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1. Introduction
At the WG1#43 meeting, two suggestions were made (although the corresponding contributions were not presented) for the sub-band (chunk) size; one for 555 KHz and the other for 375 KHz [1, 2]. Although the two suggested chunk sizes are close in value, some minor differences exist. 

· For 555 KHz, the number of chunks is a power of 2 for all bandwidths, allowing for more efficient downlink control signaling (1 less bit of raw information per chunk assignment).  

· With the current assumption of the useful occupied bandwidth being 90% of the total, the 555 KHz option leaves unused about 1.3% of this bandwidth while the 375 KHz option uses all of it.

· The 375 KHz option may somewhat better support small packet allocations.

Both chunk size options have the drawback of unequal number of pilot sub-carriers between consecutive chunks. For example, for a TDM pilot, the 375 KHz option results in 13 pilot sub-carriers in odd chunks and 12 pilot sub-carriers in even chunks (or the reverse, depending on the pilot structure). This may create scheduling issues particularly for the two smaller operating bandwidths (1.25 and 2.5 MHz). The CQI estimation quality is therefore not exactly the same among different chunks. The pilot structure could be changed to achieve same pilot sub-carriers per chunk but it will no longer be uniform. Moreover, as the number of data sub-carriers also differs among chunks, albeit by just one sub-carrier, the puncturing or repetition pattern will also be slightly different and depend on the selected chunk.
This contribution examines the E-UTRA downlink throughput as a function of both the CQI estimation error and the chunk size. It has been extensively shown that the downlink throughput gains through frequency scheduling increase as the chunk size decreases, as expected. The majority of those results however do not consider the impact of the larger downlink control overhead associated with the smaller chunk size. Moreover, the CQI accuracy in each chunk critically affects the achievable throughput and has not yet been considered. The smaller the chunk size, the smaller the number of pilot tones available for CQI estimation and the larger the corresponding estimation error.

The CQI estimation accuracy is first obtained as a function of the chunk size and SINR through link simulations and it is then mapped to system simulations to evaluate the downlink throughput.  
The remaining of the contribution is as follows. Section 2 presents the CQI estimation accuracy. Section 3 presents the downlink throughput evaluation incorporating the mapping of CQI estimation errors. Finally, Section 4 presents the conclusions of this contribution.         
2. CQI Estimation Accuracy
The simulation assumptions are given in Table 1. The CQI is estimated as the SINR per chunk with the noise variance assumed little changed in time and thus perfectly estimated. The SINR is computed based on the pilot sub-carriers in each chunk after the channel estimate is applied to the received signal. One transmitter antenna and two receiver antennas are assumed. For more than one transmitter antennas, the sensitivity to the CQI estimate will be larger than identified in this contribution as the pilot power per antenna will be the same or smaller and CQI estimation errors will impact multiple transmit streams.  
	Parameter
	Assumption

	Bandwidth
	5 MHz (2.6 GHz)

	Channel Model
	TU6, various UE speeds

	Antenna Configuration
	1 at Transmitter, 2 at Receiver

	Channel Estimation
	Time Interpolation/Averaging
	Linear – Doppler dependent coefficients

	
	Frequency Interpolation
	Least Squares

	Pilot Overhead
	7.14%

	Buffering for Channel Estimation
	Current and Preceding TTIs

	Noise Variance Estimation
	Ideal


Table 1: Simulation Assumptions for CQI Estimation Accuracy.
The SINR estimation error has been evaluated for the 450 KHz chunk size, the 375 KHz chunk size and multiples of 2, 4, and 12 (1 chunk). For low UE speeds, averaging over multiple TTIs can be used to improve the accuracy. However, since only an approximate Doppler estimate is available, this averaging cannot be fine tuned. In the evaluation, averaging over 3 TTIs was found useful for speeds below 20 Kmph, while for larger speeds no averaging is preferable, especially for the higher SINRs.
Figures 1 and 2 show the SINR estimation error as a function of the actual chunk SINR with 3 TTIs averaging and no averaging (results do not depend on UE speed) for various chunk sizes and UE speeds.
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Figure 1: SINR Estimation Error versus Chunk Size at 3 and 10 Kmph. 3 TTIs Averaging.
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Figure 2: SINR Estimation Error versus Chunk Size. 3 TTIs Averaging (30 Kmph) and no Averaging.
3. Downlink Throughput Evaluation
The SINR estimation error is incorporated into the system level simulations to determine the resulting throughput for each of the possible chunk size choices. The SINR error is modeled with a zero mean Gaussian distribution whose standard deviation is given by the error value obtained through the link level simulations for each chunk size, actual chunk SINR, and UE speed. The mapping is therefore specific to the configuration and the CQI error does not have one single value. 

