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1. Introduction
In the 3GPP RAN1 #51 meeting in Jeju [1], following CQI feedback scenarios were agreed upon for single Tx and TxD.
Table1: Supported parameters for UE-selected / NodeB configured subbands feedback
	
	PUSCH
	PUCCH

	Wideband
Feedback
	Wideband CQI
	Wideband CQI

	UE-Selected
Subbands Feedback
	Wideband CQI

Single CQI for selected subbands
	Single CQI for selected subbands

	NodeB configured

Subbands Feedback
	Wideband CQI

Each subband CQI
	Each subband CQI


Table 2: Supported parameters for UE-selected / NodeB configured subbands feedback
(Other values not precluded)
	System bandwidth [RBs]
	Group size [RBs]
	UE-Selected
	NodeB configured

	
	
	Subband size k [RBs]
	M
	Subband size k [RBs]

	6 – 7
	1
	-

(wideband CQI only)
	-

(wideband CQI only)
	-

(wideband CQI only)

	8 – 10
	1
	2
	1
	4

	11 – 26
	2
	2
	3
	4

	27 – 64
	3
	3
	5
	6

	65 – 110
	4
	4
	6
	4, 8


In addition to the CQI feedback for single Tx and TxD, there were some progress on CQI/PMI for NodeB configured sub-band feedback on PUSCH for SU-MIMO such as PMI and CQI granularity and frequency selective precoding in RAN1 #51 Jeju meeting [1]. However, it seems that CQI/PMI for UE-selected sub-band feedback on PUSCH for SU-MIMO has not been discussed much so far due to lack of time. Therefore, for finalizing LTE standardization, it is necessary to determine the PMI reporting scheme for UE-selected sub-band feedback on PUSCH. 

In this contribution, we investigate proper PMI feedback scheme for UE-selected sub-band feedback on PUSCH by means of system-level evaluation of various PMI reporting scenarios.

2. Simulation Assumptions and Results
In this section, we evaluate several possible candidates of PMI feedback schemes 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 as shown in table 1. As an exception case, we also assume only a single CQI for selected best sub-bands in order to the effect of the existence of the wideband CQI. Remaining detailed simulation assumption is shown in table 3 and 4.
Table 3. 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

4RBs / 6RBs for each subband

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

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

4RBs / 6RBs for each subband

	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 4. 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
	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 possible candidates of PMI feedback schemes we considered in the evaluation. In the scheme 1, best-M bands are selected arbitrarily from UE and each sub-band has its own PMI as a fully supported frequency selective precoding mode. Therefore, scheme 1 will have optimal performance of the UE-selected sub-band feedback performance. The scheme-2 reuses the PMI granularity of Node-B configured sub-band feedback in order to further reduce feedback overhead with keeping frequency selective precoding property. In the scheme 3, only 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. The scheme 4 only uses a single CQI and a single PMI for selected best-M bands is reported as extreme case to reduce feedback overhead.
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(a) Scheme-1: All PMI                                       (b) Scheme-2 : All PMI with larger FG 
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(c) Scheme-3: One PMI for Best Band + One PMI           (d) Scheme-4: One PMI for Best Band 
Figure 1. Candidates of PMI feedback Scheme for UE-selected sub-band feedback on PUSCH.
In the following evaluation, as shown in table 5, 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. For scheme-2, 4RBs and 6RBs according to Node-B configured sub-band size are assumed as a precoding frequency granularity.  
Table 5 shows required number of PMIs according to the schemes mentioned above according to the system bandwidth. As shown in table 5, scheme 1 and scheme 2 require relatively larger amount of feedback overhead compared to scheme 3 and scheme 4 since they employ frequency selective precoding. As an extreme case, scheme 4 only has a single PMI as a feedback overhead for UE-selected sub-band.
Table 5. The number of reported PMIs according to scheme
	System

Bandwidth
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 4

	5MHz
	12
	6
	2
	1

	10MHz
	16
	8
	2
	1


 Table 6 shows the system level performance of the candidates of PMI feedback schemes according system bandwidth and figure 2 shows their spectral efficiency ratio compared to scheme 1. 
Table 6. Spectral Efficiency according to PMI reporting scheme [bps/Hz]
	UE
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 4

