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1. Introduction
The framework for the verification of the downlink sustained data rates was agreed in [1]. Some aspects regarding the definition of the reference measurement channels (RMC) were however left for further discussion. 

In the present contribution we address those details.
2. Discussion

The tentative definitions of the RMCs to be used in sustained data rates tests can be found in Annex A. The following details are still to be defined:

· use of subframe #5
· payload for test 3A
· use of special subframes in TDD tests

· reference value (TB success rate) for test 3A

2.1 Use of subframe #5

Some resource blocks on SF#5 need to be reserved for the transmission of system information. In particular, the following system information blocks (SIB) are scheduled in the UE RF tests (see TS 36.508 for details):
· SIB1 will be transmitted during subframes#5 which SFN mod 2 = 0 
· SIB2+SIB3 will be transmitted during subframes#5 which SFN mod 2 = 1

This problem has been earlier circumvented by not scheduling any user data on SF#5. However, for the sustained data rate test, it could be reasonable to schedule data also on SF#5, as to maximize the downlink throughput. Hence it would need to be evaluated whether the SIBs would fit into the same subframe with the maximum payload allowed by the UE category, while keeping the code rate at a reasonable level.
The following encoded SIB sizes are assumed in the evaluation:
· SIB1: 14.6 octets

· SIB2+SIB3: 30.0 octets
It seems that the RAN5 specification does not mandate any transport format for the SIB transmission. Consequently, if the SF#5 was included in the sustained data rates test, such detail would need to be included. Otherwise the test outcome might depend on the TE vendor’s selection for the SIB transport format. 
Accounting the high SNR level present in the sustained data rate tests, it is assumed that a coding rate of 1/3 would easily guarantee an error-free transmission of the SIB messages. The resource allocation for SIB2+SIB3 would be then three resource blocks, assuming an 8-bit MAC header and a 24-bit CRC. For the simplicity of the test setup, the same allocation could be assumed for SIB1 as well.
2.2 Payload for test-3A
The purpose of the Test 3A is to verify the performance of Cat-3 UEs on bands that do not support 20 MHz channel bandwidth. It is however not evident which maximum payload the UE should support, as this is not defined in the specifications. One possible approach would be to select the payload according to the following two criteria:
· the resulting code rate shall be below the maximum i.e. 0.930 (see TS 36.213 section 7.1.7)
· the resulting code rate shall not result to an excessively high SNR requirement (e.g. TX EVM, UE self noise)
The feasibility of the tentative payload (36696 bits) against these criteria is evaluated in chapter 3.
2.3 Use of special subframes in TDD tests

There are fewer number of downlink binary channel bits available in the special subframes. As a consequence the code rate becomes very high for the scenarios 3B and 4 (where it exceeds unity), see table 1 below:
Table 1 – Code rates of the special subframes 
	
	[R.31-1 TDD]
	[R.31-2 TDD]
	[R.31-3 TDD]
	[R.31-3B TDD]
	[R.31-4 TDD]

	Code rate
	0.83
	0.72
	0.71
	0.95
	1.05


To allow reliable decoding of the special subframes in test cases 3B and 4, it is proposed to not schedule any data on those subframes. Furthermore, it might be considered whether the UL/DL configuration 5 could be used instead of 1, as to maximize the downlink throughput:
Table 2 – Uplink-Downlink configurations
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Furthermore, only one special subframe would need to be skipped per 10 ms if configuration 5 was adopted.
3. Simulations

3.1 Assumptions

The simulations are carried out according to the test cases defined in Section 8.7 of 36.101.

The used reference channels are summarized in Table 2 (FDD) and Table 3 (TDD). As can be seen, the code rate remains below the maximum (i.e. 0.93) for all cases, although being quite close to that for the test 3A (CR = 0.928).
Table 2 – Reference measurement channels for FDD
[image: image1.emf]Parameter Unit

Reference channel [R.31-1 FDD] [R.31-2 FDD] [R.31-3 FDD] [R.31-3A FDD] [R.31-4 FDD]

Channel bandwidth MHz 10 10 20 10 20

Allocated resource blocks 17 50 100 50 100

Allocated subframes per Radio Frame 10 10 10 10 10

Modulation 64QAM 64QAM 64QAM 64QAM 64QAM

Target Coding Rate [3/4] [0.61] [0.6] TBD [7/8]

