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1. Introduction
This contribution describes the NACK/ACK design options for the 802.16m system. The ACK mechanism is critical in HARQ implementation. With well-designed ACK schemes, the transmission would be more reliable and the retransmission signaling could be reduced. NACK is another way of ACK, and by only reporting lost or corrupted packets, the signaling and controlling overhead for retransmission is small, saving more bandwidth for actual data traffic. With the contributed NACK/ACK schemes, it could provide reliable transmission and more flexibility to the system.  
2. NACK Schemes
NACK is the abbreviation for Negative Acknowledgement. As usual ACK reports the reception of every packet which is expected to be received from the BS by the MS, the NACK mechanism only gives out ACK for data which are not successfully received. The BS would trigger retransmission only when receiving NACK, and other data packets are dimmed as correctly transmitted. The NACK scheme gains advantages over normal ACK as if there are fewer transmission failures than success, the ACK transmission times are less and thus resulting in less signaling for transmission. In this contribution, we proposed 3 NACK schemes: parallel NACK scheme, Busy Tone NACK scheme, and NACK-preamble scheme. These schemes could be used separately or combined to provide more efficient HARQ mechanism.
From the meaning of ACK, the ACK could be divided into two types: explicit and implicit ACK. Explicit ACK means that explicit signaling messages are sent from the receiving MS to BS, while implicit ACK does not rely on direct message transmission and uses other mechanisms to detect whether the MS has received the data packet or not. For the 3 proposed NACK schemes, parallel and Busy Tone schemes are explicit ACK and the NACK-preamble are some mixed up of the explicit and implicit ones. The details of the 3 mechanism are described in the following sections.
3. Parallel NACK Scheme
For the parallel NACK scheme, each MS is assigned a unique radio resource block by the BS. All the MSs which intend to transmit NACK could make the acknowledgement in the same frame. That is, different MS, owning respective radio resources, could transmit in parallel. The radio resource could be different time slot, frequency channel, CDMA coded channel, OFDM channel, or other wireless channel, depending on the system requirement criteria or traffic characteristics. The parallel NACK scheme gains advantages due to its multiple transmission method. Multiple nodes could report their packet loss in the same frame, giving the BS more information about the channel state and characteristics of the packet loss. The BS could manage more efficient retransmission in the following frames, like constructing low-cost retransmission trees from the harvested NACK info. If the transmission is for multicast/broadcast service, this would be of great help for the MBS.
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The figure above is the illustration of the parallel NACK scheme. From the figure, we could see that each MSs, from MS #1 to MS #5, are given a separate time slot for the NACK report. As MS #1 and #3 fail to receive certain packet(s), they send NACK in their own parallel NACK slot, and the BS retransmit the lost data packet in the following retransmission period. In this illustration, the time slot method is used. However, other methods which have been named above could be applied to implement parallel NACK scheme.
4. Busy Tone NACK Scheme
The Busy Tone is the word for a specific message. Busy Tone could be a predefined sequence/code to be transmitted at a given time, or a transmission operation over a preconfigured wireless channel. MS has to transmit Busy Tone to the BS to indicate NACK, meaning that it anticipates receiving some data block and does not actually get it. For the BS, it may receive 1 or more negative feedback, and therefore the BS knows at least 1 MS does not receive the block, which triggers the BS to perform retransmission. Utilizing the fact that any receiving Busy Tone indicates data loss, the NACK scheme is simpler and the BS could initiate the retransmission immediately. If there are necessities for distinguishing where the Busy Tone is from, different CDMA code could be used for each MS’s Busy Tone.
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The above figure is the illustration of the Busy Tone NACK scheme. In this illustration, the Busy Tone is implemented using the prior scheme, a predefined sequence/code to be transmitted at a given time. As we could see, in the BS downlink transmission of data 1, there is no transmission error in the MS group. Therefore no Busy Tone is transmitted in the dashed-line block, and no retransmission is done. In data 2’s transmission, the MS #3 does not receive it, pushing out the Busy Tone in the red block, and the BS performs retransmission accordingly. For data 3, both MS #1 and #3 do not receive the data, and two Busy Tones are sent. As the lost packet is the same, even if the BS might receive two Busy Tones or some collided/corrupted Busy Tone, the BS still knows that it has to retransmit data 3.
5. NACK-preamble NACK Scheme
The NACK-preamble NACK scheme is to inject NACK-preamble into the NACK design. The NACK-preamble is a predefined sequence, indicating the NACK message which is transmitted successively. If the BS receives NACK-preamble from 1 or more MSs, then the BS knows that at least 1 MS does not receive the data block. For the following NACK Information Element, the actual NACK message, it will include the detail information of the NACK, containing data like node ID, channel state information, HARQ parameters and configuration, and other info that might be helpful for data retransmission. This scheme is much more helpful for BS’s configuration on data packet transmission, because it provides more flexibility. If the NACK IE could be successfully received, the BS could collect information from all the MSs reporting data loss and setup the retransmission more efficiently. If there are collided NACK IE, the NACK-preamble could still be received as the preamble is small in size, requires little transmission time and thus having little probability of collision. In this case, the NACK-preamble could still indicate data loss and inform the BS to initiate retransmission. The flexibility is the most powerful advantage for this scheme.
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The figure above is the illustration of the NACK-preamble NACK scheme. In NACK-preamble scheme, the NACK mechanism is done by the NACK-preamble and NACK IE. The NACK-preamble indicates that there is a following NACK IE after the preamble, and the NACK IE contains the details of the NACK information. If there are some collisions or loss for the NACK IE, which is longer in data length and more likely to be wrong, as the BS could still receive the NACK-preamble, BS can know that there are one or more MS not receiving the data block and trigger the retransmission.

