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Synchronous non-adaptive Hybrid ARQ for distributed subcarrier mode
Alexei Davydov, Alexander Maltsev
Intel Corporation
1. Introduction
Hybrid Automatic Repeat Request (HARQ) is an effective mean to improve robustness of the system to link adaptation errors caused by channel estimation errors, channel quality information feedback delay, user mobility, etc. When a received packet is found to be in error through the use of Cyclic Redundancy Check (CRC), a retransmission request (or Negative Acknowledgment - NACK) will be sent to the transmitter. The transmitter will then retransmit the same packet or it’s portion until the initial packet is successfully decoded at the receiver or a maximum retransmission limit is reached. The difference with conventional ARQ protocol is that erroneous packets are not discarded by the receiver but stored in a buffer for the following joint demodulation with the next retransmission(s).
2. Background
In terms of the retransmission scheduling the HARQ protocols are usually classified in to two groups:

· Synchronous HARQ (S-HARQ)

· Asynchronous HARQ  (A-HARQ)

In the synchronous mode, the retransmissions have to occur at a pre-determined time-frequency instances. Figure 1 shows the example of retransmission allocation in case of S-HARQ. In general, the fact that retransmissions can occur only at a fixed time-frequency instances reduces some flexibility, such as possibility to postpone the retransmission or possibility to use the channel information for more effective allocation of the retransmissions. At the same time S-HARQ provides several benefits over A-HARQ such as reduction of control signalling overhead (the resource allocation control information for the retransmission does not require retransmission and assumed to be the same as in the original transmission). 
3. Problem Statement
As it was mentioned above for conventional S-HARQ protocol the retransmission does not change from frame to frame and occurs at the same time-frequency allocation as the initial transmission. That means that for applications that require short latencies (comparing to channel coherence time) the channel is almost static across retransmissions. In this case the expected post-processing Signal-to-Noise Ration (SNR) improvement due to retransmission is about 3dB for Chase Combining and provided by time diversity and coherent combining only.

There are a number of applications (e.g. VoIP) where signaling overhead should be carefully managed and kept at low level.  For such applications distributed subcarrier mode will be used as a more efficient for data transmission in terms of lower signaling overhead. In such mode the frequency diversity (additionally to time diversity) may be provided for the each next retransmission thus giving additional efficiency and robustness for the S-HARQ in distributed subcarrier mode.
4. Proposed solution
In this section we describe a method for improvement of the efficiency of the conventional S-HARQ for distributed subcarrier mode by means of providing frequency and spatial diversity to the each next retransmission while keeping overhead almost at the same level.
To exploit frequency diversity it is proposed to apply additional predetermined sub channel offset to the original data burst allocation. In this case the fading experienced by specific subcarrier in data burst will change due to change in the burst position (see Figure 2). The new parameter that defines the additional sub channel offset (S-HARQ sub channel offset) may be signalled in control channel during original transmission or specified as a fixed parameter in the system description.
In case of vertical or diagonal MIMO mode the additional robustness for S-HARQ retransmissions may be guaranteed by exploiting the spatial diversity (additionally or separately to the frequency diversity). The spatial streams of the each retransmission may be cyclically rotated. The cyclic rotation of spatial signals 
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spatial streams is illustrated below with rotation offset equal to one for each new retransmission:
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5. Comparative study

To demonstrate the efficiency of the proposed solution a link layer performance analysis for the aforementioned techniques has been performed. The system parameters used in the simulations are summarized in Table 1 [1].
Table 1. Link layer simulation parameters

