank report.
· Number of RBs represented by a single precoding report
· 1.25/1.6/2.5MHz: whole or subset of RBs
· 5/10/15/20MHz: order of 5 (e.g. 4, 5, or 6) adjacent RBs (exact single value to be decided in relation to the CQI discussion) / whole or subset of RBs
According to the current working assumption, while a single rank is reported for each UE, PMI information size can be varying according to PMI frequency granularity (FG). The small PMI FG (e.g., 5RBs) can be adopted to achieve significant throughput gain. On the other hand, it is regarded as disadvantage in terms of control signalling overhead that amount of feedback information for frequency selective PMI increases.
In that sense, it seems that PMI compression scheme should be considered for the LTE system in order to obtain the frequency selective precoding gain with reasonable PMI feedback overhead. We had similar discussion in RAN1 #50bis Shanghai meeting for reducing CQI feedback overhead while maintaining frequency selective scheduling gain and finally the best-M average scheme [1] was agreed as a CQI compression scheme. Generally, CQI and PMI are closely related to each other and it seems straightforward that both are fed back at the same time (see [2]). Therefore, PMI compression scheme should take the CQI feedback mechanism into account in order to appropriately reduce PMI feedback overhead with sacrificing marginal performance loss.
In this contribution, we investigate the possibility of reusing CQI compression scheme such as best-M individual scheme [3]. The proposed PMI compression scheme works as best-M individual in combination with best-M average CQI feedback. 

In the proposed scheme, we consider:
· K number of PMIs are fed back and the it includes
· PMIs for selected best-M bands for CQI

· additional one PMI for remaining bands for CQI

· Frequency granularity of PMI is always larger than that of CQI

· best-M bands for CQI feedback always are selected contiguous manner within a PMI frequency granularity in order to further reduce PMI feedback overhead.

In the following section, we evaluate the proposed PMI compression scheme and show the system level performance results according to PMI feedback overhead.
2. Simulation Assumptions and Results
In figure 1, we briefly introduce several candidates of CQI and PMI feedback schemes including our proposed PMI compression scheme (i.e., scheme-3). In the simulation, we assume frequency selective precoding with 5RBs frequency granularity for PMI feedback.
In the scheme 1 shown in figure 1.a, best-M bands are selected arbitrarily from UE and PMIs for every frequency granularity for PMI are fed back. Therefore, performance could be optimal since there are no restrictions for reducing feedback overhead. However, in scheme 2, some restrictions such as contiguous band selection for best-M CQI average within PMI frequency granularity in order to further reduce PMI feedback overhead.

In the scheme 3, PMI feedback overhead is reduced by feeding back PMIs only for selected best-M bands with contiguous best-M band selection with addition one PMI for remaining bands. Therefore, if we assume that CQI granularity is smaller than PMI granularity the PMI feedback overhead can be further reduced since two or more best bands for CQI can be covered by one PMI.
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(a) Arbitrarily selected best M CQI , All subband PMI     (b) Contiguous Best M CQI, All subband PMI
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(c) Contiguous Best M CQI, PMIs for selected best-M bands+PMI for remaining bands

(Scheme-3)
Figure 1. Frequency Granularity (FG) and PMI reporting overhead
In the following system level evaluation, we assume that frequency granularity of CQI and PMI are 2RBs and 4RBs, respectively. In addition, M=4 or 6 are considered for best-M CQI average. In that case, scheme 1 and scheme 2 may need 24bits (for 6 PMIs feedback) in 5MHz bandwidth. However, scheme 3 only needs 12bits (for 2 PMIs for selected bands and 1PMI for remaining bands in M=4 case) or 16bits (for 3 PMIs for selected bands and 1 PMI for remaining bands in M=6 case).

