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1. Introduction

At the RAN1 Ad Hoc LTE meeting in Helsinki, several papers were presented regarding the selection of asynchronous HARQ or synchronous HARQ as a downlink HARQ scheme in E-UTRA [1]-[4]. This paper presents comparisons between the asynchronous HARQ and synchronous HARQ from the viewpoints of flexibility of the packet assignments in the E-UTRA downlink.

2. Comparison of Control Signaling Overhead between Asynchronous and Synchronous HARQ

Table 1 lists the required L1/L2 control signaling bits for asynchronous HARQ and synchronous HARQ. As indicated in the table, we considered synchronous and asynchronous ARQ cases in combination with adaptive HARQ and non-adaptive HARQ. In adaptive HARQ, the transmission format, e.g. data modulation, channel coding rate, and assigned resource blocks, can be changed adaptively between the initial transmission and the re-transmissions.

Table 1 – Required L1/L2 control signaling bits in downlink

[image: image1.emf]Required Required Required Required New data indicator

Not required for 

re-transmission

Required

Not required for 

re-transmission

Required

Redundancy version

Not required for 

re-transmission

Required

Not required for 

re-transmission

Required

Resource assignment 

information

Not required for 

re-transmission

Required

Not required for 

re-transmission

Required

Modulation scheme

Not required for 

re-transmission

Not required for 

re-transmission

Required Required

User ID

Not required

Non-adaptive

Required

Non-adaptive

Process number Not required Required

Adaptive

Synchronous

Adaptive

Asynchronous

Required Required Required Required New data indicator

Not required for 

re-transmission

Required

Not required for 

re-transmission

Required

Redundancy version

Not required for 

re-transmission

Required

Not required for 

re-transmission

Required

Resource assignment 

information

Not required for 

re-transmission

Required

Not required for 

re-transmission

Required

Modulation scheme

Not required for 

re-transmission

Not required for 

re-transmission

Required Required

User ID

Not required

Non-adaptive

Required

Non-adaptive

Process number Not required Required

Adaptive

Synchronous

Adaptive

Asynchronous


· Process number
· The HARQ process number is required for asynchronous HARQ. On the other hand, synchronous HARQ does not need the HARQ process number.

· User ID
· In synchronous HARQ, the User ID for the re-transmission packet can be omitted in principle. However, since the User ID is checked not only by the target UE, but also the other UEs to be scheduled. Therefore, the removal of the User ID for the re-transmission packet is very difficult.

· Modulation scheme, resource block assignment information, and redundancy version
· Whether these bits are always required or required only for the case of initial transmission is dependent on the usage of adaptive HARQ. 

· Therefore, there is no difference between asynchronous HARQ and synchronous HARQ for these control signaling bits

· New data indicator
· Both the asynchronous HARQ and synchronous HARQ require new data indicator when we need to avoid false packet combining due to the decoding error of ACK/NACK information in the uplink. It should be noted that the new data indicator can be a part of the redundancy version information when adaptive HARQ is used [2].
Therefore, basically the difference in the required number of the control signaling bits between asynchronous HARQ and synchronous HARQ is only caused by the necessity of the HARQ process number. The impact of the HARQ process number should be investigated further.

3. Comparison of Flexibility in Packet Assignment between Asynchronous and Synchronous HARQ

· Impact of MBMS sub-frames and sub-frames assigned for uplink transmission in TDD mode
In synchronous HARQ, retransmission takes place based on a pre-decided timing relation, i.e., at the next timing with the same HARQ process number. However, when some of the sub-frames are occupied by MBMS data transmission or uplink transmission in the TDD mode, it is not possible to retransmit a packet after the pre-decided timing. Figure 1 illustrates an example of the impact of MBMS and TDD sub-frames on the re-transmission interval for asynchronous HARQ and synchronous HARQ. For synchronous HARQ, we assumed Method C for HARQ process numbering proposed in [2]. From this figure, we can clearly see that asynchronous HARQ can minimize the delay of the re-transmission due to the MBMS or TDD sub-frame if it is necessary (for the packet with a strict delay requirement). Meanwhile, in synchronous HARQ, the increased delay of re-transmission is fixed (un-controllable) and larger than that in the asynchronous HARQ.