	3
	1.63 
	1.58 
	1.49 
	1.12 

	5
	1.75 
	1.70 
	1.64 
	1.36 

	10
	1.83 
	1.78 
	1.76 
	-


(a) 5MHz

	UE
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 4

	3
	1.60 
	1.56 
	1.47 
	1.24 

	5
	1.72 
	1.68 
	1.62 
	1.39 

	10
	1.79 
	1.75 
	1.71 
	-


 (b) 10MHz
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(b) 10MHz
Figure 2. Average Sector Spectral Efficiency Ratio according to PMI feedback scheme
From figure 2, it is shown that scheme 2 shows approximately 2% performance loss compared to optimal case (i.e., scheme 1) even though PMI feedback overhead of scheme 2 is significantly decreased.  In addition, it is shown that scheme 3 performs within 10% performance loss compared to scheme 1, however, its PMI feedback overhead is almost similar to wideband precoding.  In the scheme 3, it seems that additional PMI for remaining band is beneficial for flexible multi-user scheduling if we take a look at the performance difference between scheme 3 and scheme 4. 
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:
· Reusing PMI granularity of Node-B configured sub-band feedback seems to be appropriated as a PMI feedback scheme for UE-selected sub-band feedback due to significant feedback overhead reduction considering its marginal performance loss compared to full frequency selective precoding (i.e., scheme 1)

· 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 within 10% performance loss..
Therefore, we recommend the use of scheme 2 and scheme 3 as a CQI/PMI feedback scheme for UE-selected sub-bands feedback on PUSCH in order to minimize PMI feedback overhead with reasonable performance loss. 
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																														174		171		166				159

				4Tx_2Rx						100.00		93.25		92.02		87.12		87.12		100.00		96.00		94.29		90.29		88.00		100.00		98.36		96.17		93.99		91.26		100.00		99.01		97.04		96.06		93.60

										100.00		94.38		92.50		88.13		88.13		1.00		0.96		0.94		0.90		0.90		1.00		0.98		0.96		0.94		0.91		1.00		0.99		0.97		0.00		0.93

										1.63E+00		1.51E+00		1.49E+00		1.43E+00		1.44E+00

										1.60E+00		1.51E+00		1.48E+00		1.42E+00		1.41E+00

										1.59E+00		1.57E+00		1.52E+00		1.48E+00

										100.00		98.74		95.60		93.08		0.00

																				4RB						2RB/4RB

																		SB		1.64E+00		1.00E+00				1.75E+00		1.00

																		Tow		1.63E+00		9.94E-01		0.006		1.66E+00		0.95

																		MB		1.58E+00		9.63E-01		0.037		1.67E+00		0.95

																		Best One		1.52E+00		9.27E-01		0.073		1.60E+00		0.91
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Ratio

5MHz, 25UEs, TU 3km/h



		

								175		169		166		162

								100		96.5714285714		94.8571428571		92.5714285714

										3.4285714286		5.1428571429		7.4285714286

														2.2857142857

														4

						5MHz

								All SB		M +1		1+1		1

						UE		Scheme 1		Scheme 2		Scheme 3		Scheme 4		Scheme 5				Scheme 1		Scheme 2		Scheme 3		Scheme 4		Scheme 5

						3		1.63		1.52		1.50		1.42		1.42		3 UEs		100.00		93.25		92.02		87.12		87.12

						5		1.75		1.68		1.65		1.58		1.54		5 UEs		100.00		96.00		94.29		90.29		88.00

						10		1.83		1.80		1.76		1.72		1.67		10 UEs		100.00		98.36		96.17		93.99		91.26

						25		2.03		2.01		1.97		1.95		1.90		25 UEs		100.00		99.01		97.04		96.06		93.60

						10MHz

						UE		Scheme 1		Scheme 2		Scheme 3		Scheme 4		Scheme 5				Scheme 1		Scheme 2		Scheme 3		Scheme 4		Scheme 5