The following tables 1 and 2 include remaining system level simulation assumptions in detail.
Table 1. Basic simulation assumption
	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Frequency granularity for CQI feedback
	2RBs

	CQI Feedback Compression Scheme
	Best M average (M=4 , 6)

	Frequency granularity for PMI feedback
	4RBs

	The number of PMI feedback
	All, M/2 +1

	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 [1]

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

	Channel Estimation
	Perfect channel estimation


Table 2. 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)

	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 8

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

	Scheduling Criterion
	Proportional Fair

	Scheduling
	Same MCS used for one codeword across RBs

	Users per sector
	20

	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 2 and 3 show the spectral efficiency ratio compared to scheme 1 according to the size of M for best-M average CQI feedback. From figure 2 and 3, we can see that scheme 1 and scheme 2 show approximately -1~1% performance difference even though scheme 2 has some restriction for selecting best-M band such as contiguous band selection within a PMI granularity. That’s because adjacent RB could be suboptimal M bands. Therefore, if CQI information is accurate, contiguous band selection doesn’t degrade system performance significantly.
The main difference between scheme 2 and scheme 3 is how many PMIs are fed back for remaining bands. In scheme 3, only one PMI is used for remaining bands. Otherwise, the scheme 2 fed back PMIs for every PMI frequency granularity for the remaining bands. Therefore, if enough number of UE using precoding in a cell the performance difference between scheme 2 and scheme 3 is reduced since a UE can be allocated mostly in the preferred subband (i.e., best-M band).
In the figures shown below, three schemes have similar performance irrespective of the size M. In addition, the scheme 3 has minimal PMI feedback overhead with marginal performance loss.
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(a) Best-4 CQI reporting
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 (b) Best-6 CQI Reporting
Figure 3. Average Sector Throughput Ratio according to PMI reporting overhead
3. Conclusion
In this contribution, we investigated the PMI compression scheme by using best-M individual concept. In addition, we propose to use contiguous band section for best-M CQI within a PMI frequency granularity in order to further reduce PMI feedback overhead. From the evaluation results, we can conclude as follows:

· Contiguous band section for best-M CQI average shows marginal throughput loss compared to arbitrarily selected best-M CQI average.
· The proposed PMI compression scheme (i.e., scheme 3) in which PMIs for selected best-M bands and additional one PMI for remaining bands are fed back show insignificant performance degradation with reduced PMI feedback overhead.
Therefore, we recommend the use of scheme 3 as a PMI compression scheme in order to minimize PMI feedback overhead with slight performance degradation.
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								B1																																																				13		CQI Average		4		1		4		All		2.25E+00		2.50E+00		2.59E+00		13		1.01E+02		1.00E+02		9.96E+01								UE 5		UE 15		UE 25
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				SFBC		85.7		13.6		0.00614		0.000749

				1Bit		77		17.8		0.0344		0.00953

				--> Channel의 CDF를 고려할 때, SFBC의 CDF가 1Bit CB의 CDF 보다 Sharp하다.

				--> Geometry에 의해 MCS는 한번만 Selection이 된다.

				결국, 고정된 MCS를 사용하여 SFBC와 Fixed Beam의 FER 성능을 평가하는 것과 같다.

				SFBC가 Fixed Beam 보다는 전송 성공 확률이 높다는 것과 같은 이야기.

				또한 Longterm정보인 Geometry를 사용하여 MCS를 Selection하더라도 안정적인 성능을 보이는 것은, Geometry 정보에 의해 선택된 MCS가 Simulation Time 동안에는 적절하다는 의미.

				--> Geimetry 정보는 Pathloss와 Interference Power/Thermal_Noise의 함수다.

				PathLoss = PathLoss + Shadowing - BS_gain + Penetration_Loss

				s        = PathLoss * Tx_Power / (1+G) / Nfft

				Geometry = s / (interference_power + Thermal_noise)

				1. SFBC의 CQI를 초기 단계에 전달해 준다.

				Time average라면 Geometry를 확보할 수 있다.

				300ms 동안에는 안정적인 정보를 갖는다?

