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Introduction
This document presents revised PUSCH simulation assumptions according to the last RAN1 decisions.
Proposal
1. Introduction

This contribution provides simulation assumptions intended for use when running ideal simulations and for aligning the results among companies.

E-UTRA is a flexible system, the links can be configured in a number of ways to match different environments, services and user needs. However the many degrees of freedom also results in a large number of possible parameters combinations that requirements can be based on. There are literally thousands of possible combinations and testing all clearly unfeasible. The difficulty is selecting a reasonable number of combinations to test while preserving as large coverage of the tests as possible.

In this contribution we summarize the parameters. The intention is to be as complete as possible and as clearly as possible define the various parameters so that alignment between companies is simplified.

This contribution provides an update to [1]. The update is a removal of one of the TDD frame structures and removal of 1.6 and 3.2MHz channel bandwidths, according to the last RAN1 decisions.
2. Simulation assumptions for ideal simulations

This chapter outlines a number of assumptions needed when performance evaluations are done. In this chapter we have tried to be as specific as possible in order to facilitate comparison of results from different companies. 
2.1 Radio channel models

The suggested channel models and agreements are so far documented in Annex B.2.2.4 of [2]. Discussions are ongoing on how to create a high speed model as well as possibly a special case for the high speed train scenario. The currently agreed channel models are listed in table 1.
	Delay spread
	Doppler frequency
	Model
	Comment

	[Low]
	[Low]
	[EPA 5Hz]
	[Low delay spread model representing small cell and indoor cases.]

	[Medium]
	[Low]
	[EVA 5Hz]
	

	[Medium]
	[Medium]
	[EVA 70Hz]
	

	[High]
	[Medium]
	[ETU 70Hz]
	[Represents high delay spread environments, with a delay span of the same order as the cyclic prefix.]

	[High]
	[High]
	[ETU 300Hz]
	


Table 1: Overview of currently agreed channel models

We assume zero correlation and no power imbalance between paths.

2.2 Noise model

AWGN noise is assumed for all simulations.

2.3 Channel bandwidths

Currently there are 6 defined bandwidths for TDD and 6 defined for FDD. For initial alignment 50 RB channel bandwidth is used.

	Channel bandwidth [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration [Resource Blocks]
	6
	15 
	25
	50
	75
	100

	



Table 2: Channel bandwidths defined for LTE
2.4 Channel estimation and equalizer

The assumed channel estimator is a ML estimator with real noise estimation. The equalizer used is a frequency domain MMSE equalizer.

2.5 Timing estimation


[image: image1]
Figure 1- Timing of the sampled window if perfect timing estimation is assumed.

We assume that the receiver has perfect knowledge of the timing, i.e. that the timing of the individual paths are known. The sampled window is aligned to match DFTS-OFDM symbol of the first arriving path. That way as much useful energy as possible is collected in the sampled window.

2.6 Modulation and Coding

We do simulations for a fixed modulation and coding schemes and without link adaptation. This makes it easy to define measurement channels (e.g. block sizes, how many bits for checksums etc.) and to calculate the maximum throughput.

The following combinations of modulation and coding are used:

· QPSK, rate 1/3

· 16QAM, rate 3/4

· 64QAM, rate 5/6
2.7 HARQ process

The HARQ process should allow a maximum of 4 transmissions, i.e. after the initial transmission there is a maximum of three retransmissions. For the ideal simulations we assume that the feedback mechanism is error free.

To combine retransmissions incremental redundancy is used.

2.8 Measurement channels

It is expected that the requirements for eNodeB demodulation performance my need a reasonably large number of defined reference channels. However the structure is similar and can be described using the schematic overview in figure 2 and the specifics of each reference channel can be found in Annex B.

The procedure used for deriving the measurement channels is as follows:

1. Fix the values for the number of allocated RBs, the modulation scheme and the code rate.

2. Using these values the approximate payload size can be derived by multiplying the number of bits in the physical layer by the code rate. Note that the payload does not include the CRC checksum.

3. The payload+CRC is divided into equal size blocks of 6144 bits or less.

4. If there is more than one code block a 24 bit CRC is added to each code block.

5. The division in 3 may result in code block sizes that are not allowed according to the code block segmentation procedure described in 5.1.2 of TS 36.121. If that is not the case the first valid code block size smaller than the size calculated in 3 is used.

6. Once the code block size is determined the payload size can easily be determined.
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Figure 2 – Schematic overview of LTE UL encoding process
2.9 Channel interleaving

Pending RAN1 decisions on channel interleaving the following mapping is used:

When there is only one code block in one subframe the symbols are transmitted in sequence.

When there are more than one code block the code blocks are transmitted in sequence starting with code block 1.

