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1. Introduction
To improve uplink performance, Enhanced uplink (EUL) may adopt some new functionalities such as HARQ adopted in HSDPA. HARQ is also included in feasibility study on uplink enhancements for UTRA TDD [1]. There are some retransmission schemes for HARQ such as synchronous, asynchronous in terms of scheduling timing and adaptive, non-adaptive in terms of transmission attributes, e.g., the Resource Block (RB) allocation, Modulation and transport block size, and duration of the retransmission [2]. In this contribution, these schemes are compared from several aspects. Finally, a conclusion from the comparison is drawn and is proposed for HARQ scheme of 1.28Mcps TDD Enhanced Uplink.
2. Comparison of several retransmission schemes

As mentioned in [2], for N-channel Stop-and-Wait protocol, HARQ retransmission schemes can be classified as being synchronous or asynchronous:

· Synchronous HARQ implies that (re)transmissions for a certain HARQ process are restricted to occur at known time instants. No explicit signalling of the HARQ process number is required as the process number can be derived from, e.g., the sub-frame number. 
· Asynchronous HARQ implies that (re)transmissions for a certain HARQ process may occur at any time. Explicit scheduling signalling of the HARQ process number is therefore required.
Also, in terms of transmission attributes, e.g., the Resource Block (RB) allocation, Modulation and transport block size, and duration of the retransmission, HARQ retransmission schemes can be classified as being adaptive and non-adaptive:

· Adaptive implies the transmitter may change some or all of the transmission attributes used in each retransmission as compared to the initial transmissions (e.g. due to changes in the radio conditions). Hence, the associated control information needs to be transmitted with the retransmission.
· Non-Adaptive implies that changes, if any, in the transmission attributes for the retransmissions, are known to both the transmitter and receiver at the time of the initial transmission. Hence, the associated control information need not be transmitted for the retransmission.
In principle, synchronous or asynchronous scheme can be associated with adaptive or non-adaptive scheme for some flexibility, then there are four schemes: synchronous adaptive, synchronous non-adaptive, asynchronous adaptive and asynchronous non-adaptive.
Firstly, a comparison of synchronous and asynchronous schemes for 1.28Mcps TDD is provided in table 1. 
Table1: Comparison of Synchronous/Asynchronous HARQ scheme for 1.28Mcps TDD
	
	Synchronous(with non-adaptive scheme)
	Asynchronous(with adaptive or non-adaptive scheme)

	Signalling

overhead
	Uplink
	Process ID: 0bit
	Process ID: 3bit (e.g. 8 processes)

	
	Downlink
	1×Nschedulingbits per TB

(The scheduling signalling need be transmitted only for the initial transmission with non-adaptive scheme.)
Nscheduling is the number of scheduling signalling bits.
	NaveTrans* Nschedulingbits per TB

(The scheduling signalling need be transmitted for all transmissions.)
NaveTrans is the average number of transmissions for each TB, and Nscheduling is the number of scheduling signalling bits.

	Delay
	Retransmission delay
	Might be shorter. 

（Cause 1: the retransmission time is predefined, and the physical resources should not be occupied by other data transmissions.
Cause 2: the retransmission time is predefined without any changes according to channel condition variations.)
However, the time up to successful transmission depends on channel condition and RoT condition.
	Might be longer. 

（Cause 1: the retransmission may be delayed because the physical resources may be occupied by higher priority data transmissions.
Cause 2: the retransmission may be delayed until the channel condition turns good.)

However, error probability per transmission may be the lowest because of full flexibility for retransmission in good condition at UE.

	
	Higher priority

data delay
	Might be longer.
（Higher priority data transmission may be delayed until the physical resources occupied by lower priority data are released.）
	Might be shorter.

（Higher priority data transmission may be scheduled without having to wait, which is beneficial for the situation that UE may not release the physical resources in bad channel conditions until reaches the maximum transmission number limit.）

	Soft buffer requirement for reordering entity
	Time needed to wait in reordering entity may be shorter;

Reordering soft buffer size may be smaller.
	Time needed to wait in reordering entity may be longer;

Reordering soft buffer size may be larger.

	Scheduling algorithm
	Simple but less flexible;
(Re)transmission time is predefined.
	Complex but more flexible;
(Re)transmission time is arbitrary.

	RoT
	Can not be strictly controlled by Node B.
(The UE has to retransmit in predefined timing without scheduled signalling from Node B，which may cause the exceeding of RoT limits.)
	Can be strictly controlled by Node B.
(The UE can adjust its Tx power according to scheduling signalling from Node B, so as to meet the demand of RoT limits during retransmissions.)

	ACK/NACK signalling error
	a) ACK－>NACK: see Figure 1.
b) NACK－>ACK: see Figure 2.
(Note that, for 1.28Mcps TDD uplink, the physical resources are limited.)
	a) ACK－>NACK: see Figure 3.

b) NACK－>ACK: see Figure 4.

(Note that, for 1.28Mcps TDD uplink, the physical resources are limited.)


The following sketched figures try to explain error cases for synchronous non-adaptive scheme and asynchronous scheme. With the fact that the physical resources are limited for 1.28Mcps TDD uplink, for simplicity, it is assumed that there are two UEs in the system and each UE will occupy all the physical resources once scheduled.
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Figure 1: ACK to NACK error case for synchronous non-adaptive scheme
Note 1:
(1) NACK received at UE#1(Node B transmits ACK in fact), UE#1 retransmits the packet data in buffer.
(2) UE#2 is scheduled by Node B (because Node B knows that ACK has been sent to UE#1), and may start transmissions on the physical resources used by UE#1 just now.
(3) Data received at Node B are mixed packet data from UE#1 and UE#2, because UE#1 and UE#2 transmit their packet data on the same physical resources with the same scrambling code in the cell (which will not be encountered in FDD system where each UE is assigned a unique scrambling code); so, decoding will be erroneous at Node B, and then Node B sends NACK to UE#2.

