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Relaxation of H-ARQ downlink buffer size limitation 

Amir Rubin, Dov Andelman, Yuval Lomnitz
Intel Corporation 
Introduction
Currently in 802.16e the amount of throughput that benefits from HARQ combining in the downlink has an upper bound. This upper bound aims to strictly guarantee that HARQ throughput would not exceed buffering capabilities of the SS. However, if the link adaptation mechanism of the BS aims an error rate of HARQ sub-bursts that is well below 1, this upper bound is far below the actual throughput capabilities of the BS – SS air-link connection.
For example, if the BS aims (with its link adaptation) HARQ sub-bursts error rate of 0.1, 16 HARQ DL channels are roughly equally loaded with bits and the total amount of coded bits is twice the buffer size, the buffer would very rarely fail to store erroneous sub-bursts. In such case it is unwanted for the DL HARQ throughput to be limited as currently in the standard. The BS should be allowed to increase the throughput aiming to maximize air link utilization, while considering its link adaptation and SS buffering capability.
Clearly, as the BS increases the throughput above the buffering capabilities of the SS, the likelihood of occasional HARQ sub-burst not gaining from HARQ combining increases. To maximize successful DL throughput in such cases, the SS should attempt to receive the HARQ sub-burst and send ACK/NACK according to the reception success. In the example where sub-burst error rate is 0.1, this operation manner prevents significant throughput damage even in the rare cases of buffer unavailability.
In order to utilize the potential gain we need two changes:
1. Allow BS to exceed the buffer limitation (by sending more bits over all H-ARQ channels)

2. Define SS behavior:

a. When can BS consider that bursts correctly received are removed from the SS buffer

b. The SS behavior when the sent traffic doesn’t fit in the remaining buffer

Notes and details
The change is applicable only to the downlink and mostly to aggregate H-ARQ buffer. 
Regarding the time at which BS can consider than a burst correctly received is removed from the buffer: a possible definition is that if a burst was sent and received correctly in frame n, then it can be considered removed from the buffer in frame n+t (we assume n+1 considering implementation delays) and therefore allocation can be made in frame n+k (we consider n+2); However for t=H-ARQ ACK delay, it is equivalent to defining that once an ACK was transmitted, the buffer is released. The BS doesn’t need to listen to the ACK/NACK if it is applying a statistical/opportunistic scheme and can already allocate the burst in frame n+(H-ARQ ACK delay)+1 (e.g. n+2 if ACK delay=1). In addition, the BS may exceed the buffer size earlier assuming SS may release the buffer sooner than the ACK transmission (but we do not strictly require this from SS)
Regarding the SS behavior when the sent traffic doesn’t fit in the remaining buffer, we define that the SS should avoid using combining for the new bursts. We do not define the mechanism to choose which bursts are combined.
Note that exceeding buffer size is something which the SS needs to handle even in the current state of the standard, since DL-map loss can lead to such situations (for example size of buffer allocated to channel #1 is reduced by sending smaller burst than the previous, however SS misses the relevant map).
Suggested remedy

11.8.3.7.19 HARQ buffer capability

[Make the following changes in the paragraph in p.1188, rows: 56 – 60]
When aggregation flag is set, the sum over all HARQ channels, of the number of bits that were allocated in the HARQ channel in the last transmission, must not exceed the buffer size supported by the SS equals the “Number of bits per channel” multiplied by the maximum number channels supported by the SS, and this buffer is used jointly for all HARQ channels. Note that sum total of the data bits supported is the same in both cases is the same. The number of channels supported by the SS is indicated in 11.8.3.7.3.”
In the UL, the sum over all HARQ channels, of the number of bits that were allocated in the HARQ channel in the last transmission, must not exceed the buffer size. In the DL, exceeding the buffer size is allowed, with the following definition: the bits of an H-ARQ burst are accounted for in the buffer at the frame the burst is first transmitted to the SS, and are un-accounted when the SS sends an ACK. If the number of bits in H-ARQ bursts transmitted to the SS in a given frame exceeds the remaining buffer size the SS may attempt to receive some of the bursts without storing them in the buffer, and thus H-ARQ combining will not be applied for these bursts.

  