Information Bit Payload

  For Sub-Frames 1,2,3,4,6,7,8,9 Bits 10296 25456 51024 36696 75376

  For Sub-Frame 5  Bits 10296 25456 51024 36696 75376

  For Sub-Frame 0 Bits 10296 25456 51024 36696 75376

Coding rate

  For Sub-Frames 1,2,3,4,6,7,8,9 0.67 0.59 0.59 0.85 0.87

  For Sub-Frame 5 0.88 0.64 0.62 0.92 0.91

  For Sub-Frame 0 0.81 0.63 0.61 0.90 0.90

Binary Channel Bits Per Sub-Frame

  For Sub-Frames 1,2,3,4,6,7,8,9 Bits 15300 43200 86400 43200 86400

  For Sub-Frame 5 (3 PRB reserved for SI) Bits 11736 39744 82944 39744 82944

  For Sub-Frame 0 Bits 12780 40752 83952 40752 83952

Number of layers 1 2 2 2 2

Max. Throughput averaged over 1 frame Mbps

UE Category 1 2 3 3 4

Value


Table 3 - Reference measurement channels for TDD
[image: image2.emf]Parameter Unit

Reference channel [R.31-1 TDD] [R.31-2 TDD] [R.31-3 TDD] [R.31-3B TDD] [R.31-4 TDD]

Channel bandwidth MHz 10 10 20 15 20

Allocated resource blocks 17 50 100 75 100

Uplink-Downlink Configuration (Note 3) 5 5 5 5 5

Allocated subframes per Radio Frame 

(D+S)

8+1 8+1 8+1 8+1 8+1

Modulation 64QAM 64QAM 64QAM 64QAM 64QAM

Target Coding Rate [3/4] [0.61] [0.6] TBD [7/8]

Information Bit Payload

  For Sub-Frames 3,4,6,7,8,9  Bits 10256 25456 51024 51024 75376

  For Sub-Frames 1 0 0 0 0 0

  For Sub-Frame 5 10256 25456 51024 51024 75375

  For Sub-Frame 0 Bits 10256 25456 51024 51024 75376

Coding rate

  For Sub-Frames 3,4,6,7,8,9  0.67 0.59 0.59 0.79 0.87

  For Sub-Frames 1 n/a n/a n/a n/a n/a

  For Sub-Frame 5 0.84 0.63 0.61 0.83 0.90

  For Sub-Frame 0 0.78 0.62 0.60 0.81 0.89

Binary Channel Bits Per Sub-Frame

  For Sub-Frames 3,4,6,7,8,9  Bits 15300 43200 86400 64800 86400

  For Sub-Frames 1 Bits 12420 35568 71568 53568 71568

  For Sub-Frame 5 (3 PRB reserved for SI) Bits 12168 40176 83376 61776 83376

  For Sub-Frame 0 Bits 13212 41184 84384 62784 84384

Number of layers 1 2 2 2 2

Max. Throughput averaged over 1 frame Mbps

UE Category 1 2 3 3 4

Value


3.2 Results

The simulation results for FDD are shown in Figure 1 for FDD and Figure 2 for TDD. The receiver impairments are not included in the simulations; however a TX EVM of 6 % is added.

[image: image3]
Figure 1 – FDD simulation results

[image: image4]
Figure 2 – TDD simulation results
As can be seen, the reference value (TB success rate = 0.90) is achieved at SNR < 22 dB for Test 4, that is the worst case for both FDD and TDD. The proposed payloads seem feasible, accounting realistic UE imperfections and a possible impact from the uneven signal flatness. Furthermore, Test 3A should be carried out at 90% reference value, as the required SNR is very similar to Test 4.
4. Conclusions

In the present contribution we address some pending details regarding the verification of the sustained data rates. Based on that analysis, the following is proposed:
· User data would be transmitted on SF#5

· Three PRBs would be reserved on SF#5 for the transmission of system information blocks
· The tentative payload for Test 3 A (36696) seems feasible although the code rate on SF#5 is very close to the maximum that the UE needs to support (0.928 vs. 0.930)

· No user data would be scheduled on special subframes

· The uplink-downlink configuration of the TDD scenarios would be changed from 1 to 5 to maximize the data throughput
· The reference value (TB success rate) of the Test 3A would be set to 90 %  

