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1 Introduction
In RAN4 #48 meeting, it was agreed in [1] that:

Frequency hopping interested companies could provide simulation results with impairments in next meeting, based on which at the next meeting we should decide whether requirements with frequency hopping should be defined.
In this document, the agreed simulation assumptions for PUSCH frequency hopping are listed for the simulation work before RAN4#48bis meeting.
2 Simulation assumptions
Before Munich meeting, in the simulation assumptions for PUSCH demodulation [2], for single RB allocations frequency hopping is used. So based on the pervious simulation assumptions in [2] and some comments collected in the email reflector, the simulation assumptions are provided in below sections. The updated fixed reference channels in [3] are also considered in the provided assumptions.
2.1 Simulation for frequency hopping

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

· Intra and inter sub-frame frequency hopping

Random frequency hopping for 1 RB allocation, both inter sub-frame and intra sub-frame.
· Inter-sub-frame frequency hopping only
Random frequency hopping for 1 RB allocation, inter sub-frame and no frequency offset, intra sub-frame.
2.2 Radio channel models

The channel models are given in Table 1:
Table 1: Channel models for frequency hopping simulation

	Delay spread
	Doppler frequency
	Model
	Comment

	[Medium]
	[Low]
	[EVA 5Hz]
	

	[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]
	


We assume zero correlation and no power imbalance between paths.
The test for frequency hopping would only be a single resource block allocation. 

	
	Propagation conditions

	
	EVA 5Hz
	ETU 70Hz
	ETU 300Hz

	QPSK 1/3
	Single RB
	Single RB
	Single RB

	16QAM 3/4
	Single RB
	
	


2.3 Noise model (same as that for PUSCH non frequency hopping)
AWGN noise is assumed for all simulations.

2.4 Channel bandwidths
Below channel bandwidth has been used in frequency hopping simulation.
Table 2: Channel Bandwidth for frequency hopping simulation

	Channel bandwidth [MHz]
	
	
	
	10
	
	

	Transmission bandwidth configuration [Resource Blocks]
	
	
	
	50
	
	


2.5 Channel estimation and equalizer (same as that for PUSCH non frequency hopping)
The assumed channel estimator is a ML estimator with real noise estimation. The equalizer used is a frequency domain MMSE equalizer.

2.6 Timing estimation (same as that for PUSCH non frequency hopping)
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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.

2.7 Modulation and Coding (same as that for PUSCH non frequency hopping)
A fixed modulation and coding schemes and without link adaptation was used for the simulation. 

The following combinations of modulation and coding are used:

· QPSK, rate 1/3

· 16QAM, rate 3/4

2.7 HARQ process (same as that for PUSCH non frequency hopping)
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 (same as that for PUSCH non frequency hopping)
It is expected that the requirements for eNodeB demodulation performance may 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 A.

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 (same as that for PUSCH non frequency hopping)
Channel interleaving used will be based on the latest version of RAN1 spec.

2.10 Cyclic prefix length (same as that for PUSCH non frequency hopping)
At current stage, normal CP should be concentrated.
2.11 Diversity schemes (same as that for PUSCH non frequency hopping)
We use two diversity schemes with one transmitter and 2 or 4 receive antennas. 

2.11 Performance measure (same as that for PUSCH non frequency hopping)
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.

3 Conclusion 

In this document we provide the simulation assumptions for PUSCH hopping which are based on the current simulation assumptions of PUSCH non-frequency hopping and the simulation assumption for frequency hopping in [2].

4 References 
[1] R4-082122, “BS demodulation ad-hoc minutes”, Ericsson
[2] R4-080302, “PUSCH simulation assumptions”, Nokia Siemens Networks
[3] R4-082110, “Updates of Fixed Reference Channels”, Nokia Siemens Networks
Annex A 

A.3
Fixed Reference Channels for performance requirements (QPSK 1/3)

Table A.3-1 FRC parameters for performance requirements (QPSK 1/3)

	Reference channel
	A3-1

	Allocated resource blocks
	1

	DFT-OFDM Symbols per subframe
	12

	Modulation
	QPSK

	Code rate
	1/3

	Payload size (bits)
	104

	Transport block CRC (bits)
	24

	Code block CRC size (bits)
	0

	Number of code blocks - C
	1

	Coded block size including 12bits trellis termination (bits)
	396

	Total number of bits per sub-frame
	288

	Total symbols per sub-frame
	144


A.4
Fixed Reference Channels for performance requirements (16QAM 3/4)

Table A.4-1 FRC parameters for performance requirements (16QAM 3/4)

	Reference channel
	A4-1
	A4-2

	Allocated resource blocks
	1
	1

	DFT-OFDM Symbols per subframe
	12
	10

	Modulation
	16QAM
	16QAM

	Code rate
	3/4
	3/4

	Payload size (bits)
	408
	376

	Transport block CRC (bits)
	24
	24

	Code block CRC size (bits)
	0
	0

	Number of code blocks - C
	1
	1

	Coded block size including 12bits trellis termination (bits)
	1308
	1212

	Total number of bits per sub-frame
	576
	480

	Total symbols per sub-frame
	144
	120
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