				2

				1. Geometry의 당위성을 확보하라!!

				2. PMI overriding에서 CQI margin의 Lower Boundary를 찾아라!!

						PUSCH 자주   PUSCH 천천

						-----------------------------------------

						1. C + SFBC    |       0         |       1

						-----------------------------------------

						2. C + WB PMI |       1         |       0

						-----------------------------------------

						TU 3km/h																TU 15km/h

						UE 03				0		10		20		30		40				UE 03				0		10		20		30		40

						SFBC		WB		1.82E+00		1.80E+00		1.79E+00		1.78E+00						SFBC		WB		1.25E+00		1.28E+00				1.34E+00

						SFBC		WB				1.78E+00		1.75E+00		1.72E+00						SFBC		WB				1.28E+00				1.33E+00

						SFBC		SNR				1.78E+00		1.74E+00		1.70E+00						SFBC		SNR				1.28E+00		1.30E+00		1.32E+00

						WB PMI		WB				1.81E+00		1.79E+00		1.77E+00						WB PMI		WB				1.23E+00		1.20E+00		1.18E+00

						WB PMI		SNR				1.79E+00		1.76E+00		1.72E+00						WB PMI		SNR				1.23E+00		1.22E+00		1.20E+00

						UE 05				0		10		20		30		40				UE 05				0		10		20		30		40

						SFBC		WB		1.93E+00						1.88E+00						SFBC		WB

						SFBC		WB														SFBC		WB

						SFBC		SNR														SFBC		SNR

						WB PMI		WB				1.91E+00				1.88E+00						WB PMI		WB

						WB PMI		SNR				1.91E+00				1.85E+00						WB PMI		SNR

						UE 10				0		10		20		30		40				UE 10				0		10		20		30		40

						SFBC		WB		18								21				SFBC		WB

						SFBC		WB										23				SFBC		WB

						SFBC		SNR										33				SFBC		SNR

						WB PMI		WB										42				WB PMI		WB

						WB PMI		SNR										43				WB PMI		SNR

								Time		freq

						PMI		10TTI		4RB

						CQI		5TTI		4RB

						Localized

						Fixed Band

						4Tx-2Rx

						Rank 1

						TI codebook																						1		-3.515

						TU 3,15km/h																						3		-0.747

																												5		1.45

																												9		4.431

				3000		TU 3km/h		CHUN		Sim_25		Sim_21		Sim_22,24		Sim_13												11		6.694

				MCS				Perfect		10_SFBC		20_SFBC		10_Fixed		20_Fixed												13		8.59

				3		0		0.59		0.557		0.53		0.572		0.553				94.406779661		0.8983050847		96.9491525424				15		10.457

				9		5		1.026		0.98		0.912		0.995						95.5165692008		0.8888888889		96.9785575049				18		13.564

				15		10		2.043		1.434		1.782		1.54						70.1908957416		0.872246696		75.3793441018				20		15.742

				20		15		2.213		1.902		2.097		2.02						85.9466787167		0.9475824672		91.2788070493				21		17.332

																												MCS		dB

				3000		TU 15km/h																						3		0

				MCS				Perfect		10_SFBC		20_SFBC		10_Fixed		20_Fixed												9		5

				3		0				0.345				0.342		0.334												15		10

				9		5		0.632		0.617		0.604		0.618						97.6265822785		0.9556962025						20		15

				15		10		0.949		0.941		1.277		0.94						99.1570073762

				20		15		1.338		1.32		1.746		1.317						98.6547085202

				30000		TU 3km/h

				MCS				Perfect		10_SFBC		20_SFBC		20_SFBC		20_Fixed

				3		0		0.577				0.508

				9		5

				15		10

				20		15

				30000		TU 15km/h

				MCS				Perfect		10_SFBC		20_SFBC		20_SFBC		20_Fixed

				3		0		0.364		0.357		0.344		0.357

				9		5

				15		10

				20		15





		

						1. CQI index is defined in terms of TBS, MS (QPSK, 16QAM, 64QAM) per n PRBs.

						(1) Value of n is fixed and FFS. What n value should be taken?

						(2) Are there any other parameters than TBS and MS, which should be included as a part of the element pointed by a CQI index?

						2. Regarding the equivalent SINR step size assumed in the CQI table, 1 dB was agreed to be the minimum step size. Is there need for having other values? If yes, what values are recommended?

						3. Aperiodic CQI reporting is triggered by the Node B by having maximum 1 bit indication in the uplink grant signaling. Having 1 bit might be the simplest way. Are there any views on this?

						4. Subband is a set of contiguous k PRBs, where k can be configured by the Node B. What values of k should be specified?

						Active discussions on these points would be appreciated. If you have other topics to discuss, please let me know.

						Summary of the email discussion will be provided as a Tdoc to Jeju meeting.

