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1. Introduction and Summary

The HARQ protocol has been employed by the UTRAN physical layer since Release-5. The OFDM-based LTE DL radio interface introduces a number of new aspects into system design, one of these is exposing time-collocated symbols to different frequency-selective fading. We show that this can be exploited in the design of the HARQ processing chain, by varying the order in which data are mapped onto the physical resource. This avoids continually exposing the same data to the same channel conditions during HARQ retransmissions. By simulations, we show that this approach can lead to power savings of up to 0.5 dB. Given the negligible complexity, we recommend that varying the physical channel mapping order is part of the SDCH (shared DL channel) – PSDCH processing chain.
2. Concept Description

With wideband OFDM, each modulation symbol travels over a narrowband channel. Compared to WCDMA, this introduces an extra dimension ​– ‘symbol level’ frequency selectivity – into consideration. Symbols located within the same (short) TTI will, in general, be exposed to different channel conditions due to frequency selectivity. Hence, the relative received bit reliabilities, associated with different transmitted bits do depend on the channel (i.e. local channel conditions in frequency). Moreover, in the case of HARQ with Chase combining or partial IR, when the same data are consistently mapped onto the same frequency location, the reliability variation is unchanged during the retransmissions, which has an adverse effect onto link throughput at low UE speeds.

In this contribution, we provide analysis of an improvement to the HARQ processing chain, which aims to average the accumulated bit reliabilities, received over multiple HARQ attempts. Simply put:

· The 1st HARQ attempt employs the physical channel mapping order M1.

· The 2nd HARQ attempt employs the physical channel mapping order M2 (different from M1 in general).

· The 3rd HARQ attempt employs the physical channel mapping order M3 (different from M1 and M2 in general), etc.

This approach is somewhat akin to constellation rearrangement, which also aims to average the accumulated bit reliabilities by changing the priority or polarity mapping in higher order modulation.

The proposal is likely to be most beneficial for low UE speeds. In fast time varying channels, the channel variation itself will provide some averaging, but it is important to note that the link throughput is never penalized.

3. Simulation Results

The tables below show the link throughput improvements that can be achieved by varying the mapping order between HARQ attempts. In the simulations, the mapping order was varied by simply selecting a different pseudo-random TTI interleaver for each HARQ attempt, the optimization of the mapping order is left FFS. The following observations can be made:

· For localized transmissions, the SNR gains increase with the transmission bandwidth, e.g. they are higher for the 6 RB allocation compared to the 1 RB allocation.

· For distributed transmissions, the SNR gains are independent of the transmission bandwidth.

· The SNR gains are typically higher with the distributed mapping than with the localized mapping.
· The gains occur after at least one HARQ retransmission, hence substantial gains are typically visible at 50% or less of maximum link throughput. 
Table 1 TU, 3 km/h, 1 Rx antenna, DL.
	MCS
	RB mapping
	# RBs
	SNR gain at fraction of max throughput [dB]

	
	
	
	0.75
	0.50
	0.33
	0.25

	1/3 QPSK
	localized
	1
	0.09
	0.10
	0.10
	0.09

	
	
	2
	0.10
	0.16
	0.18
	0.15

	
	
	6
	0.11
	0.22
	0.29
	0.31

	
	distributed
	1
	0.06
	0.22
	0.41
	0.46

	
	
	2
	0.06
	0.21
	0.40
	0.48

	
	
	6
	0.05
	0.21
	0.40
	0.50

	1/2 QPSK
	localized
	2
	0.09
	0.14
	0.14
	0.16

	
	
	6
	0.08
	0.20
	0.29
	0.28

	
	distributed
	2
	0.05
	0.21
	0.42
	0.46

	
	
	6
	0.05
	0.20
	0.41
	0.46

	1/2 16QAM
	localized
	6
	0.04
	0.14
	0.23
	0.29

	
	
	12
	0.03
	0.06
	0.19
	0.29

	
	distributed
	6
	0.01
	0.14
	0.35
	0.36

	
	
	12
	0.02
	0.06
	0.29
	0.24


Table 2 TU, 3 km/h, 2 Rx antennas, DL.

	MCS
	RB mapping
	# RBs
	SNR gain at fraction of max throughput [dB]

	
	
	
	0.75
	0.50
	0.33
	0.25

	1/3 QPSK
	localized
	1
	0.03
	0.04
	0.05
	0.05

	
	
	2
	0.01
	0.05
	0.09
	0.10

	
	
	6
	0.03
	0.09
	0.16
	0.17

	
	distributed
	1
	0.01
	0.10
	0.25
	0.24

	
	
	2
	0.02
	0.10
	0.25
	0.25

	
	
	6
	0.01
	0.09
	0.26
	0.25

	1/2 QPSK
	localized
	2
	0.03
	0.06
	0.08
	0.09

	
	
	6
	0.02
	0.08
	0.14
	0.15

	
	distributed
	2
	0.01
	0.11
	0.25
	0.23

	
	
	6
	0.01
	0.10
	0.24
	0.23

	1/2 16QAM
	localized
	6
	0.01
	0.06
	0.12
	0.17

	
	
	12
	0.01
	0.06
	0.17
	0.27

	
	distributed
	6
	0.00
	0.06
	0.18
	0.18

	
	
	12
	0.00
	0.05
	0.12
	0.23


4. Conclusion

We presented and evaluated a simple way of improving HARQ performance in LTE DL. Given the negligible complexity, we recommend that varying the physical channel mapping order is part of the SDCH (shared DL channel) – PSDCH processing chain.
Annex: Simulation Assumptions
Table 3 Simulation parameters

	Parameter
	Value
	Units
	Comment

	Sampling frequency
	7.68
	MHz
	

	Link direction
	Downlink
	
	

	Channel model
	TU, 3km/h 
	
	

	Antenna configuration
	1Tx x 1Rx, 1Tx x 2Rx
	
	

	Resource per user
	1, 2, 6, 12
	resource block 
	12 subcarriers x 14 symbols per RB

	CRC length
	24
	bit
	

	TTI length
	1
	ms
	

	Subcarrier spacing
	15
	kHz
	

	OFDM symbols per TTI
	14
	
	12 allocated to traffic channel

	FEC
	turbo
	
	Rel-5 turbo coding and rate matching

	turbo decoding algorithm
	max log map
	
	

	#turbo decoding iterations
	8 
	
	

	Channel estimation
	Perfect
	
	

	RV sequence
	0 0 0 0
0 2 4 6

0 2 4 7
	
	for 1/3 rate QPSK

for 1/2 rate QPSK

for 1/2 rate 16QAM


The physical channel mapping order was varied by choosing a different pseudorandom interleaver for each HARQ attempt, as shown in the following figure:
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Figure 1  Illustration of how physical channel mapping variation was achieved.
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