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1. Introduction

In [1] Section 7.2.1, three types of PUSCH reporting mode 1-2, 3-0 and 3-1 use Table 7.2.1-2 to determine the reported subband size k and number of subbands M1 in set S. However, the third column of Table 7.2.1-2 is still empty in [1]. As it was determined in RAN1 #53 Kansas meeting that set S spans the entire downlink (DL) system bandwidth, there were discussions in RAN1 #53bis Warsaw meeting [3][4] regarding how to complete the Table 7.2.1-2 and clarify the related text in [1]. In this contribution, we make our comment on this topic from saving uplink (UL) overhead bits perspective and propose fixes to [1].
2. Reduce the number of subbands to minimize PUSCH reporting overhead
First, as we don’t think it is necessary to introduce another variable M1 in [1] Section 7.2.1 describing the number of subbands in set S because S now equals system bandwidth anyway, N is used instead hereafter to be consistent with the other Sections of [1]. 
According to [1] Section 7.2 that the number of subbands N for system bandwidth given by
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then one of the subbands is smaller than the other subbands and of size
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. We denote this smaller subband as “fractional subband” hereafter. Figure 1 shows the subband sizes for different DL system bandwidth configurations by current definition. Note that as only wideband CQI/PMI is used for 1.4MHz DL system bandwidth configuration, it is not included in Figure 1.
If the fractional subband was merged into neighboring subband, then the number of subbands N would be decreased by one, consequently several UL PMI/CQI reporting overhead bits can be saved for those UEs at PUSCH 1-2, 3-0, or 3-1 mode. Furthermore, regarding single larger subband on the edge of band which might not be preferred in some scenarios, it can be mostly resolved by splitting the fractional subband into two pieces of leftover RBs and merging them into both edge subbands. A function like the following is needed to indicate how the fractional subband is merged into the edge subbands. Figure 1 illustrates the propose scheme for different DL system bandwidth configurations.   
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[image: image5.wmf]ë

û

k

N

k

N

/

DL

RB

DL

RB

×

-

 , where x is the size of fractional subband                                                          
if (x is even)                                                                                                                                                
k0 = k + x/2, where k0 is the size of both edge subbands                                                                     
else                                                                                                                                                              
k0 = k + (x+1)/2,  k1 = k + (x-1)/2,                                                                                                        

where k0 is the size of low end edge subband and k1 is the size of high end edge subband    
In Table 1 we enumerated the saved UL PMI/CQI reporting overhead bits per UE at PUSCH 1-2, 3-0 and 3-1 reporting mode for different transmission configurations [2]. It can be seen that with the proposed scheme at most 4 bits of UL reporting overhead can be saved per UE.
Table 1 – Saved UL PMI/CQI overhead bits by proposed scheme

	Mode state
	PUSCH reporting mode

	
	1-2
	3-0
	3-1

	Single-antenna port 0 / Transmit diversity / 
Single-antenna port 5 / 
Open-loop spatial multiplexing 
	N/A
	2
	N/A

	Closed-loop spatial multiplexing
	2 Tx RI =1
	2
	N/A
	2

	
	2 Tx RI =2
	1
	
	4

	
	4 Tx RI =1
	4
	
	2

	
	4 Tx RI >1
	
	
	4

	Closed-loop rank-1 precoding /

Multi-user MIMO
	2 Tx RI =1
	2
	
	2

	
	4 Tx RI =1
	4
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Figure 1 – Current vs. proposed subband sizes for different DL system bandwidth configurations
3. Impact of Bigger Edge Subbands Granularity to System Performance
In this section we show that the proposed scheme would have little impact to the system performance through system simulations. PUSCH 3-0 mode at single Tx antenna port 0 and two Rx antennas is simulated. The DL system bandwidth simulated is 10MHz where there are 9 subbands by current definition in [1] Section 7.2.1 vs. 8 subbands by the proposed scheme. Then with the proposed scheme 2 reporting bits per UE are saved. The detailed assumptions and parameters are provided in Annex A. 
The results provided in Table 2 show that the differences of our proposed scheme are only within 0.5% range compared with current definition in [1] Section 7.2.1. And the UE throughput distribution curves in Figure 2 overlap each other.
Table 2 – Performance comparison of current vs. proposed schemes
	PUSCH 3-0 mode
	Average user throughput (kbps)
	Average sector throughput ( kbps )
	5%-tile of the UE throughput distribution in kbps
	Normalized 5%-tile of the user throughput distribution

	8 subbands
	1356
	13557
	368
	0.272

	9 subbands
	1362
	13616
	370
	0.272
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Figure 2 – The distribution of the UE throughput of current and proposed schemes
4. Conclusion

As reducing UL reporting overhead is important in terms of maximizing cell coverage, in this contribution we proposed a scheme which minimizes the UL overhead for PUSCH mode 1-2, 3-0 and 3-1. By splitting the fractional subband into pieces of leftover RBs and merging them into the edge subbands, the number of subbands for which UE at PUSCH mode has to report CQI/PMI is reduced by 1. Hence up to 4 bits per UE can be saved by the proposed scheme. And the proposed scheme will have no impact on scheduler design or resource allocation. 
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ANNEX A – System Simulation Assumptions
	LTE case
	1

	Simulation time
	3 drops with 10s @ each drop

	DL system bandwidth
	FDD 10MHz

	System carrier frequency
	2GHz

	Subcarrier spacing
	15KHz

	# Data subcarriers
	600

	# Resource blocks
	50

	#OFDM symbols for CCH per subframe
	3

	#OFDM symbols for data per subframe
	11

	CQI feedback period 
	5ms

	Scheduler
	PF with fairness coefficient 0.9992167 and delay coefficient 0.75

	Maximum users scheduled per subframe
	10

	Channel estimation
	Non-ideal (1dB standard deviation of SIR measurement error)

	Link mapping
	CCH error free, EESM for data

	HARQ
	IR with N=6 stop-and-wait

	Radio network models

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

	Inter-site distance
	500m

	Wrap around
	yes

	Lognormal shadowing standard deviation
	8dB

	Correlation distance of shadowing
	50m

	Shadowing correlation between cells
	0.5

	Distance-dependant pathloss
	L=128.1+37.6log10(R), R in kilometers at 2GHz

	Channel model
	GSM TU 6 rays for 1x2 RxDiv
SCM Channel model based on TS25.996 Table 5.1 and Fig 5.2 for 2x2 SU MIMO

	Transceiver characteristics

	BS noise figure
	5dB

	Total BS Tx power
	46dBm @ 10MHz

	BS antenna height
	32m

	BS antenna gain
	14dBi

	BS antenna pattern(horizontal)
	3dB Beamwidth 70 degrees
Backlobe attenuation 20dB

	UE noise figure
	9dB

	Total UE Tx power
	23dBm

	UE antenna gain
	0dBi

	Antenna separation
	Tx 10λ, Rx 0.5 λ

	System traffic model

	# UEs
	570 (10 per sector) uniformly positioned

	UE velocity
	3kmph

	Traffic model
	Full buffer
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