	Parameter
	Value
	Notes

	FFT Size
	1024
	

	Bandwidth
	10 
	MHz

	Permutation
	DL PUSC
	Distributed

	Antenna setting
	1x1/2x2
	2x2 SM, MMSE

	TX/RX Ant. Corr.
	0.5/0.5
	

	Mobile speed
	3
	km/h

	Retransmission delay 
	10
	ms

	HARQ
	Synchronous
	Chase Combining

	Packet Length
	44 bytes
	VoIP active state


In Figure 3 the generic Packet Error Rate (PER) versus Signal-to-Noise Ratio (SNR) reference curves are shown for the initial transmission for all modulation coding schemes (MCS) in the distributed subcarrier mode. The similar graphs with residual PER performance versus SNR are shown in Figure 4 for the conventional S-HARQ method after first retransmission. It can be seen from the figures that the first packet retransmission and Chase Combining provides about 4dB SNR improvement (3dB coherent combining, 1dB time diversity) comparing to the performance of the initial transmission. Figure 5 demonstrates the efficiency of the proposed S-HARQ with predetermined sub channel rotation in the same scenario. It can be seen that simple predetermined sub channel rotation scheme that require low overhead provides 1-2dB improvement over conventional S-HARQ.
A similar comparison has been conducted for 2x2 vertical STC-B mode. Figure 6 shows the reference PER performance versus SNR for the first 2x2 MIMO transmission. The performance of the conventional S-HARQ and proposed S-HARQ for MIMO systems (with predetermined spatial stream rotation, but without sub channel rotation) are presented in figure 7 and 8 respectively. It can be seen that spatial stream rotation provides 1-2 dB improvement over simple packet retransmission in MIMO mode.
6. Text proposal

If synchronous HARQ mode will be adopted as a mandatory mode, insert the following text into SDD Section 10 – Media Access Control Sub-Layer [2]

-------------------------------  Text Start  ---------------------------------------------------

10.x Data/Control Plane

10.x.x HARQ principles

The HARQ within the MAC sub layer is a synchronous N-channel Stop-And-Wait process with the following characteristics:
· Downlink mode 

· default synchronous non-adaptive HARQ
· predetermined data burst rotation for distributed subcarrier mode

· predetermined spatial stream rotation for vertical MIMO

· fixed data burst location for localized subcarrier mode
· Uplink mode

· default synchronous non-adaptive HARQ

· predetermined data burst rotation for distributed subcarrier mode
· predetermined spatial stream rotation for vertical MIMO

· fixed data burst location for localized subcarrier mode 
-------------------------------  Text End  ---------------------------------------------------

Insert the following text into SDD Section 10 – Media Access Control Sub-Layer [2]
-------------------------------  Text Start  ---------------------------------------------------
10.x Data/Control Plane

10.x.x Downlink scheduling

10.x.x.x Persistent allocation
The BS may use data bursts rotation within DL persistent allocation region to improve efficiency of HARQ retransmission. In addition in case of vertical spatial multiplexing transmission spatial stream rotation may be used for further improvement. A predetermined data burst rotation offset and spatial stream rotation indicator will be signaled via L1/L2 control channel(s). 
10.x.y Uplink scheduling

10.x.y.x Persistent allocation
The BS may use data bursts rotation within UL persistent allocation region to improve efficiency of HARQ retransmission. In addition in case of vertical spatial multiplexing transmission spatial stream rotation may be used for further improvement. A predetermined data burst rotation offset and spatial stream rotation indicator will be signaled via L1/L2 control channel(s). 
-------------------------------  Text End  ---------------------------------------------------
7. References
[1] IEEE 802.16m-008/004, “802.16m Evaluation Methodology”
[2] IEEE 802.16m-08/003, “The Draft IEEE 802.16m System Description Document”
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Figure 1. Conventional S-HARQ retransmission data resource allocation in time-frequency domain
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Figure 2.  Proposed S-HARQ retransmission data resource allocation in time-frequency domain
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Figure 3. PER versus SNR for the initial transmission (reference curves)
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Figure 4. Residual PER versus SNR after the 1st retransmission for the conventional S-HARQ
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Figure 5. Residual PER versus SNR after the 1st retransmission for the proposed S-HARQ
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Figure 6. PER versus SNR for the initial vertical MIMO transmission (reference curves)
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Figure 7. Residual PER versus SNR after the 1st retransmission for the conventional MIMO S-HARQ
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Figure 8. Residual PER versus SNR after the 1st retransmission for the proposed MIMO S-HARQ

  


_1269348152.unknown

_1269348159.unknown

_1269692667.vsd
TTI = Tranmission Time Interval


Sub channel offset


DATA BURST


Number of symbols


Number of
sub channels


Logical frequency


Physical frequency


Physical to Logical


TTI = Tranmission Time Interval


Retransmission Delay = T


Retransmission Delay = T


2nd Retransmission


Transmission


1st Retransmission


TTI = Tranmission Time Interval


Retransmission Delay = T



_1269792990.vsd
Logical frequency


TTI = Tranmission Time Interval


Transmission


TTI = Tranmission Time Interval


TTI = Tranmission Time Interval


1st Retransmission


2nd Retransmission


S-HARQ
Sub channel offset


S-HARQ
Sub channel offset


Retransmission Delay = T


Retransmission Delay = T


Retransmission Delay = T



_1269348155.unknown

_1269348148.unknown

_1269348089.unknown