6. Positive Feedback - ACK
While NACK could save retransmission signaling cost, there are still some cases that ACK is more adequate for use, like environment with higher data block error probability. We provide 3 different ACK schemes here.
(1) Parallel ACK

In parallel ACK, each MS is allocated a unique radio resource block which could be used for ACK. This scheme is similar to NACK, and could be applied simultaneously with parallel NACK. The allocated radio resource block could contain either a parallel ACK or parallel NACK, depending on the channel state, traffic pattern, or system requirement. The same as the NACK one, the parallel ACK scheme benefits by the multiple ACK transmission and makes more economic retransmission.
(2) Polling ACK

In polling ACK, the MS transmit ACK only when the BS polls the MS for feedback mechanism. The ACK could include reception condition, like the receiving channel state, of multiple data packets that are transmitted in a time period. The polling ACK owns the advantages of flexibility in ACK reporting. If the certain MS requires more retransmission than the others, the BS could increase the frequency of polling and check if there is necessity for retransmission. Otherwise the polling period could be longer and it could save the signaling overhead.
(3) Periodic ACK

BS has to configure the ACK sequence for the MS. That is, according to the BS’s setting, the MS has to send ACK periodically to report the data reception status in the preconfigured time period. The periodic ACK gives more information richness. The BS is periodically informed of all subordinate MS’s reception status, like the CSI, and is therefore more capable of utilizing the radio for the transmission, like making more efficient transmission by sending data blocks to more stable nodes first. More efficient modulation and coding could be used, and the QoS class could be adjusted accordingly. If different period length is set for different nodes, the ACK overhead could also be reduced.
7. Integrated Schemes

Although in the above sections, the NACK/ACK schemes are given separately, these mechanisms could be applied simultaneously to provide better acknowledgement efficiency and flexibility. Here we provide a combination scheme of Busy Tone NACK and periodic ACK. The two mechanisms could help each other’s operation.
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The above figure illustrates the combined scheme. With the busy tone NACK, the MS could receive the lost packet as soon as possible as the BS would perform the retransmission on receiving the Busy Tone NACK. The periodic ACK contains the cumulative info of all the transmission within the period. This would give BS more helpful information on adjusting the length of the ACK period and BS data. With better channel state, BS might gather the ACK less frequently and utilize the radio resource for data transmission. 

The combination scheme would possibly acquire the advantages of the combined method and filter out the shortcoming. For example, the Busy Tone might be at disadvantages for the simple NACK scheme causing difficulties in clearly analyzing the reason for data loss, and the period ACK would suffer from bigger retransmission delay as the retransmission should be done after the end of each ACK period. Combining these two methods, the cons are compensated by each other’s pros and both methods’ advantages are still preserved.
8. Proposed Text for SDD
For reliable and efficient transmission, Acknowledgement (ACK) and Negative Acknowledgement (NACK) are crucial for the HARQ operation. The ACK and NACK mechanism could operate on specific preconfigured feedback channels for better efficiency. The number of preconfigured channels could be the same as the number of nodes for parallel ACK/NACK, or less to reduce the signaling overhead. The BS, if it detects one or more NACK from the subordinate MS, could initiate retransmission immediately.

The design of ACK and NACK should be able to operate on the original data channel, or dedicated preconfigured feedback channels. The ACK and NACK could be transmitted immediately for fast retransmission, or be sent periodically to reduce signaling overhead. Immediate ACK/NACK feedback could be used for fast retransmission. Delayed ACK/NAC feedback, which has cumulative feedback information, could be used to reduce signaling overhead. The ACK scheme may integrate with NACK scheme to provide better system design flexibility.


  


