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1. Introduction
The SI of latency reduction was approved in RAN#67 [1]. According to the SID, as first aspect, potential gains like reduced response time and improved TCP throughput due to latency improvements on typical applications and use cases are identified and documented. 
In last RAN2 meeting, the initial analysis on TTI shortening was discussed in [4], and it was proposed that L1 overhead should be considered in the evolution based on the various percentage, and not the detailed L1 module. The related suggestions are given as below.
=>
Clarify the percentage overhead that was assumed in these simulations for the different TTI durations. 

=>
Postponed. Updated results can be considered in the next meeting

=>
In our evaluations we should consider various loss in L1 data rate due to reduced TTI length (e.g. 10%, 20%; 30%; 50%)

=>
We assume that the UE and eNB processing time (HARQ RTT) scales with the TTI duration. 

According to the suggestions, in this contribution, we provide the updated results on the analysis on both TTI shortening and fast UL access for FTP downloading application based on [4].
2. Discussion
2.1. Evaluation aspects

For the service transmission, the whole latency includes backhaul latency (the transmission delay between  eNB and application server) and RAN latency. Although the SI is only intended to shorten RAN latency, when we analysis the performance of RAN latency reduction, the impact of backhaul latency should not be neglected, and backhaul delay should be considered as an evaluation factor.

For FTP download application, since the improvement on the file download time brought by latency reduction would mainly on the TCP slow start phase, the improvement would be different and depend on the proportion of TCP slow start phase in the whole file download time. Hence, the downloaded file size should be considered as an evaluation factor. Besides the file size, the throughput in Uu interface  provided to UE (i.e. MCS, PRBs) also brings the impact on the benefit brought in the TCP slow start phase. Hence, the Uu throughput should also be considered as an evaluation factor. 
As discussed in last meeting, we should also take the L1 control and RS overhead into account.

For RAN latency, it includes data transmission time (i.e. TTI), RTT, and UL access latency (in UL direction, means the period from UL data arrival in UE to data transmission based on the receiving UL grant). Currently, TTI is 1ms, RTT is 8TTI (i.e. 8ms for FDD), UL access latency is about 14.5ms (in D-SR case).  To reduce the latency further, for TTI, the smaller granularity should be evaluated, 1 OFDM symbol , 3 OFDM symbol and 7 OFDM symbols; for extra UL latency, two existing solutions, i.e.short D-SR and pre-allocation, with shorter UL latency are evaluated. 

Proposal 1: For latency reduction, following factors should be considered in performance evaluation:

· Backhaul latency;

· FTP download file size;

· Throughput in Uu interface;

· TTI length;
· L1 overhead;
· UL access latency. 

2.2. Evaluation assumptions
The evaluation assumptions are given as below:

· FTP download application is used in evaluation, and Downloading Response Time (DRT, sec) is regarded as the metric of performance evaluation. Wherein, DRT includes the time period from UE requesting FTP service to finishing downloading successfully;
· Evaluation is based on single UE system with specific block error rate at air interface (i.e. 10% initial BLER);

· Simulation parameters in Uu interface are given in Annex 5.1. 
· For backward compatibility, we assume at least half of bandwidth should reserved for legacy UEs;

· To evaluate the impact on various backhaul delay, FTP file size and UL access, we considers the sufficient resource allocation with 50 PRBs and assumes the good channel quality with MCS 20;
· To evaluate the impact on the various Uu throughput, we also consider the limited resource allocation with 10 PRBs and assumes middle channel quality with MCS 12.

· L1 overhead (i.e. L1 control channel and RS) is considered as 10%, 20%, 30% and 50%, which is reflected into the TBS calculation. To unify the TBS calculation, we also use the same TBS calculation for the base line case (i.e. 1ms TTI), and the 20% L1 overhead is assumed. The detail on TBS calculation is given in Annex 5.2.
· L2 overhead is not taken into account.
2.3. Performance of TTI shortening

2.3.1 Various backhaul latency
Assuming FTP file size 100KByte, Table-1 and Figure-1 give the improvement of each TTI length for various backhaul latency, with taking various L1 overhead (L1_OH) into account.