The payload sizes corresponding to these modifications are given in Tables 2 and 3.
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Annex A – RMC definitions in 36.101 v.9.4.0

A.3.9
Reference measurement channels for sustained downlink data rate provided by lower layers

Editor’s note: the use of Sub-Frame 5 is TBD

A.3.9.1
FDD

Table A.3.9.1-1: Fixed Reference Channel for sustained data-rate test (FDD)

	Parameter
	Unit
	Value

	Reference channel
	
	[R.31-1 FDD]
	[R.31-2 FDD]
	[R.31-3 FDD]
	[R.31-3A FDD]
	[R.31-4 FDD]

	Channel bandwidth
	MHz
	10
	10
	20
	10
	20

	Allocated resource blocks
	
	[17]
	50
	100
	50
	100

	Allocated subframes per Radio Frame
	
	10
	10
	10
	10
	10

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	[3/4]
	[0.61]
	[0.6]
	TBD
	[7/8]

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,5,6,7,8,9
	Bits
	10296
	25456
	51024
	36696
	75376

	  For Sub-Frame 0
	Bits
	10296
	25456
	51024
	36696
	75376

	Number of Code Blocks per Sub-Frame
(Note 3)
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,5,6,7,8,9
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD

	  For Sub-Frame 0
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	

	  For Sub-Frames 1,2,3,4,5,6,7,8,9
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD

	  For Sub-Frame 0
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD

	Number of layers
	
	1
	2
	2
	2
	2

	Max. Throughput averaged over 1 frame
	Mbps
	
	
	
	
	

	UE Category
	
	1
	2
	3
	3
	4

	Note 1:
2 symbols allocated to PDCCH for the 10 MHz bandwidth, symbol for the 20 MHz bandwidth
Note 2:
Reference signal, synchronization signals and  PBCH allocated as per TS 36.211 [4]
Note 3:      If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)


A.3.9.2
TDD
Table A.3.9.2-1: Fixed Reference Channel for sustained data-rate test (TDD)

	Parameter
	Unit
	Value

	Reference channel
	
	[R.31-1 TDD]
	[R.31-2 TDD]
	[R.31-3 TDD]
	[R.31-3B TDD]
	[R.31-4 TDD]

	Channel bandwidth
	MHz
	10
	10
	20
	15
	20

	Allocated resource blocks
	
	[17]
	50
	100
	75
	100

	Uplink-Downlink Configuration (Note 3)
	
	1
	1
	1
	1
	1

	Allocated subframes per Radio Frame (D+S)
	
	4+2
	4+2
	4+2
	4+2
	4+2

	Modulation
	
	64QAM
	64QAM
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	[3/4]
	[0.61]
	[0.6]
	TBD
	[7/8]

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames 4,5,9 
	Bits
	10256
	25456
	51024
	TBD
	75376

	  For Sub-Frames 1,6
	
	TBD
	TBD
	TBD
	TBD
	TBD

	  For Sub-Frame 0
	Bits
	10256
	25456
	51024
	TBD
	75376

	Number of Code Blocks per Sub-Frame
(Note 4)
	
	
	
	
	
	

	  For Sub-Frames 4,5,9 
	
	TBD
	TBD
	TBD
	TBD
	TBD

	  For Sub-Frames 1,6
	
	TBD
	TBD
	TBD
	TBD
	TBD

	  For Sub-Frame 0
	
	TBD
	TBD
	TBD
	TBD
	TBD

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	

	  For Sub-Frames 4,5,9 
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD

	  For Sub-Frames 1,6
	
	TBD
	TBD
	TBD
	TBD
	TBD

	  For Sub-Frame 0
	Bits
	TBD
	TBD
	TBD
	TBD
	TBD

	Number of layers
	
	1
	2
	2
	2
	2

	Max. Throughput averaged over 1 frame
	Mbps
	TBD
	TBD
	TBD
	TBD
	TBD

	UE Category
	
	1
	2
	3
	3
	4

	Note 1:
2 symbols allocated to PDCCH for the 10 MHz bandwidth, symbol for the 20 MHz bandwidth
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4]
Note 3:
As per Table 4.2-2 in TS 36.211 [4]

Note 4:      If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit)
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