2.10 Cyclic prefix length

The cyclic prefix can be normal or extended, (i.e. approx. 4.7 or 16.7 us). The extended CP is useful for coping with highly dispersive channels and is mainly intended for use in single frequency networks. Normal cyclic prefix length is used for most tests.
2.11 Diversity schemes

Multi user MIMO and MIMO with two transmit antennas are left FFS. We use two diversity schemes with one transmitter and 2 or 4 receive antennas. Multi user MIMO and MIMO with two transmit antennas are left FFS.
2.12 Uplink frequency hopping

For full resource block allocations frequency hopping is not used. For single RB allocations frequency hopping is used.

For FDD and TDD the following assumptions are made about frequency hopping:

· For inter subframe hopping a random pattern is used. (The subframe is 1 ms in duration).

· For intra subframe hopping the first slot is randomly selected, the second slot is offset 1/2 bandwidth.


· 

2.13 Performance measure

The performance for a given SNR is measured as a percentage of nominal throughput, where the throughput is determined by the measurement channels. Throughput is calculated on payload bits only, i.e. the CRC is not included.

The performance requirements are expressed as a required signal level to achieve a specified throughput level, e.g. 30% and 70% of maximum throughput.

For alignment purposes companies should provide “curves” i.e. absolute throughput values at specified SNR levels.
2.14 Simulation parameters

To be able to appreciate the full parameter space and the number of requirements to set we group the parameters into orthogonal groups. In each group there is a number of parameter combinations. Then each parameter combination in a group has to be matched with all parameter combinations in the other groups. The suggestion brought forward here is based on [3].
2.14.2 1 Duplex mode, Channel Bandwidth and Diversity scheme

There are quite many combinations of Duplex mode and channel bandwidth. However different eNodeBs will have different capabilities and it is necessary to develop requirements for all different eNodeB classes.

	
	
	Channel Bandwidth MHz

	Duplex Mode
	Number of Rx antennas
	1.4
	3
	5
	10
	15
	20

	FDD and TDD
	2
	
	
	
	X
	
	

	
	4
	
	
	
	
	
	


Note that FDD/TDD with 2 antennas and 10 MHz channel BW has been used for initial alignment.

2.14.2 Modulation, coding, propagation conditions, transmission BW and CP length

To avoid testing all combinations we pick only a subset. The test can be either a single resource block or the full transmission bandwidth configuration. 

	
	Propagation conditions

	
	EPA 5Hz
	EVA 5Hz
	EVA 70Hz
	ETU 70Hz
	ETU 300Hz

	QPSK 1/3
	Full
	Single RB
	Full
	Single RB
	Single RB

	16QAM 3/4
	Full
	Single RB
	Full
	Single RB
	

	64 QAM 5/6
	Full
	Single RB
	
	
	



Extended CP test

There should be one test for extended CP with MCS 16QAM rate 3/4, one RB allocation with the ETU 70Hz channel and extended CP.

This should be combined with the parameter groups described in 2.14.1

2.15 Persistent scheduling

Whether specific tests for persistent scheduling are needed and design of such tests in case they are needed is left FFS. 
3.  Conclusions

In this contribution we have listed the simulation assumptions to be used for ideal simulations for defining the eNodeB demodulation performance requirements.
References

[1] R4-072210, PUSCH simulation assumptions, Ericsson
[2] R4-071788
, TR 36.803 v0.7.0, Motorola
[3] R4-070984, Simulation assumptions for eNodeB demodulation requirements – PUSCH, Ericsson


Annex A

This table is intended to be used for summarising the simulation parameters.
	Channel Model
	

	Correlation between branches
	0

	Power imbalance between branches
	0 dB

	Noise Model
	AWGN

	Channel Bandwidth
	

	Channel estimation
	ML with real noise estimation

	Equaliser
	Freq. domain MMSE

	Timing estimation
	Perfect

	Modulation scheme
	

	Coding rate
	

	Maximum HARQ transmissions
	4

	HARQ combining
	Incremental redundancy

	Payload size
	X bits

	Frame structure
	FDD type 1/TDD type 2

	Cyclic prefix length
	Normal

	Diversity scheme
	1 Tx , 2 Rx antennas

	Frequency hopping
	Random hopping pattern


Annex B

Table 1. Reference channels parameters for 1.4MHz channel bandwidth
FDD frame structure type 1/TDD frame structure type 2
	Allocated resource blocks
	6
	6
	6
	1
	1
	1

	Modulation
	64QAM
	16QAM
	QPSK
	64QAM
	16QAM
	QPSK

	Code rate
	5/6
	3/4
	1/3
	5/6
	3/4
	1/3

	Payload size (bits)
	4264
	2536
	568
	712
	432
	96

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0
	0

	Number of code blocks - C
	1
	1
	1
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	12876
	7692
	1788
	2220
	1380
	372