The agreed numerology in [3] is applied. Additional simulation assumptions are given in Table 2. The exponential effective SIR mapping in [4] was applied to map the channel conditions to an effective SINR that can be used to determine the expected BLER from the link level AWGN curves. The system simulation parameters for the macro-cell deployment were the ones given in Table 2 of [5] which are also stated in Table 3 for ease of reference. 

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Site-to-site distance
	1 Km

	Channel Model
	Typical Urban, 6 paths, various speeds

	Modulation scheme

and

Channel coding rate
	QPSK (R = 1/4, 1/2, 3/4),

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

64QAM (R = 5/8, 3/4)

	CQI Reporting delay
	1.0 msec (2 TTIs)

	CQI Measurement Errors
	Gaussian Distributed (as described in 1st paragraph)

	Scheduling algorithm
	Proportional Fair

	Target BLER
	10%

	Round trip delay in hybrid ARQ
	3.0 msec (6 TTI)

	Packet combining method in hybrid ARQ
	Chase combining

	Maximum Number of Retransmissions
	2

	Number of antennas
	1 transmitter, 2 receiver

	Pilot Overhead
	7.14%

	Traffic model
	Full queue traffic


Table 2: Simulation Assumptions for Throughput Evaluation

	Parameter
	Assumption

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

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Total BS Tx power
	43 dBm for 5 MHz, 46 dBm for 10 MHz

	Distance dependent path loss
	128.1 + 37.6log10(r)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0


Table 3: System Simulation Parameters for Macro-Cell Deployment 
The downlink throughput is evaluated for three exemplary UE speeds, 3, 10 and 30 Kmph. At 3 and 10 Kmph, the SINR estimation is based on averaging over 3 TTIs while at 30 Kmph no averaging is used. In this manner, the SINR estimation error is minimized as suggested by the link level simulation results in the previous section. As the examined UE speeds are low enough for the scheduler to be able to track the channel (2 TTIs scheduling delay was assumed), localized scheduling was applied in all cases.  
The average sector throughput as a function of the frequency chunk size for the examined UE speeds is shown in Figures 3, 4 and 5 (the throughput without SINR errors is also shown for reference). The results account for a 7.14% pilot overhead but do not include any control overhead.
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Figure 3: Average Sector Throughput for Various Chunk Sizes at 3 Kmph with and without CQI Errors.
[image: image7.png]Sector Throughput (Mbps)

Sector Throughput with CQI Errors. 5 MHz, 1.0 Km Site-to-Site Distance, TU§, 10 Kmph.

95

T T
-©~ Chunk Size = 4500 KHz
=4~ Chunk Size = 1500 KHz
== Chunk Size = 750 KHz
== Chunk Size = 450 KHz
-8~ Chunk Size =375 KHz ||

15

20 25 30 35 40
UEs per Sector



   [image: image8.png]Sector Throughput (Mbps)

12

Sector Throughput without CQI Errors. 5 MHz, 1.0 Km Site-to-Site Distance, TU6, 10 Kmph.

11

105

-©~ Chunk Size = 4500 KHz
=&~ Chunk Size = 1500 KHz
=¥~ Chunk Size = 750 KHz
== Chunk Size = 450 KHz
=8~ Chunk Size =375 KHz

25
UEs per Sector

20

35

40




Figure 4: Average Sector Throughput for Various Chunk Sizes at 10 Kmph with and without CQI Errors.
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Figure 5: Average Sector Throughput for Various Chunk Sizes at 30 Kmph with and without CQI Errors.

