
3GPP TSG RAN WG1 Meeting #46bis
R1-062533
Seoul, South Korea, 9-13 October, 2006
Agenda Item:
6.12.1
Source: 
Samsung
Title: 
Downlink Hybrid ARQ Signaling
Document for:
Discussion and Decision
1 Introduction
The conclusion on Hybrid ARQ from the joint RAN1/RAN2 meeting in Athens was that Asynchronous Adaptive Hybrid ARQ is supported in the E-UTRA downlink. However, further optimizations that potentially reduce the overhead could also be considered.  In this paper, we discuss a low overhead asynchronous adaptive hybrid ARQ approach that potentially reduces the signalling overhead. 
2 Low Overhead Asynchronous Adaptive Hybrid ARQ 
The major difference between synchronous non-adaptive and asynchronous adaptive (AA) hybrid ARQ from overhead perspective is that in AA Hybrid ARQ, the control signalling is sent with every retransmission. However, in low overhead AA Hybrid ARQ as described in this contribution, the control information transmission is not needed when the retransmission happens at a predetermined time using a predetermined transmission format as in synchronous non-adaptive Hybrid ARQ. Therefore, in the low overhead AA Hybrid ARQ proposal, the control signalling is always sent with the first transmission similar to the synchronous non-adaptive Hybrid ARQ scheme.  The control information is sent with retransmissions only when some or all of the retransmissions parameters such as timing, resource, or modulation etc. change. In case, the retransmissions happen at fixed retransmission timing in a synchronous non-adaptive fashion, there is no need for control information with retransmissions.
An example of the proposed low overhead AA HARQ is shown in Figure 1. In this example, we assumed 4 Hybrid ARQ processes for simplicity. The first subpacket is transmitted in subframe#1. The control information is always transmitted along with the first subpacket.  However, the retransmission of the second subpacket is delayed until subframe#12. The UE always tries to receive the retransmitted subpackets under the assumption of synchronous retransmissions. In this case, the UE expects a retransmission of SP2 in subframe#5.  Therefore, the UE assumes that SP2 is transmitted in subframe#5. Since the transmitter has preempted the transmission of SP2 with transmission X to another user, the UE expecting SP2 has no way of knowing if the transmission in subframe#5 is SP2 or some other transmission under the assumption of dedicated signalling per UE. Similarly, in subframe#9, the UE expects transmission of SP3 but the transmitter has performed another transmission Y to probably another UE. The UE tries to decode the information packet by combining SP1 and X after receiving X in subframe#5 and by combining SP1 with X and Y after receiving a transmission in subframe#9. The decoding obviously fails because the UE is combining wrong subpackets. After three unsuccessful decoding attempts, first in subframe#1, second in subframe#5 and third in subframe#9, the UE waits for transmission of SP4 in subframe#13. However, in subframe#12, the UE decodes a control signal indicating transmission of SP2. Upon receiving this control information, the UE knows that transmissions in subframe#5 and subframe#9 were not for it and therefore it discards X and Y while keeping SP1.  In subframe#12, the UE tries to decode the information packet by combining SP1 and SP2 only. The decoding fails and a retransmission of SP3 is now performed in a synchronous manner in subframe#16. In this case, no control information is transmitted along with SP3. After receiving SP3 in subframe#16, the UE combines SP1, SP2 and SP3 and decodes the information packet.
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Figure 1 Low overhead AA Hybrid ARQ operation in asynchronous manner
Another example of the proposed low overhead asynchronous HARQ is shown in Figure 2. In this example, the control information is only sent along with the first subpacket only. The retransmissions happens at fixed times in a synchronous fashion and there is no need to send control information with retransmissions. It should be noted that synchronous HARQ then becomes a special case of the low overhead asynchronous and adaptive HARQ.
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Figure 2 Low overhead AA Hybrid ARQ operation in synchronous non-adaptive manner
In the proposed low overhead AA Hybrid ARQ approach, the UE always buffer the subpackets that are received along with the control information. This is because there is no confusion about the subpackets that are received along with the control information. However, on reception of an asynchronous retransmission, the UE discards the transmissions that are received at synchronous timing without control information. This is due to the fact that reception of an asynchronous retransmission indicates pre-emption of previous subpackets to the UE on the same Hybrid ARQ process at synchronous timing that are actually transmissions to other UEs. However, it is also possible to indicate via control with asynchronous retransmission after a pre-emption how many of the previous synchronous retransmissions are valid.
In addition, in the low overhead AA Hybrid ARQ proposal, the number of NACKs may increase because when retransmissions to a UE are pre-empted, the UE tries to combine wrong information and therefore sends a NACK signal. A possible solution to this problem is to code the NACK signal with no energy ‘OFF’ transmissions while an ACK is coded with an ‘ON’ signal.