Table-1
Various backhaul latency
	TTI length (in OFDM symbol number)
	L1_OH
	
	AppServer <-> eNB latency

	
	
	
	0ms
	5ms
	10ms
	20ms
	30ms
	50ms

	14 symbol (baseline)
	20%
(baseline)
	DRT
	0.183
	0.263
	0.342
	0.500
	0.660
	0.977

	7 symbol
	10%
	DRT
	0.097
	0.171
	0.251
	0.410
	0.571
	0.891

	
	
	Gain
	46.99%
	34.98%
	26.61%
	18.00%
	13.48%
	8.80%

	
	20%
	DRT
	0.102
	0.176
	0.255
	0.413
	0.574
	0.894

	
	
	Gain
	44.26%
	33.08%
	25.44%
	17.40%
	13.03%
	8.50%

	
	30%
	DRT
	0.105
	0.177
	0.256
	0.414
	0.574
	0.895

	
	
	Gain
	42.62%
	32.70%
	25.15%
	17.20%
	13.03%
	8.39%

	
	50%
	DRT
	0.120
	0.186
	0.258
	0.416
	0.577
	0.896

	
	
	Gain
	34.43%
	29.28%
	24.56%
	16.80%
	12.58%
	8.29%

	3 symbol
	10%
	DRT
	0.058
	0.124
	0.203
	0.363
	0.523
	0.842

	
	
	Gain
	68.31%
	52.85%
	40.64%
	27.40%
	20.76%
	13.82%

	
	20%
	DRT
	0.062
	0.127
	0.203
	0.363
	0.524
	0.843

	
	
	Gain
	66.12%
	51.71%
	40.64%
	27.40%
	20.61%
	13.72%

	
	30%
	DRT
	0.067
	0.130
	0.203
	0.364
	0.524
	0.843

	
	
	Gain
	63.39%
	50.57%
	40.64%
	27.20%
	20.61%
	13.72%

	
	50%
	DRT
	0.085
	0.143
	0.213
	0.368
	0.529
	0.848

	
	
	Gain
	53.55%
	45.63%
	37.72%
	26.40%
	19.85%
	13.20%

	1 symbol
	10%
	DRT
	0.042
	0.103
	0.179
	0.339
	0.498
	0.818

	
	
	Gain
	77.05%
	60.84%
	47.66%
	32.20%
	24.55%
	16.27%

	
	20%
	DRT
	0.047
	0.106
	0.179
	0.340
	0.499
	0.819

	
	
	Gain
	74.32%
	59.70%
	47.66%
	32.00%
	24.39%
	16.17%

	
	30%
	DRT
	0.052
	0.110
	0.180
	0.340
	0.500
	0.820

	
	
	Gain
	71.58%
	58.17%
	47.37%
	32.00%
	24.24%
	16.07%

	
	50%
	DRT
	0.071
	0.124
	0.192
	0.344
	0.503
	0.823

	
	
	Gain
	61.20%
	52.85%
	43.86%
	31.20%
	23.79%
	15.76%

	
	Note:
1) DRT (sec) is the statistic metric, means downloading response time;
2) The gain is calculated by (1-DRT/Baseline_DRT), where, >0 means improvement, <0 means performance loss;
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Figure-1
Gain for various backhaul latency
From Table-1, it can be seen that with the backhaul delay increasing the DRT difference of different TTI length is decreasing, and in case of backhaul delay 50ms, we can regard there is no much difference of different TTI length. And we think the reason is that TTI shortening only brings the improvement on Uu transmission, and the benefit is negligible compare to the long backhaul delay.
Observation 1: The longer the backhaul latency, the less the gain on DRT brought by shorter TTI. 
2.3.2 Various FTP file size

Assuming backhaul delay 5ms, Table-2 and Figure-2 gives the improvement of each TTI length for various FTP file size.