The sensitivity of the scheduling effectiveness on the SINR error is larger than for HSDPA due to the multiple frequency chunks but the SINR error is smaller due to orthogonality. SINR errors above 0.5 dB cause substantial throughput loss. However, the Proportional fair scheduling in conjunction with the availability of multiple chunks typically results in UEs experiencing SINRs above 0 dB in the allocated chunk. However, SINR errors for actual SINRs between 0 dB and 6 dB still have an impact for the smaller chunk sizes and are the primary source of throughput degradation.

Without even considering the larger downlink control overhead associated with the scheduling of the smaller chunk sizes (a preliminary attempt was made in [6]), the presumed throughput gains from frequency scheduling with smaller chunks do not always materialize if the SINR estimation error is considered. For pedestrian applications, the smallest chunk size of 375 KHz still provides the largest throughput and the losses from SINR estimation errors are very small. The 450 KHz or the 750 KHz chunk becomes a better and more robust choice for non-pedestrian applications (UE speeds around 10 Kmph and above). This trend is expected to be reinforced with MIMO and become apparent even for pedestrian applications as the CQI error for each antenna will be larger due to the correspondingly reduced pilot power per antenna.
Although the 555 KHz option has not been explicitly evaluated, the corresponding throughput performance will naturally be between the ones for 450 KHz and 750 KHz and closer to the 450 KHz one. Also, for 555 KHz chunk size, the occupied bandwidth is 98.67% relative to the one with the previous chunk size options and the throughput needs to be scaled accordingly. However, the number of chunks for each operating bandwidth is a power of 2 and therefore the associated shared control channel scheduling overhead will also be marginally smaller.  

Based on the previous results and considering the control overhead, it becomes apparent that the 555 KHz choice for the chunk size is a better option than the 375 KHz one in terms of achievable throughput. However, as discussed in the introduction, the 375 KHz option allows for better accommodation of small packet allocations and fully utilizes the occupied bandwidth. 
One possible solution is to have the 375 KHz as the minimum chunk size option for small packets and apply aggregation of 2 consecutive chunks in the scheduling of larger packets. 

Another alternative is to revisit the existing numerology and find one that allows a more effective selection of the downlink scheduling parameters. For example, the choice of 15 KHz sub-carrier spacing based on the constraint of supporting 64QAM at 350 Kmph and 2.6 GHz carrier frequency may be somewhat relaxed. It is a rather simple exercise to find a base chunk size small enough to accommodate the smallest possible packet allocations and with its aggregate of two consecutive chunks being large enough to nearly optimize throughput at all UE speeds. This while providing full utilization of the useful occupied bandwidth, the same number of pilot sub-carriers per chunk with a uniform pilot structure, and a number of chunks that is a power of 2 for each operating bandwidth. 
4. Summary and Conclusions
This contribution evaluated the SINR estimation error as a function of the UE speed, the UE geometry, and the chunk size. It is shown that OFDMA can provide accurate SINR estimates even at low geometries. The impact of the SINR estimation error for the selected chunk size on the average sector throughput was also evaluated for various chunk size selections. It is shown that:

· For low UE speeds (< 20 Kmph), averaging over the current and previous TTIs can be applied to improve the SINR estimates. The smallest chunk size of 375 KHz or the immediately next one of 450 KHz still offers the largest throughput. However, the difference from a larger chunk size of 750 KHz is small and may actually reverse once the associated downlink chunk scheduling overhead is considered.

· At medium and large UE speeds for which localized scheduling is still preferable, averaging cannot be applied, and the SINR estimation error exhibits a rather significant increase for the smaller chunk sizes. The consequence is that the smallest chunk size no longer provides the largest throughput which is effectively achieved by either 450 KHz or 750 KHz.     

Based on the impact of SINR estimation errors on the achievable throughput, the larger scheduling overhead required for smaller chunk sizes, and the requirements of maintaining a small chunk size to efficiently accommodate small packet allocations, the following may tentatively apply regarding the chunk size selection
· Specify 375 KHz as the chunk size granularity (to allow better support of small packet load UEs)
· Use aggregation of two consecutive chunks in scheduling large packet load UEs (effective chunk size of 750 KHz).
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