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HARQ with an Adaptive N Packets Transmission
Mamadou Kone, Ming-Hung Tao, and Ying-Chuan Hsiao
ITRI
1- Motivation

Since the wireless channel is error-prone, it is inevitable that some data packets may be lost during the transmission. HARQ with N channels Stop and Wait (SAW) provides fast response to packet errors and improves cell edge coverage. It further improves transmission reliability when supporting Chase combining or Incremental Redundancy transmission.

According to IEEE 802.16m system requirement [1], “ 802.16m should minimize complexity of the architecture and protocols and avoid excessive system complexity.” Also, “IEEE 802.16m shall enable the advanced RRM for efficient utilization of radio resources. This may be achieved by appropriate measurement/reporting, interference management and flexible resource allocation mechanisms.”
The current HARQ with N channels Stop and Wait scheme cannot meet this requirement, especially in the case of communication from BS to MS: memory requirement for re-ordering buffer increases with retransmissions, stalling occurs, BS overall performance decreases with persistent channels errors.
Therefore, it is desirable to use a HARQ with an Adaptive N Packets Transmission with a limited re-ordering buffer size for MS to comply with the memory requirement and stalling. Furthermore, this may enhance BS flexible utilization of its resources and increase DL HARQ performance without extra overhead. Another benefit of minimizing the protocol complexity is to simplify the design of MAC operations from BS to MS.

2- Problem statement
In HARQ with N channels Stop and Wait (SAW), there are likely two kinds of buffer; the first is the soft buffer containing the erroneous packet for soft combining per channel and the second, the re-ordering buffer which hold the out of order packets.
When a packet has to be retransmitted several times, the other channels still can receive packets that have to be buffered in the re-ordering buffer until the missed packet is recovered. The soft buffer only needs to keep a copy of an erroneous packet for soft combining to recover the packet. 
Every CID has a Number of bits per channel to buffer the total number of bits received on each HARQ channel (soft buffer). There is a possibility to share the total number of bits allowed on N channels. 
However, when retransmissions occur for the same packet (s) the additional unordered packets buffering memory requirement increases with the number of retransmissions. In other words, the main complexity of the N channels SAW resides in the independency of the N channels per CID.
Take the case of 3 channels HARQ, with a maximum of four (4) retransmissions over a channel, if one packet is retransmitted 4 times before being recovered as in figure 1, the memory requirement to buffer the additional unordered packets could be:

First packet error: (2)+(3-1)*4=10 packets in re-ordering buffer and 1 packet in soft buffer
Second packet error: (3-2)+(3-1)*4=9 packets in re-ordering buffer and 1 packet in soft buffer, etc.
It goes without saying that this memory requirement for buffering increases with the number of channels. The same example for a six (6) channels SAW with the same number of retransmissions:

First packet: (5)+(6-1)*4=25, etc., and
Sixth packet: (6-6)+(6-1)*4=20
Note that the memory requirement decreases when the number of channels (or packets) retransmitted increases. Because there is less stalling but more buffering per channel.
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Figure 1. HARQ 3 channels SAW 
Another issue related to N channels SAW is the overall performance of BS when several retransmissions are sent. BS retransmits the same data packets (s) along with additional packets transmission on other channels until the maximum number of retransmission is reached or the data being recovered from soft combining. This situation may reduce BS multi-user diversity gain or flexibility in bandwidth management without any consistent performance gain; instead, MS will be stalling the additional packets from the remaining channels. 
3- HARQ with an Adaptive N Packets Transmission 
3.1 General concept
Instead of several logical channels per CID to send HARQ packets, we propose to determine a fixed re-ordering buffer size, m, and send N=m/2 HARQ packets for each CID. This operation can limit MS memory requirement and stalling when enhancing the HARQ performance and BS overall throughput. 
Thus, BS uses a HARQ with an Adaptive N Packets Transmission and MS should have a predetermined re-ordering buffer size for each CID to comply with the memory requirement and stalling. The size m of buffer could be negotiated by MS for each CID and be proportional to the number N of packets, desirably m=2*N for less stalling capacity. We do not need N logical channels to avoid independency in sending data.
At each NAK, BS retransmits first the erroneous packet (s) along with additional packets according to the re-ordering buffer size. This operation is repeated at each retransmission with adaptively additional packet(s) until only the erroneous packet (s) can be sent. 
At that point, BS can use more robust coding scheme to send the erroneous packet(s) and use the free radio resources, from not sending the additional packets, for multi-user diversity gain and flexible bandwidth management. Another possibility, instead of robust coding of the packet(s), is to occupy the N packets allocation to send more copies of the same packet(s) as possible, increasing the probability of recovering the packet (s). This operation reduces MS utilization of the UL ACK/NAK channel.
In this scheme, BS is not obliged to send exactly half of the CID’s buffer size, but its number of packets transmission is bound by that number. 
The scheme works as a Stop and Wait of each packet transmission, with more packets sent along with each retransmission according to the CID’s buffer size and the upper bound N.
Hence, according to its memory capacity, MS can control the number of packets to be stalled per CID and the higher layer may then recover the missed packets in case of failure of recovering.
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Figure 2.  Proposed HARQ with 3 Adaptive Packets Transmission Scheme
3.2- Comparing previous scheme and proposal
In the previous scheme, a HARQ with 6 channels SAW could buffer up to 21 packets when four (4) retransmissions of a packet occur in the fourth channel. Be it the first channel to be retransmitted four times, the buffering could reach 26 packets stalled. 
Lessening the number of channels and/or retransmissions could resolve the memory requirement and stalling to some extent. In the other hand, this operation can reduce BS efficient utilization of radio resources when available and transmission error rate is low. In the same order, a small number of retransmissions could reduce the possibility of recovering a missed data.
To break the dilemma, BS should be able to use fully its resources when error rate is low and still be able to reduce the number of additional packets sent when the number of retransmissions is increasing (limiting stalling). Furthermore, Bs should be able to speed up the HARQ packet recovery in case of bad channel condition. 