Table-2
Various file size
	TTI length (in OFDM symbol number)
	L1_OH
	
	FTP File Size (Byte)

	
	
	
	10K
	100K
	1M
	2M
	5M

	14 symbol (baseline)
	20%
	DRT
	0.157
	0.263
	0.634
	1.036
	2.263

	7 symbol
	10%
	DRT
	0.104
	0.171
	0.498
	0.863
	1.954

	
	
	Gain
	33.76%
	34.98%
	21.45%
	16.70%
	13.65%

	
	20%
	DRT
	0.106
	0.176
	0.540
	0.954
	2.178

	
	
	Gain
	32.48%
	33.08%
	14.83%
	7.92%
	3.76%

	
	30%
	DRT
	0.107
	0.177
	0.596
	1.062
	2.464

	
	
	Gain
	31.85%
	32.70%
	5.99%
	-2.51%
	-8.88%

	
	50%
	DRT
	0.107
	0.186
	0.774
	1.428
	3.381

	
	
	Gain
	31.85%
	29.28%
	-22.08%
	-37.84%
	-49.40%

	3 symbol
	10%
	DRT
	0.074
	0.124
	0.450
	0.813
	1.905

	
	
	Gain
	52.87%
	52.85%
	29.02%
	21.53%
	15.82%

	
	20%
	DRT
	0.074
	0.127
	0.494
	0.902
	2.129

	
	
	Gain
	52.87%
	51.71%
	22.08%
	12.93%
	5.92%

	
	30%
	DRT
	0.074
	0.130
	0.551
	1.016
	2.417

	
	
	Gain
	52.87%
	50.57%
	13.09%
	1.93%
	-6.81%

	
	50%
	DRT
	0.075
	0.143
	0.731
	1.384
	3.342

	
	
	Gain
	52.23%
	45.63%
	-15.30%
	-33.59%
	-47.68%

	1 symbol
	10%
	DRT
	0.059
	0.103
	0.430
	0.793
	1.883

	
	
	Gain
	62.42%
	60.84%
	32.18%
	23.46%
	16.79%

	
	20%
	DRT
	0.059
	0.106
	0.474
	0.882
	2.108

	
	
	Gain
	62.42%
	59.70%
	25.24%
	14.86%
	6.85%

	
	30%
	DRT
	0.060
	0.110
	0.529
	0.997
	2.396

	
	
	Gain
	61.78%
	58.17%
	16.56%
	3.76%
	-5.88%

	
	50%
	DRT
	0.060
	0.124
	0.712
	1.366
	3.323

	
	
	Gain
	61.78%
	52.85%
	-12.30%
	-31.85%
	-46.84%
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Figure-2
Gain for various file size

From Table-2, it can be seen that the gain becomes smaller even negative with the larger file size and higher L1 overhead: for 10Kbyte and 100Kbyte file size, there is significant gain with shorter TTI, and better in 10KB than in 100KB; however, with larger file size, the gain is decreased and even to negative due to higher L1 overhead. We think main factors which lead to the performance decrease are list as below:
1) The throughput in Uu interface is significantly affected by physical control channel and RS overhead, especially for larger files, and lack of Uu capacity leads to longer latency in RAN side;
2) The latency reduction mainly speeds the TCP slow start phase. With file size increasing, the total download time is increasing, and the ratio of  TCP slow start phase in entire download period would be smaller.
Observation 2: For FTP download application, the smaller the download file size, the less (even negative) the gain on DRT brought by shorter TTI.

Observation 3: With the same TTI length, the higher the L1 overhead, the less  (even negative) the gain on DRT. 
2.3.3 Various Uu throughput
Assuming backhaul delay 5ms and FTP file size 100KByte, Table-3 gives the improvement of each TTI length for different Uu throughput.
Table-3
Various air interface condition
	TTI length (in OFDM symbol number)
	L1_OH
	
	Uu Rate =
27.907Mbps
	Uu Rate =
2.848Mbps

	
	
	
	MCS=20
PRB_Num=50
	MCS=12
PRB_Num=10

	14 symbol (baseline)
	20%
	DRT
	0.263
	0.536

	7 symbol
	10%
	DRT
	0.171
	0.438

	
	
	Gain
	34.98%
	18.28%

	
	20%
	DRT
	0.176
	0.479

	
	
	Gain
	33.08%
	10.63%

	
	30%
	DRT
	0.177
	0.536

	
	
	Gain
	32.70%
	0.00%

	
	50%
	DRT
	0.186
	0.713

	
	
	Gain
	29.28%
	-33.02%

	3 symbol
	10%
	DRT
	0.124
	0.409

	
	