						3		1.60		1.51		1.46		1.41		1.41		3 UEs		100.00		94.38		91.25		88.13		88.13

						5		1.72		1.65		1.62		1.55		1.55		5 UEs		100.00		95.93		94.19		90.12		90.12

						10		1.79		1.76		1.71		1.68		1.63		10 UEs		100.00		98.32		95.53		93.85		91.06

						25		1.96		1.95		1.90				1.82		25 UEs		100.00		99.49		96.94		0.00		92.86
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Scheme 2

Scheme 3
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Scheme 5
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Scheme 2

Scheme 3
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Scheme 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5

Percent(%)

Average Sector Spectral Efficiency Ratio (5MHz)



		



Scheme 1

Scheme 2

Scheme 3

Scheme 4

Scheme 5

Percent(%)

Average Sector Spectral Efficiency Ratio (10MHz)



		

						5MHz														10MHz

								SB w 2RB		SB w 4RB		1+1		1		CQI 4RB		N_WB				SB w 3RB		SB w 6RB		1+1		1		CQI 6RB		N_WB

						UE		Scheme 1		Scheme 2		Scheme 3		Scheme 4						UE		Scheme 1		Scheme 2		Scheme 3		Scheme 4

						3		1.63		1.58		1.50		1.42		1.59		1.12		3		1.60		1.54		1.48		1.41				1.20		1.6		0.9625

						5		1.75		1.70		1.65		1.58		1.70				5		1.72		1.68		1.62		1.55						1.65		1.0181818182

						10		1.83		1.78		1.76		1.72		1.75				10		1.79				1.71		1.68						1.68		0

						25		2.03				1.97		1.95						25		1.96				1.90

																																		0.9166666667

																																		0.9696969697		0.9523809524

																																				0.9821428571

								SB w 2RB		SB w 4RB		1+1		1		CQI 4RB						SB w 3RB		SB w 6RB		1+1		1		CQI 6RB

								Scheme 1		Scheme 2		Scheme 3		Scheme 4								Scheme 1		Scheme 2		Scheme 3		Scheme 4

						3 UEs		100.00		96.93		92.02		87.12		97.55				3 UEs		100.00		96.25		92.50		88.13

						5 UEs		100.00		97.14		94.29		90.29						5 UEs		100.00		97.67		94.19		90.12

						10 UEs		100.00		97.27		96.17		93.99						10 UEs		100.00		0.00		95.53		93.85

						25 UEs		100.00		0.00		97.04		96.06						25 UEs		100.00		0.00		96.94		0.00





		



Scheme 1

Scheme 2

Scheme 3

Scheme 4

Percent (%)

Average Sector Spectral Efficiency (5MHz)



		



Scheme 1

Scheme 2

Scheme 3

Scheme 4

Percent (%)

Average Sector Spectral Efficiency (10MHz)



		

				5MHz														10MHz

						SB w 2RB		SB w 4RB		1+1		1CQI/PMI								SB w 3RB		SB w 6RB		1+1		1CQI/PMI

				UE		Scheme 1		Scheme 2		Scheme 3		Scheme 4						UE		Scheme 1		Scheme 2		Scheme 3		Scheme 4

				3		1.63		1.58		1.49		1.12						3		1.60		1.56		1.47		1.24

				5		1.75		1.70		1.64		1.36						5		1.72		1.68		1.62		1.39

				10		1.83		1.78		1.76								10		1.79		1.75		1.71

						SB w 2RB		SB w 4RB		1+1		1CQI/PMI								SB w 3RB		SB w 6RB		1+1		1CQI/PMI

						Scheme 1		Scheme 2		Scheme 3		Scheme 4								Scheme 1		Scheme 2		Scheme 3		Scheme 4

				3 UEs		100.00		96.93		91.41		68.71						3 UEs		100.00		97.50		91.88		77.50

				5 UEs		100.00		97.14		93.71		77.71						5 UEs		100.00		97.67		94.19		80.81

				10 UEs		100.00		97.27		96.17		0.00						10 UEs		100.00		97.50		95.53		0.00





		



Scheme 1

Scheme 2

Scheme 3

Scheme 4

Percent(%)

Average Sector Spectral Efficiency (5MHz)



		



Scheme 1

Scheme 2

Scheme 3

Scheme 4

Percent(%)

Average Sector Spectral Efficiency (10MHz)
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