[image: image2.wmf]1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

0

19

10

-

msec radio frame

Synchronous 

HARQ

1

2

3

4

5

0

4

2

3

4

5

0

1

2

3

4

5

0

0

1

4

5

2

3

4

5

0

1

2

5

2

Used for MBMS or Uplink 

transmission in TDD

Re

-

transmission

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

0

19

10

-

msec radio frame

Asynchronous 

HARQ

1

2

3

4

5

0

4

2

3

4

5

0

1

2

3

4

5

0

0

1

4

5

2

3

4

5

0

1

2

5

Re

-

transmission

* 

Minimum re

-

transmission interval 

is assumed to be six sub

-

frames

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

0

19

10

-

msec radio frame

Synchronous 

HARQ

1

2

3

4

5

0

4

2

3

4

5

0

1

2

3

4

5

0

0

1

4

5

2

3

4

5

0

1

2

5

2

Used for MBMS or Uplink 

transmission in TDD

Re

-

transmission

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

0

19

10

-

msec radio frame

Asynchronous 

HARQ

1

2

3

4

5

0

4

2

3

4

5

0

1

2

3

4

5

0

0

1

4

5

2

3

4

5

0

1

2

5

Re

-

transmission

* 

Minimum re

-

transmission interval 

is assumed to be six sub

-

frames


Figure 1 – Impact of MBMS sub-frames or sub-frames assigned for uplink transmission in TDD mode

· Impact of persistent scheduling

At the RAN1 Ad Hoc LTE meeting in Helsinki, persistent scheduling was proposed by several companies [5]-[7]. In persistent scheduling, for the services with frequent transmissions of small packets at regular intervals such as VoIP, long-term fixed resource allocation is performed in order to reduce the control signaling overhead. However, when synchronous HARQ is applied with persistent scheduling, some of the retransmissions are restricted due to the long-term fixed resource allocation. Figure 2 shows an example of the synchronous HARQ with persistent scheduling. We can consider two cases. When the persistent scheduled users are prioritized to the normal scheduled users, the retransmission of the normal scheduled user is postponed when the sub-frame of the regular retransmission timing is assigned to the persistent scheduling. Meanwhile, when normal scheduled users are given priority over the persistent scheduled users, the retransmissions of the persistent scheduled user may not be allowed due to the packet transmission of the normal scheduled user. However, when asynchronous HARQ is used, transmission of the retransmitted packet does not influence the transmission of the persistent scheduled traffic and vice versa. Therefore, asynchronous HARQ is more advantageous than synchronous HARQ from the viewpoint of the combination with efficient persistent scheduling.
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Figure 2 – Synchronous HARQ with persistent scheduling

· Impact of adaptive TTI

Adaptive TTI [8],[9] is beneficial in reducing the control signaling overhead. However, when the TTI becomes longer, the retransmission interval becomes longer. It is possible to fix the retransmission interval considering the maximum TTI length. However, in this case, low latency by using a short sub-frame (minimum TTI) disappears since the retransmission interval is restricted by the maximum TTI length. Therefore, to achieve efficient transmission using adaptive TTI, a variable retransmission interval according to the TTI lengths is desirable.

Assuming a variable retransmission interval according to the TTI length, in synchronous HARQ, it is not possible to retransmit a packet after the retransmission interval when a different TTI length is accommodated within a radio frame as shown in Fig. 3. On the other hand, in asynchronous HARQ, flexible assignment of the packet with a different TTI is achieved by the scheduler. Therefore, considering the adaptive TTI, the flexible packet assignment of asynchronous HARQ is advantageous.
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Figure 3 – Synchronous HARQ with adaptive TTI

4. Conclusion

This paper presented comparisons between asynchronous HARQ and synchronous HARQ from the viewpoints of the flexibility in the packet assignments and control signaling in the E-UTRA downlink. We conclude that asynchronous HARQ is preferred in the downlink prioritizing the flexible assignment of packets including retransmissions, although further detailed investigations are necessary.
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