That’s what our proposal aims to do without affecting the throughput. At the contrary, potentially more packets can be sent for a limited buffer size, which can even improve the DL HARQ throughput when the error rate is low.
Supposing MS can support 12 packets memory requirement per CID, and the number of retransmissions limited to three (3). In the proposed scheme, a BS with sufficient resources could transmit up to six (6) packets per CID without any buffer issue. Instead, when several retransmissions occur, BS will only send the erroneous packet(s) to comply with the buffer size (in more robust coding scheme for retransmission reliability). 
Furthermore, the precious radio resource left from not sending additional packets can be used for sending more copies of the same packet(s) or for multi-user diversity gain. This operation can boost the HARQ performance and BS overall throughput. Unlike the previous scheme where the same buffer may roughly correspond to 4 channels SAW at the best, and any further increase of the number of channels may increase the memory requirement without additional gain.
3.3- The proposal strength over other possible solutions

Some may argue that using N channels SAW with some patches may be a solution. Such patches could allow MS to prevent BS of sending all N channels when memory requirement increase, but only the missed packet(s). However, not only this will be against the semantic of the N channels SAW, but it may have consequences in terms of overhead just to be able to operate as our proposal. 
The reason is that N channels SAW is defined based on the independency of the channels transmission and ACKs/NAKs reception. As long as a channel receives an ACK, at the next transmission opportunity it should send new packet. Preventing some channels of transmitting, when the transmission condition is good, makes the existence of channels SAW obsolete. Also, any signaling involved with BS to inform of the new state of the buffer will constitute a burden that could be avoided. 

Another possible solution could be to delay the transmissions when the retransmission number is increasing. The obvious consequence is longer latency in channel processing without necessarily resolving the problem. 
Thus, all these changes to the actual scheme hardly improve the DL HARQ performance and BS radio resource use. 
Therefore, our proposal can be an efficient solution to tackle this issue, at the same time increasing the probability of recovering a packet and giving more flexible bandwidth management without overhead.
The trade-off to take in account is a better throughput for longer process delay of packets when error rate decreases. Furthermore with a judicious choice of retransmission timing, the scheme could greatly enhance the DL HARQ performance with less overhead.
The different control messages between BS and MS to support this scheme are FFS, and will be defined later along with the simulation. 
4. Proposed text for SDD
[Insert the following into section 6 of [2]]

--------------------------------------- Text start ---------------------------------------------

6.3.1x MAC support of HARQ 
The HARQ scheme may also support multiple data blocks per connection for DL HARQ. A limited buffer size is negotiated by MS for each CID and the number of data blocks sent by BS should be at most half of that buffer size.
These data blocks are distinguished by an Identifier, which is uniquely identified by the control information carried in the MAPs.

--------------------------------------- Text end -----------------------------------------------
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