	Gain
	52.85%
	23.69%

	
	20%
	DRT
	0.127
	0.453

	
	
	Gain
	51.71%
	15.49%

	
	30%
	DRT
	0.13
	0.509

	
	
	Gain
	50.57%
	5.04%

	
	50%
	DRT
	0.143
	0.69

	
	
	Gain
	45.63%
	-28.73%

	1 symbol
	10%
	DRT
	0.103
	0.397

	
	
	Gain
	60.84%
	25.93%

	
	20%
	DRT
	0.106
	0.44

	
	
	Gain
	59.70%
	17.91%

	
	30%
	DRT
	0.11
	0.497

	
	
	Gain
	58.17%
	7.28%

	
	50%
	DRT
	0.124
	0.676

	
	
	Gain
	52.85%
	-26.12%
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Figure-3
Various Uu Throughput
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Figure-4
Various Uu Throughput
From Table-3 and Figure-3, it can be seen that the gain on DRT brought by shorter TTI is less when the provided Uu throughput is smaller; and in case of L1 overhead 50% and 1 symbol TTI, there is negative gain in case of Uu throughput 2.848Mbps. We think that the main reason is that the smaller Uu throughput brings the bottleneck for FTP downloading.
Observation 4: The smaller the Uu throughput, the less the gain on DRT brought by shorter TTI. 
Considering the network backward compatibility, for a cell, since the network resource is shared for legacy TTI and for shorten TTI, reserving more PRBs for shorten TTI would lead to the less resource for legacy TTI, which would bring bad impact on the throughput on legacy UEs. In addition, since there are many UEs in one cell, allocating resource with 50 PRBs to a UE in every TTI can bring the low latency to that UE, but the UE number supported in that cell would be dramatically decreased. Hence, it is not reasonable to allocate resource with 50 PRBs to each UE each TTI. Comparing to that, the resource allocation with 10 PRB is more reasonable. 
From Figure-4, it can be seen that in case of smaller Uu throughput, considering the same L1 overhead, there are not so much difference on the gain for each shorter TTI (i.e. 10.63% Vs. 15.49% Vs. 17.91%). In addition, Since the existence of RS signal and L1 control channel are inevitable for efficient data transmission,  the shorter TTI would bring more L1 overhead, when we compare the gain of each TTI length, it is not appropriate to compare the gain of the same L1 overhead in different TTI length. For example, when evaluating the gain brought by 7 symbol and 3 symbol TTI length, it is more reasonable to compare the gain in (7 symbols, 20% L1 overhead) and in (3 symbols, at least 30% L1 overhead), 10.63% Vs. 5.04%, and 7 symbol TTI length is a little better than 3 symbol TTI length.
Observation 5: When evaluating and comparing the gain of different TTI length, it is reasonable to  assume shorter TTI length leads to more L1 overhead.
Proposal 2：The performance of different TTI length shall be compared with reasonable assumption of L1 overhead for each TTI length case, where the actual L1 overhead for each TTI length shall be discussed and decided by RAN1. 
Observation 6: In case of small Uu throughput, the gain brought by 20% L1 overhead and 7 symbols TTI is more than by 30% L1 overhead and 3 symbols TTI.
2.4. Fast UL access
UL access latency also brings impact on downloading performance, i.e. TCP ACK will feedback slowly if UL access latency is too big, which would impact the TCP transmission window increasing.
In Rel-10, 3GPP already discussed the latency reduction topic and at least the short D-SR and Pre-allocation solutions were supported by standardization or implementation, here we evaluated the performance gain with different UL access means, and also with different TTI length.

Assuming download file size 100KByte and backhaul delay 5ms, Table-4 gives the improvement of each TTI length for various UL access solutions.

