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Clarification about mapping PDUs to PHY bursts 

Aran Bergman
Intel
Introduction
Figure 391 in page 152 assumes there is some order between bursts and that PDUs are mapped into bursts according to their order, but the order between concurrent bursts in the same subframe is not defined anywhere in the standard and neither is the order in which PDUs are mapped to bursts.

This order may be important for bursts containing 2 fragments of the same SDU. If ARQ is not used for such an SDU (e.g., for multicast and broadcast connections) the defragmentation algorithm in the receiver may drop the SDU if the receiver processes the burst with the second fragment before the burst with the first fragment. Processing the bursts in the same order that the transmitter used can also be important for efficient receiver operation.
The maximum burst size is 14350 bytes (for the MAC). If the ABS wants to send more bytes in a subframe (which is possible for 3 and 4 streams on the DL), it has to use another burst. Other reasons for including more than one burst which include SDUs from the same connection is the quantization of the size of the allocations. E.g., if the ABS wants to send 3300 bytes, it cannot use a single burst (without 300 bytes of padding), since the closest burst sizes are 3000 and 3600, so it would have to use 2 bursts – one of 3000 bytes and the other of 328 bytes (or some other combination).
Broadcast and multicast bursts do not use HARQ and using the reordering mechanism and buffers to solve the issue seems like an overkill / waste of resources – better to have a single defragmentation machine (as in 16e), without a reordering buffer, but for this to work, the receiver must process the bursts in the same order as the transmitter.

Examples of situations in which the mapping order is important and where a definition of mapping order can help are illustrated below:
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Figure 1 - mapping order between concurrent bursts
In Figure 1 we can see that on the leftmost subframe the transmitter can send the first fragment of an SDU (marked SDU F1) of some flow to Burst B, while the second fragment (SDU F2) is mapped to Burst A. If the receiver processes burst A before B, it would discard the SDU (since it would be missing the first fragment of the SDU when the second fragment is first processed) if the flow is not ARQ-enabled and if the reassembly algorithm resembles the algorithm defined in 16e. If the flow is ARQ enabled, the receiver will need to save SDU F2 in the reordering buffer and only after receiving SDU F1 and correctly reassembling the SDU it will be able to deliver the SDU to the upper layers. This increases receiver processing, buffering and overheads needlessly.
On the rightmost subframe we can see SDUs 1 to 3 mapped first to Burst D and the next SDU (SDU4) mapped to Burst C. If the receiver first processes Burst C, it will have to buffer SDU4, since it is out-of-order, and only after processing Burst D it will be able to correctly deliver the SDUs in-order to the higher layer. Again – this calls for needless buffering and processing in the receiver. Also, as the transmitter is not limited in mapping PDUs into bursts and assuming for this example that packing is not used, it may also map SDUs 3 and 1 to Burst C (in this order – SDU3 before SDU1) and then SDUs 4 and 2 in Burst D.

In Figure 2 we can see some possible mapping short and long TTIs that are partially concurrent. In the left part we can see a transmitter mapping PDUs (assuming no packing) according to PDU start time, which may be beneficial for the transmitter, but would problematic for the receiver. It also complicates the transmitter, as it has to estimate the PDUs starting times. The right part of Figure 2 is similar to the example given in Figure 1, but extends this to concurrent Lont TTI and Short TTI bursts.  
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Figure 2 - mapping order between long and short TTIs
In Figure 3 we see possible (problematic) transmitter behavior when the long and short TTI bursts do not start at the same subframe. In the left part of the figure, we see, again, a transmitter sending SDUs according to transmission start time of the SDU (or PDU) itself. In the right part we see that the first fragment of an SDU is transmitter in a burst (Burst D) that starts later than Burst C which contains the second fragment of the same SDU. If the receiver processes bursts according to start time, it will processes the second fragment first.
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Figure 3 - mapping order between long and short TTIs starting at different times
Proposed Text Changes
[-------------------------------------------------Start of Text Proposal---------------------------------------------------]

[Add a new section]

16.2.4.x Mapping PDUs to Bursts

PDUs containing payloads of some FID shall be mapped to bursts according to burst order. Within a burst, PDUs containing payloads of some flow shall be ordered according to SN. No order is assumed between PDUs containing payloads of disjoint FIDs (i.e., if two PDUs do not contain payload from the same FID, there is no specific order assumed between them).
The order of bursts is defined according to the following:

· bursts starting in different subframes are ordered according to the start time (a burst that starts in subframe 0 comes before a burst that starts in subframe 1, even if the burst that starts in subframe 0 is a Long TTI burst, which would end after a short TTI burst in subframe 1);

· bursts starting in the same subframe shall be ordered according to the logical LRU in which the burst starts.
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