								1. n=?		2. CQI		3. 1bit		4. k=?

						Huawei		2						2,5,10,WB				PUSCH		eNB: 5, 10		Best-M: 2		PUCCH		WideBand

						NSN,Nokia								2,5,10,WB				WideBand		Full Feedback: 5, 10				Best-M: 2, 5

						ALU								1, N_RB/2				Min: 1		Max: N_RB / 2

						InterDigital		The smallest of K						2, 5, 10				Frequency Selective: 2, 5						Less Frequency Selective: 5, 10

						TI		1, 2						2, 5, N_RB

						Panasonic		one of K						2, 5, 10				The values of 5 and 10 may need to be revisited in case the PMI granularity is different from 5.
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(a)  Scheme 1

(b)  Scheme 2

(c)  Scheme 3

Percent(%)

Spectral Efficiency Ratio (TU 3km/h)
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BestM PMI

		

				1. Best M Average CQI

						If CQI FG = 2, PMI FG = 4												CQI control overhead는 2

																		PMI control overhead는 6PMI, M PMI, M/2 PMI

						If performance A and B are similar, I think that B is more available since PMI control overhead.

						(1) PMI FG = 4						CQI FG = 2

																																																												Overhead		Overhead

								M=4																																																				All PMIs		Best M PMI

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24

								A1																																																				6		4+1

								B1																																																				6		2+1

								M=6

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24

								A2																																																				6

								B2																																																				6		3+1

						(2) PMI FG = 5						CQI FG = 5

								M=1

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25

								B3																																																				6		1+1

						(3) PMI FG = 6						CQI FG = 2

								M=4

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24

								A4																																																				6		4+1

								B4																																																				6		2+1

								M=6

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24

								A5																																																				6		4+1

								B5																																																				6		2+1

								Progress

								Simulator										A: 0%				B:100%

								Simulation Result										A: 0%				B: 0%

								Tdoc										~0%

								Time line

												23(화)						24(수)						25(목)						26(금)						27(토)						28(일)						29(월)						30(화)

										A								Simulator

										B		B1~B5

								Tdoc																						Draft

								Parameters

								# of UEs						: 15

								Antenna						: 4Tx-2Rx

								Channel						: TU 3km/h

								Initial Time						: 100ms

								Sym time						: 1000ms

								M=2

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24

								A1

																																																																																												Best M Individual CQI

								B1																																																																																				UE 5		UE 15		UE 25

																																																																																												2.24E+00		2.52E+00		2.65E+00		1.00E+02		1.00E+02		1.00E+02

								M=4																																																																																				2.23E+00		2.58E+00		2.72E+00		9.96E+01		1.02E+02		1.03E+02

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24																																				2.26E+00		2.61E+00		2.74E+00		1.01E+02		1.04E+02		1.03E+02

																																																																CQI FG		Best M		PMI FG		Best M		UE 5		UE 15		UE 25		Chun

								A1																																																				11		CQI Individual		2		2		4		All		2.24E+00		2.52E+00		2.65E+00				UE 5		UE 15		UE 25

																																																												12		CQI Average		2		2		4		All		2.23E+00		2.49E+00		2.60E+00		12		1.00E+02		1.00E+02		1.00E+02								Best M Average CQI				UE가 많을 수록 M의 수를 줄이는 것이 좋다.

								B1																																																				13		CQI Average		4		1		4		All		2.25E+00		2.50E+00		2.59E+00		13		1.01E+02		1.00E+02		9.96E+01								UE 5		UE 15		UE 25

																																																												14		CQI Average - RB		4		1		4		1		2.09E+00		2.41E+00		2.54E+00		14		9.37E+01		9.68E+01		9.77E+01								2.09E+00		2.41E+00		2.54E+00		1.00E+02		1.00E+02		1.00E+02

								M=6																																																				15		CQI Average - WB		4		1		4		1		2.07E+00		2.25E+00		2.54E+00		15		9.28E+01		9.04E+01		9.77E+01								2.15E+00		2.45E+00		2.53E+00		1.03E+02		1.02E+02		9.96E+01

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24																						Sim25														2.20E+00		2.44E+00		2.49E+00		1.05E+02		1.01E+02		9.80E+01