Normally, we assume that the UL access latency is stated in following tables:
Baseline UL Latency component
	Component
	Description
	Time

	1
	Average waiting time for PUCCH (5 TTI SR period)
	2.5 * TTI

	2
	UE sends Scheduling Request (SR) on PUCCH
	1 * TTI

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3 * TTI

	4
	Transmission of Scheduling Grant
	1 * TTI

	5
	UE Processing Delay (decoding of grant + L1 encoding of UL data)
	3 * TTI

	6
	Transmission of UL data
	1 * TTI

	7
	Data decoding and processing in eNodeB
	3 * TTI

	8
	Backhaul(CN/Internet) transmission (to App server)
	5ms

	Total
	
	14.5TTI+5ms


Short D-SR UL Latency component
	Component
	Description
	Time

	1
	Average waiting time for PUCCH (1 TTI SR period)
	0.5 * TTI

	2
	UE sends Scheduling Request (SR) on PUCCH
	1 * TTI

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3 * TTI

	4
	Transmission of Scheduling Grant
	1 * TTI

	5
	UE Processing Delay (decoding of grant + L1 encoding of UL data)
	3 * TTI

	6
	Transmission of UL data
	1 * TTI

	7
	Data decoding and processing in eNodeB
	3 * TTI

	8
	Backhaul(CN/Internet) transmission (to App server)
	5ms

	Total
	
	12.5TTI+5ms


Pre-allocation UL Latency component
	Component
	Description
	Time

	1
	Average waiting time for PDCCH 
	0.5 * TTI

	2
	UE reads Resource Blocks on PDCCH
	1 * TTI

	3
	UE Processing Delay (decoding of grant + L1 encoding of UL data)
	3 * TTI

	4
	Transmission of UL data
	1 * TTI

	5
	Data decoding and processing in eNodeB
	3 * TTI

	6
	Backhaul(CN/Internet) transmission (to App server)
	5ms

	Total
	
	8.5TTI+5ms


Performance

Table-4
Various UL latency
	UL Access
	
	TTI Length (in OFDM symbol number)

	
	
	14 symbol
	7 symbol
	3 symbol
	1 symbol

	Baseline
	DRT 
	0.263
	0.176
	0.127
	0.106

	Short D-SR
	DRT
	0.244
	0.168
	0.124
	0.105

	
	gain
	7.22%
	4.55%
	2.36%
	0.94%

	Pre-allocation
	DRT
	0.219
	0.155
	0.119
	0.103

	
	gain
	16.73%
	11.93%
	6.30%
	2.83%
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Figure-7
Gain for various UL access solutions
From Table-4, it can be seen that the shorter the UL access latency is, the more the gain is; the shorter the TTI is, the less the gain is. We think the reason is that faster TCP ACK feedback in uplink direction will speed up the TCP slow start, which will make the downloading time decreasing. On the other hand, shorter TTI has already speed up the UL access, so with shorter TTI, we can’t see an obvious gain using fast UL access solutions as we see in normal TTI length.
Observation 7: With the same TTI length, the shorter the UL access latency is, the shorter the DRT.
Observation 8: With TTI Shortening, the performance gain brought by fast UL access decreased.
3. Conclusion
According to the analysis in section 2, the following observations are obtained：
Observation 1: The longer the backhaul latency, the less the gain on DRT brought by shorter TTI. 

Observation 2: For FTP download application, the smaller the download file size, the less (even negative) the gain on DRT brought by shorter TTI.

Observation 3: With the same TTI length, the higher the L1 overhead, the less  (even negative) the gain on DRT. 
Observation 4: The smaller the Uu throughput, the less the gain on DRT brought by shorter TTI.
Observation 5: When evaluating and comparing the gain of different TTI length, it is reasonable to  assume shorter TTI length leads to more L1 overhead.
Observation 6: In case of small Uu throughput, the gain brought by 20% L1 overhead and 7 symbols TTI is more than by 30% L1 overhead and 3 symbols TTI.
Observation 7: With the same TTI length, the shorter the UL access latency is, the shorter the DRT.

Observation 8: With TTI Shortening, the performance gain brought by fast UL access decreased.

Based on these observations, it is proposed:

Proposal 1: For latency reduction, following factors should be considered in performance evaluation:

· Backhaul latency;

· FTP download file size;

· Throughput in Uu interface;

· TTI length;
· L1 overhead;
· UL access latency. 