3 Overhead Estimates

In terms of asynchronous adaptive hybrid ARQ signalling, 3-bits of Hybrid ARQ process number and 1-bit of New data indicator is required as shown in Table 1 [1].  Assuming that total number of signalling bits in the downlink scheduling information are going to be around 40, this represents only a 10% overhead increase over a synchronous non-adaptive Hybrid ARQ. However, sending scheduling information with every retransmission contributes a larger overhead. This overhead is function of the operating FER target point for Hybrid ARQ that determines the average number of hybrid ARQ (re)transmissions per information packet. 
Table 1 Hybrid ARQ related information in the downlink

	Cat. 3
(HARQ)
	asynchronous hybrid ARQ 
	Hybrid ARQ process number
	3 
	Indicates the hybrid ARQ process the current transmission is addressing.

	
	
	Redundancy version
	2
	To support incremental redundancy. 

	
	
	New data indicator
	1
	To handle soft buffer clearing.

	
	synchronous hybrid ARQ 
	Retransmission sequence number
	2
	Used to derive redundancy version (to support incremental redundancy) and ‘new data indicator’ (to handle soft buffer clearing).


An example of the relative control overhead for synchronous HARQ, AA HARQ and low overhead AA HARQ is shown in Figure 3. The control overhead is shown as a function of pre-emption or retransmission adaptation probability. The overhead for synchronous HARQ is assumes as 1 indicating single control transmission per information block and no need for hybrid ARQ process number and New data indicator. The case with pre-emption or retransmission adaptation probability of zero corresponds to synchronous operation of low overhead AA HARQ. In this case, the overhead is only 1.1X that of synchronous HARQ due to the hybrid ARQ process number and New data indicator.  The case with pre-emption or retransmission adaptation probability of one corresponds to  AA HARQ. This indicates the case that even if there is no pre-emption or retransmission adaptation in AA HARQ, the control information is sent with every retransmission. For example, if the average number of HARQ transmissions per packet is two, the overhead due to AA HARQ is 2.2X that of synchronous non-adaptive HARQ. This accounts for additional 10% overhead due to hybrid ARQ process number and New data indicator and also the average of two control transmissions per information block.

The control overhead due to low overhead AA HARQ depends upon the operating scenario in terms of probability of pre-emption or adaptation of retransmissions as shown in Figure 3. In low overhead AA HARQ, the scheduling information is only sent when needed due to change in retransmission parameters such as timing, resource, and modulation etc. When the retransmission parameters do not change, there is no need to send the control information. As an example when the average number of HARQ transmissions per information packet is 1.8 and the probability of pre-emption or retransmission adaptation is 0.2, the overhead due to low overhead AA HARQ is only 1.28X the synchronous HARQ overhead. The overhead due to AA HARQ is 1.98X the synchronous HARQ overhead. This represents a saving of 45% in overhead with low overhead AA HARQ relative to AA HARQ.
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Figure 3 Control overhead for Synchronous HARQ, AA HARQ and low overhead AA HARQ
4 Conclusions

We described a low overhead asynchronous adaptive (AA) hybrid ARQ scheme. In this approach, the control information is sent with retransmissions only when some or all of the retransmissions parameters such as timing, resource, or modulation change. In case, the retransmissions happen at fixed retransmission time in a non-adaptive synchronous manner, there is no need for control information transmission with retransmissions. The proposed scheme, therefore, allows operation both in synchronous manner and asynchronous and adaptive manner. The overhead with retransmissions is only used when needed i.e. when retransmission parameters are changed. Therefore, the proposed scheme preserves all the benefits of asynchronous adaptive Hybrid ARQ while providing possibility of reduced overhead when retransmission parameters do not change. The proposed approach may result in increase in UE complexity because the UE decodes Hybrid ARQ retransmissions under the assumption of synchronous timing even when the retransmission to this UE is pre-empted by transmissions to other UEs.  Moreover, there is small additional overhead of carrying hybrid ARQ process number in the control with first transmissions even when the Hybrid ARQ operation is synchronous and non-adaptive.
We propose that possibility of not sending control information with hybrid ARQ retransmissions is supported when the retransmissions happen in a synchronous non-adaptive fashion. However, the control information is always sent with retransmissions when some or all of the retransmissions parameters such as timing, assigned resource units, or modulation change. 
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