																																																												21		CQI Individual		2		4		4		All		2.23E+00		2.58E+00		2.72E+00				UE 5		UE 15		UE 25

								A2																																																				22		CQI Average		2		4		4		All		2.22E+00		2.51E+00		2.59E+00		22		1.00E+02		1.00E+02		100

																																																												23		CQI Average		4		2		4		All		2.24E+00		2.49E+00		2.56E+00		23		1.01E+02		9.92E+01		98.8416988417								UE 5		UE 15		UE 25

								B2																																																				24		CQI Average - RB		4		2		4		2		2.15E+00		2.45E+00		2.53E+00		24		9.68E+01		9.76E+01		97.6833976834						All		2.25E+00		2.50E+00		2.59E+00

																																																												25		CQI Average - WB		4		2		4		2		2.11E+00		2.43E+00		2.53E+00		25		9.50E+01		9.68E+01		97.6833976834						Best M PMI		2.09E+00		2.41E+00		2.54E+00

																																																																														Sim24

								M=6																																																				31		CQI Individual		2		6		4		All		2.26E+00		2.61E+00		2.74E+00				UE 5		UE 15		UE 25						All		2.24E+00		2.49E+00		2.56E+00

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24				32		CQI Average		2		6		4		All		2.25E+00		2.49E+00		2.54E+00		32		1.00E+02		1.00E+02		100						Best M PMI		2.15E+00		2.45E+00		2.53E+00

																																																												33		CQI Average		4		3		4		All		2.25E+00		2.46E+00		2.51E+00		33		1.00E+02		9.88E+01		98.8188976378

								A5																																																				34		CQI Average - RB		4		3		4		3		2.20E+00		2.44E+00		2.49E+00		34		9.78E+01		9.80E+01		98.031496063						All		2.25E+00		2.46E+00		2.51E+00

																																																												35		CQI Average - WB		4		3		4		3		2.17E+00		2.44E+00		2.44E+00		35		9.64E+01		9.80E+01		96.062992126						Best M PMI		2.20E+00		2.44E+00		2.49E+00

								B5																																																																						Sim22

																																																												41		CQI Individual		2		3		6		All		2.17E+00		2.51E+00		2.65E+00				UE 5		UE 15		UE 25								비슷		감,감		감,감

								M=6																																																				42		CQI Average		2		3		6		All		2.17E+00		2.45E+00		2.56E+00		42		1.00E+02		1.00E+02		100								증,증		증,감		감,감

										1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24				43		CQI Average		6		1		6		All		2.21E+00		2.45E+00		2.54E+00		43		1.02E+02		1.00E+02		99.21875

																																																												44		CQI Average - RB		6		1		6		1		2.12E+00		2.42E+00		2.52E+00		44		9.77E+01		9.88E+01		98.4375

								A5																																																				45		CQI Average - WB		6		1		6		1		2.09E+00		2.41E+00		2.51E+00		45		9.63E+01		9.84E+01		98.046875

																																																																														Sim20

								B5																																																				51		CQI Individual		2		6		6		All		2.21E+00		2.57E+00		2.70E+00				UE 5		UE 15		UE 25

																																																												52		CQI Average		2		6		6		All		2.19E+00		2.45E+00		2.50E+00		52		1.00E+02		1.00E+02		100

																																																												53		CQI Average		6		2		6		All		2.21E+00		2.41E+00		2.46E+00		53		1.01E+02		9.84E+01		98.4

																																																												54		CQI Average - RB		6		2		6		2		2.18E+00		2.40E+00		2.45E+00		54		9.95E+01		9.80E+01		98

																																																												55		CQI Average - WB		6		2		6		2		2.15E+00		2.39E+00		2.44E+00		55		9.82E+01		9.76E+01		97.6

																																																														1. CQI의 Best M Selection은 PMI FG 내에서 Contiguous 하도록 선택

																																																														2. Best M PMI Selection + Average PMI

																																																														3. Average CQI는 Best M Band CQI + Remaining Band CQI

																																																																WB PMI + Average CQI

																																																																												UE 5		UE 15		UE 25

																																																																										(a) Scheme 1		1.00E+02		1.00E+02		1.00E+02

																																																																										(b)  Scheme 2		1.01E+02		9.92E+01		98.84169884

																																																																										(c)  Scheme 3		9.68E+01		9.76E+01		97.68339768

																																																																												UE 5		UE 15		UE 25

																																																																										(a)  Scheme 1		1.00E+02		1.00E+02		100

																																																																										(b)  Scheme 2		1.00E+02		9.88E+01		98.81889764

																																																																										(c)  Scheme 3		9.78E+01		9.80E+01		98.03149606
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				CQI		5