	Total number of bits per sub-frame
	5184
	3456
	1728
	864
	576
	288

	Total symbols per sub-frame
	864
	864
	864
	144
	144
	144


Table 2. Reference channels parameters for 3MHz channel bandwidth
FDD frame structure type 1/TDD frame structure type 2
	Allocated resource blocks
	15
	15
	15
	1
	1
	1

	Modulation
	64QAM
	16QAM
	QPSK
	64QAM
	16QAM
	QPSK

	Code rate
	5/6
	3/4
	1/3
	5/6
	3/4
	1/3

	Payload size (bits)
	10680
	6456
	1416
	712
	432
	96

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	0
	0
	0
	0

	Number of code blocks - C
	2
	2
	1
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	16140
	9804
	4332
	2220
	1380
	372

	Total number of bits per sub-frame
	12960
	8640
	4320
	864
	576
	288

	Total symbols per sub-frame
	2160
	2160
	2160
	144
	144
	144


Table 3. Reference channels parameters for 5MHz channel bandwidth
FDD frame structure type 1/TDD frame structure type 2
	Allocated resource blocks
	25
	25
	25
	1
	1
	1

	Modulation
	64QAM
	16QAM
	QPSK
	64QAM
	16QAM
	QPSK

	Code rate
	5/6
	¾
	1/3
	5/6
	3/4
	1/3

	Payload size (bits)
	17952
	10680
	2344
	712
	432
	96

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	0
	0
	0
	0

	Number of code blocks - C
	3
	2
	1
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	18060
	16140
	7116
	2220
	1380
	372

	Total number of bits per sub-frame
	21600
	14400
	7200
	864
	576
	288

	Total symbols per sub-frame
	3600
	3600
	3600
	144
	144
	144


Table 4. Reference channels parameters for 10MHz channel bandwidth
FDD frame structure type 1/TDD frame structure type 2
	Allocated resource blocks
	50
	50
	50
	1
	1
	1

	Modulation
	64QAM
	16QAM
	QPSK
	64QAM
	16QAM
	QPSK

	Code rate
	5/6
	3/4
	1/3
	5/6
	3/4
	1/3

	Payload size (bits)
	35928
	21384
	4776
	712
	432
	96

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	0
	0
	0
	0

	Number of code blocks - C
	6
	4
	1
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	18060
	16140
	14412
	2220
	1380
	372

	Total number of bits per sub-frame
	43200
	28800
	14400
	864
	576
	288

	Total symbols per sub-frame
	7200
	7200
	7200
	144
	144
	144


Table 5. Reference channels parameters for 15MHz channel bandwidth
FDD frame structure type 1/TDD frame structure type 2
	Allocated resource blocks
	75
	75
	75
	1
	1
	1

	Modulation
	64QAM
	16QAM
	QPSK
	64QAM
	16QAM
	QPSK

	Code rate
	5/6
	¾
	1/3
	5/6
	3/4
	1/3

	Payload size (bits)
	53904
	32088
	7096
	712
	432
	96

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	24
	0
	0
	0

	Number of code blocks - C
	9
	6
	2
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	18060
	16140
	10764
	2220
	1380
	372

	Total number of bits per sub-frame
	64800
	43200
	21600
	864
	576
	288

	Total symbols per sub-frame
	10800
	10800
	10800
	144
	144
	144


Table 6. Reference channels parameters for 20MHz channel bandwidth
FDD frame structure type 1/TDD frame structure type 2
	Allocated resource blocks
	100
	100
	100
	1
	1
	1

	Modulation
	64QAM
	16QAM
	QPSK
	64QAM
	16QAM
	QPSK

	Code rate
	5/6
	3/4
	1/3
	5/6
	3/4
	1/3

	Payload size (bits)
	71880
	42816
	9528
	712
	432
	96

	Transport block CRC (bits)
	24
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	24
	24
	24
	0
	0
	0

	Number of code blocks - C
	12
	7
	2
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	18060
	18444
	14412
	2220
	1380
	372

	Total number of bits per sub-frame
	86400
	57600
	28800
	864
	576
	288

	Total symbols per sub-frame
	14400
	14400
	14400
	144
	144
	144



	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	



	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table 7. Reference channels parameters for extended CP, FDD frame structure type 1/ TDD frame structure type 2
	Allocated resource blocks
	1

	Modulation
	16QAM

	Code rate
	3/4

	Payload size (bits)
	360

	CRC Size per transport block (bits)
	24

	CRC Size per code block segment (bits)
	0

	Number of code blocks - C
	1

	Coded block size including 12bits trellis termination (bits)
	1164

	Total number of bits per sub-frame
	480

	Total symbols per sub-frame
	120
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