Proposal 2: The performance of different TTI length shall be compared with reasonable assumption of L1 overhead for each TTI length case, where the actual L1 overhead for each TTI length shall be discussed and decided by RAN1. 
Proposal 3: Capture the above observations in TR.
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5. Annex

5.1. Simulation parameters
To  all the evaluation:
	Parameters
	Assumptions

	APP Server <--> eNB delay (ms)
	0, 5, 10, 20, 30, 50

	FTP File Size
	10KByte, 100KByte, 1MByte, 2MByte, 5MByte

	TTI Duration
	1ms (as baseline)

	Available PRB number for LR UE
	50 (for 20MHz BW)

	Target Packet Error Rate
	0.1

	Max Transmission times
	4

	HARQ RTT
	8*TTI


To evaluate the impact on various Uu throughput:

	Parameters
	Assumptions

	APP Server <--> eNB delay (ms)
	5

	FTP File Size
	100KByte

	TTI Duration
	1ms (as baseline)

	Available PRB number for LR UE
	10

	Target Packet Error Rate
	0.1

	Max Transmission times
	4

	HARQ RTT
	8*TTI


5.2. Baseline L1 overhead calculation
We assume 20% L1 overhead for baseline case, which is calculated as following:

· TTI = 14 OFDM symbol
· control overhead: 2 PDCCH OFDM symbols (24 REs)
· RS Overhead: 2 CRS antenna ports (additional 12 REs)

Total number of REs per PRB: 14*12 = 168

Overhead: 36/168 ≈ 21%
5.3. TBS calculation
In this paper, TBS is calculated by following formula based on efficiency in table below [5].

· TBS = PRB_Num * RE_per_PRB * efficiency * L1_Overhead
Where, 
· PRB_Num is available PRB number we set in simulation;

· RE_per_PRB is the total RE number in a PRB, e.g., for 14 OFDM Symbol TTI, RE_per_PRB is 12*14 = 168, and for 7 OFDM symbol TTI, RE_per_PRB is 12*7 = 84;
· Efficiency is for calculating the TBS table in TS 36.213, and efficiency = code rate * modulation level;
· L1_Overhead denotes the L1 signaling and RS overhead.

Note: here we didn’t consider the CRC impact.

	MCS Index
	modulation
	coding rate x 1024
	efficiency
	Comments
	Code Rate

	0
	2
	120
	0.2344
	from CQI table
	0.1171875

	1
	2
	157
	0.3057
	Average Efficiency
	0.15332031

	2
	2
	193
	0.377
	from CQI table
	0.18847656

	3
	2
	251
	0.4893
	Average Efficiency
	0.24511719

	4
	2
	308
	0.6016
	from CQI table
	0.30078125

	5
	2
	379
	0.7393
	Average Efficiency
	0.37011719

	6
	2
	449
	0.877
	from CQI table
	0.43847656

	7
	2
	526
	1.0264
	Average Efficiency
	0.51367188

	8
	2
	602
	1.1758
	from CQI table
	0.58789063

	9
	2
	679
	1.3262
	Average Efficiency
	0.66308594

	10
	4
	340
	1.3262
	overlap
	0.33203125

	11
	4
	378
	1.4766
	from CQI table
	0.36914063

	12
	4
	434
	1.69535
	Average Efficiency
	0.42382813

	13
	4
	490
	1.9141
	from CQI table
	0.47851563

	14
	4
	553
	2.1602
	Average Efficiency
	0.54003906

	15
	4
	616
	2.4063
	from CQI table
	0.6015625

	16
	4
	658
	2.5684
	Average Efficiency
	0.64257813

	17
	6
	438
	2.5684
	overlap
	0.42773438

	18
	6
	466
	2.7305
	from CQI table
	0.45507813

	19
	6
	517
	3.0264
	Average Efficiency
	0.50488281

	20
	6
	567
	3.3223
	from CQI table
	0.55371094

	21
	6
	616
	3.6123
	Average Efficiency
	0.6015625

	22
	6
	666
	3.9023
	from CQI table
	0.65039063

	23
	6
	719
	4.21285
	Average Efficiency
	0.70214844

	24
	6
	772
	4.5234
	from CQI table
	0.75390625

	25
	6
	822
	4.8193
	Average Efficiency
	0.80273438

	26
	6
	873
	5.1152
	from CQI table
	0.85253906

	27
	6
	910
	5.33495
	Average Efficiency
	0.88867188

	28
	6
	948
	5.5547
	from CQI table
	0.92578125
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