				PMI		10

				Packet Error Rate				1%

								10%

								30%

								50%

				Rank 1				Rank 2

				Confirm		SFBC		Confirm		SFBC

						WB PMI				WB PMI (Rank1)

						History				History

				1. SFBC - Velocity				MCS adapation rate according to velocity

				2. Feedback Error

						CQIM=2		M=3

				All		2.18

				Best		2.12

				-------------------------------------------------

				Simulation Time		: 100/300ms - 50drops

				Link Adaptatio		: Geometry based --> Fixed MCS ?

				Channel				: TU 30km/h

				Initial Transmission: 100% ??

				Antenna				: 2Tx-2Rx

						Tx Antenna Correlation

						0		80

				SFBC		1.07		1.04

				1Bit		1.01		0.912

						Tx Antenna Correlation (0%)

						1st		2nd		3rd		4th

				SFBC		88.6		10.9		0.444		0.0243

				1Bit		83.1		16.1		0.797		0.0384

						Tx Antenna Correlation (80%)

						1st		2nd		3rd		4th

				SFBC		85.7		13.6		0.00614		0.000749

				1Bit		77		17.8		0.0344		0.00953

				--> Channel의 CDF를 고려할 때, SFBC의 CDF가 1Bit CB의 CDF 보다 Sharp하다.

				--> Geometry에 의해 MCS는 한번만 Selection이 된다.

				결국, 고정된 MCS를 사용하여 SFBC와 Fixed Beam의 FER 성능을 평가하는 것과 같다.

				SFBC가 Fixed Beam 보다는 전송 성공 확률이 높다는 것과 같은 이야기.

				또한 Longterm정보인 Geometry를 사용하여 MCS를 Selection하더라도 안정적인 성능을 보이는 것은, Geometry 정보에 의해 선택된 MCS가 Simulation Time 동안에는 적절하다는 의미.

				--> Geimetry 정보는 Pathloss와 Interference Power/Thermal_Noise의 함수다.

				PathLoss = PathLoss + Shadowing - BS_gain + Penetration_Loss

				s        = PathLoss * Tx_Power / (1+G) / Nfft

				Geometry = s / (interference_power + Thermal_noise)

				1. SFBC의 CQI를 초기 단계에 전달해 준다.

				Time average라면 Geometry를 확보할 수 있다.

				300ms 동안에는 안정적인 정보를 갖는다?