(4) UE#1 performs decoding on the feedback signalling channel although Node B only sends NACK to UE#2; then, NACK will also be obtained by UE#1 because UE#1 and UE#2 occupy the same physical resources.
(5) Then, UE#1 may retransmit the packet data in buffer again on the physical resources scheduled to UE#2 already, except that the maximum transmission number limit is reached.
(6) Physical resources collisions will be encountered again. Thus, there is no probability for the packet data be correctly decoded until UE#1 receives ACK or reaches the maximum transmission number limit. Even though, only if the packet data is self-decodable, decoding may be successful; otherwise, the packet data may be combined with that received previously, and more severely the maximum transmission number limit may be reached by UE#2, and then the retransmission procedure will be left to higher layer.
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Figure 2: NACK to ACK error case for synchronous non-adaptive scheme
Note 2:

(1) ACK received at UE#1(It should be NACK actually), UE#1 will flush the HARQ buffer and will not start a transmission until scheduled.
(2) UE#2 can not be scheduled because Node B considers that UE#1 will retransmit the packet data on the physical resources; hence, the physical resources will be wasted at that time instant.

(3) Decoding of packet data received at Node B will be erroneous (In fact, the data received at Node B is totally noise), so Node B sends NACK to UE#1.

(4) According to the HARQ timing relation, UE#1 will not receive the NACK on the feedback channel. Thus UE#1 will not initiate a transmission until scheduled. Then, this procedure goes on until the maximum transmission number limit is reached. So, more physical resources may be wasted. Moreover, the retransmission of packet data incorrectly received by Node B will be eventually left to higher layer procedure.
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Figure 3: ACK to NACK error case for asynchronous scheme
Note 3:

(1) NACK is received at UE#1(It should be ACK actually) while scheduling signalling is not, and UE#1 will not start transmission until scheduled.

(2) UE#2 is scheduled by Node B (because Node B knows that ACK has been sent to UE#1), and may start transmission on the physical resources used by UE#1 just now.
(3) Packet data received at Node B is from UE#2 and will be decoded as the usual procedure.
(4) UE#1 is scheduled again, and then UE#1 will retransmit the packet data in buffer because NACK has been received last time.
(5) Therefore, Node B receives again the packet data which has been correctly decoded by the last transmission. And then, the packet data will be discarded at the reordering entity.
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Figure 4: NACK to ACK error case for asynchronous scheme
Note 4:

(1) ACK and scheduling signalling received at UE#1(It should be NACK actually), UE#1 starts a transmission of a new packet data.
(2) Node B receives the new packet data transmitted by UE#1(whether or not the packet is new may be signaled to Node B), and then the new packet data will be decoded as usual procedure. Hence, the retransmission of the first packet data mentioned above will be left to higher layer procedure, which is the same as that in HSDPA.
(3) UE#2 is scheduled and will transmit a new packet data as usual procedure.
From figure 1, it can be seen that ACK to NACK signalling error introduces severe resources collisions between different UEs, and may let UEs reach the maximum transmission number limit and then the retransmission will be left to higher layer procedure, thus introduces great packet delay and resource waste.
From figure 2, it can be seen that NACK to ACK signalling error not only lead to significant resource waste, but also leave the retransmission of the incorrectly received packet data to higher layer procedure eventually, thus introduces large delay.

As seen from figure 3, ACK to NACK signalling error may result in retransmission of the correctly received packet data, thus leads to resource waste, which is the same as that in HSDPA.
Also, it can be seen from figure 4 that NACK to ACK signalling error may result in additional packet data delay, because the retransmission of the incorrectly decoded packet will be left to higher layer procedure, which is the same as that in HSDPA. However, this will not result in resources collision when compared with synchronous non-adaptive scheme, thus will not let UE reach the maximum transmission number limit on this point.
As for synchronous adaptive scheme, the signalling overhead becomes almost the same as asynchronous scheme; therefore, there remain little benefits over asynchronous scheme on this point.
Most important of all, the physical resources for 1.28Mcps TDD uplink are limited, then asynchronous scheme:

· allows some flexibilities of scheduling and resources allocation; 
· can support TDD DTX mode more efficiently for the characteristics of asynchronous scheme interpreted above. 
With the adaptive scheme:

· Node B can optimally allocate the retransmission resources by changing the retransmission attributes such as Modulation , transport block size and so on, e.g. with variations in the radio conditions and variations of the number of UEs in the cell;

· the flexibility for the selection of redundancy version (RV) parameters and for the algorithm optimization remains for us. 
The cost of asynchronous adaptive scheme is some additional signalling overhead and rising scheduling algorithm complexity, which is evaluated worthy for 1.28Mcps TDD system.
3. Conclusion
Based on the above comparisons and considerations, we believe that asynchronous adaptive HARQ scheme is suitable for 1.28Mcps TDD Enhanced Uplink. We therefore recommend that asynchronous adaptive HARQ scheme be defined as the working assumption for E-DCH operation.
These results should be considered to decide the detail of HARQ. 
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