				2

				1. Geometry의 당위성을 확보하라!!

				2. PMI overriding에서 CQI margin의 Lower Boundary를 찾아라!!

						PUSCH 자주   PUSCH 천천

						-----------------------------------------

						1. C + SFBC    |       0         |       1

						-----------------------------------------

						2. C + WB PMI |       1         |       0

						-----------------------------------------

						TU 3km/h																TU 15km/h

						UE 03				0		10		20		30		40				UE 03				0		10		20		30		40

						SFBC		WB		1.82E+00		1.80E+00		1.79E+00		1.78E+00						SFBC		WB		1.25E+00		1.28E+00				1.34E+00

						SFBC		WB				1.78E+00		1.75E+00		1.72E+00						SFBC		WB				1.28E+00				1.33E+00

						SFBC		SNR				1.78E+00		1.74E+00		1.70E+00						SFBC		SNR				1.28E+00		1.30E+00		1.32E+00

						WB PMI		WB				1.81E+00		1.79E+00		1.77E+00						WB PMI		WB				1.23E+00		1.20E+00		1.18E+00

						WB PMI		SNR				1.79E+00		1.76E+00		1.72E+00						WB PMI		SNR				1.23E+00		1.22E+00		1.20E+00

						UE 05				0		10		20		30		40				UE 05				0		10		20		30		40

						SFBC		WB		1.93E+00						1.88E+00						SFBC		WB

						SFBC		WB														SFBC		WB

						SFBC		SNR														SFBC		SNR

						WB PMI		WB				1.91E+00				1.88E+00						WB PMI		WB

						WB PMI		SNR				1.91E+00				1.85E+00						WB PMI		SNR

						UE 10				0		10		20		30		40				UE 10				0		10		20		30		40

						SFBC		WB		18								21				SFBC		WB

						SFBC		WB										23				SFBC		WB

						SFBC		SNR										33				SFBC		SNR

						WB PMI		WB										42				WB PMI		WB

						WB PMI		SNR										43				WB PMI		SNR

								Time		freq

						PMI		10TTI		4RB

						CQI		5TTI		4RB

						Localized

						Fixed Band

						4Tx-2Rx

						Rank 1

						TI codebook																						1		-3.515

						TU 3,15km/h																						3		-0.747

																												5		1.45

																												9		4.431

				3000		TU 3km/h		CHUN		Sim_25		Sim_21		Sim_22,24		Sim_13												11		6.694

				MCS				Perfect		10_SFBC		20_SFBC		10_Fixed		20_Fixed												13		8.59

				3		0		0.59		0.557		0.53		0.572		0.553				94.406779661		0.8983050847		96.9491525424				15		10.457

				9		5		1.026		0.98		0.912		0.995						95.5165692008		0.8888888889		96.9785575049				18		13.564

				15		10		2.043		1.434		1.782		1.54						70.1908957416		0.872246696		75.3793441018				20		15.742

				20		15		2.213		1.902		2.097		2.02						85.9466787167		0.9475824672		91.2788070493				21		17.332

																												MCS		dB

				3000		TU 15km/h																						3		0

				MCS				Perfect		10_SFBC		20_SFBC		10_Fixed		20_Fixed												9		5

				3		0				0.345				0.342		0.334												15		10

				9		5		0.632		0.617		0.604		0.618						97.6265822785		0.9556962025						20		15

				15		10		0.949		0.941		1.277		0.94						99.1570073762

				20		15		1.338		1.32		1.746		1.317						98.6547085202

				30000		TU 3km/h

				MCS				Perfect		10_SFBC		20_SFBC		20_SFBC		20_Fixed

				3		0		0.577				0.508

				9		5

				15		10

				20		15

				30000		TU 15km/h

				MCS				Perfect		10_SFBC		20_SFBC		20_SFBC		20_Fixed

				3		0		0.364		0.357		0.344		0.357

				9		5

				15		10

				20		15





		

						1. CQI index is defined in terms of TBS, MS (QPSK, 16QAM, 64QAM) per n PRBs.

						(1) Value of n is fixed and FFS. What n value should be taken?

						(2) Are there any other parameters than TBS and MS, which should be included as a part of the element pointed by a CQI index?

						2. Regarding the equivalent SINR step size assumed in the CQI table, 1 dB was agreed to be the minimum step size. Is there need for having other values? If yes, what values are recommended?

						3. Aperiodic CQI reporting is triggered by the Node B by having maximum 1 bit indication in the uplink grant signaling. Having 1 bit might be the simplest way. Are there any views on this?

						4. Subband is a set of contiguous k PRBs, where k can be configured by the Node B. What values of k should be specified?

						Active discussions on these points would be appreciated. If you have other topics to discuss, please let me know.

						Summary of the email discussion will be provided as a Tdoc to Jeju meeting.

								1. n=?		2. CQI		3. 1bit		4. k=?

						Huawei		2						2,5,10,WB				PUSCH		eNB: 5, 10		Best-M: 2		PUCCH		WideBand

						NSN,Nokia								2,5,10,WB				WideBand		Full Feedback: 5, 10				Best-M: 2, 5

						ALU								1, N_RB/2				Min: 1		Max: N_RB / 2

						InterDigital		The smallest of K						2, 5, 10				Frequency Selective: 2, 5						Less Frequency Selective: 5, 10

						TI		1, 2						2, 5, N_RB

						Panasonic		one of K						2, 5, 10				The values of 5 and 10 may need to be revisited in case the PMI granularity is different from 5.
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