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Introduction

In the discussions after the last RAN2#44 meeting, it was considered, that pre-emption can be beneficial together with fully synchronous HARQ as used in E-DCH. 

The reason is, that without pre-emption, the scheduling of upcoming higher priority packets could be delayed for an unacceptable period of time, in case that all HARQ processes are occupied by low priority flow retransmissions. 

As a result of pre-emption, the MAC-es PDUs contained in the aborted process are not transmitted and may be re-scheduled or discarded. 

So there are 2 topics to discuss:


A rule in which cases a pre-emption shall be applied


A rule in which cases the pre-empted MAC-e PDUs shall be rescheduled respectively discarded.  

As an outcome of the discussion, both rules should be simple.

Scenarios and rules for re-scheduling respectively discarding are discussed below.

Discussion

Pre-emption yes or no?

For E-DCH, synchronous retransmissions are used in HARQ.  In presently discussed scenarios, the actual maximum total number of transmissions is considered to be up to 3. Nevertheless the theoretical maximum number of transmissions will be 8 and a larger part of this range could be used for optimisation reasons later on.

The higher number of retransmission will be presumably used for the lower priority services like I/B. In case of an ongoing low priority traffic, all HARQ-processes will be blocked with a certain probability for a certain period of time.  Depending on the actual number of retransmissions, the assumed RTT (3 or 4 TTIs) and the actual channel conditions, this time might be rather long and the probability of a longer time grows with bad channel. So there is a reason to have pre-emption for traffic, which is urgent in respect of delay.

Nevertheless it should be mentioned that already a considerable amount of TX power might be invested in the currently retransmitted MAC-e PDUs and a pre-emption shall only take place, if the pre-empting traffic is really urgent.

Really urgent traffic in respect of delay is considered to be SRBs and conversational. To reflect the urgency, this traffic will have certain characteristics vs. other traffic, these may be used for establishing a pre-emption rule:

· highest priorities

· low number of max retransmissions (also higher power offset to accomplish this low number of retransmission with a certain drop rate) - the number of retransmissions not only reflects the urgency but also the lifetime of the PDU.

Priority-based time-tolerant Pre-emption:

SRBs and conversational pre-empting streaming & I/B

This rule seems simple at the beginning of an upcoming SRB or conversational traffic, as long as there are pure streaming/I/B MAC-e PDUs on the way. But afterwards the MAC-e PDUs mostly will contain multiplexed SRB/conversational/streaming/I/B PDUs, which should not be pre-empted for the lifetime of the high prior parts, but should be pre-empted in the lifetime of the low prior part. If these mixed PDUs are transmitted with the maximum power offset foreseen for the PDUs inside, the probability, that they are received with a low number of retransmissions is rather high so a priority-based pre-emption may still make sense to avoid loss of conversational packets without aborting too many streaming/I/B PDUs. 

Further, since even the strict delay requirements for conversational may allow to have a tolerance of 10 or 20 ms, it makes sense to have the chance to wait for a certain time, if a process becomes free meanwhile.

SRBs vs. conversational:

SRBs may be very urgent, but the fact that they are partly AM indicates that the urgency in respect of delay might be relative. In addition to urgency a high reliability will be required, which may be reflected in a higher or equal max number of retransmissions relative to conversational. Also since conversational already has a rather short lifetime in the HARQ, it will not make sense to pre-empt a PDU containing conversational PDUs even from the SRB point of view. So in this case it does not make sense to pre-empt purely on priority. 

Priority and some time-tolerance could be used for accomplishing a rule:

If PDUs from a certain priority level upwards are waiting for a free HARQ process, the UE shall:

1>
pre-empt a HARQ process containing only MAC-d PDUs of priority below this level. If a MAC-e PDU contains mixed priorities, only not expired MAC-d PDUs are taken into account for the priority level evaluation. 

The UE shall wait for N TTIs for a process to become free before applying pre-emption. The size of N is of FFS.

Re-scheduling or discarding of aborted data

The question is, what happens with the MAC-e PDUs in the aborted process. There are 2 significant scenarios:

1. The TSN of the aborted MAC-es PDUs had been the last TSN in the line:
There is  no problem to continue with a new transmission of the aborted MAC-es PDUs. If the granted rate changed in the meanwhile, the MAC-d PDUs in the MAC-es PDUs could be reassembled in a new unit.

2. The TSN of the aborted MAC-es PDU had not been the last TSN in the line:
In this case there can arise problems, when the MAC-es PDU with TSNx was aborted and  the MAC-es PDUs with TSNx-1 and TSNx+1 are now already be waiting in the reordering queue. The queue will only accept the missing MAC-es PDUs under certain conditions. 

Re-scheduling of the aborted MAC-es PDU(s) only makes sense in certain situations:

a. If the MAC-es PDU can be transmitted as a unit tagged with the original TSN (TSNx)
This might be a problem, in case the size of the MAC-es PDU was larger than the currently granted size. Fragmentation could be a solution but will increase the MAC-es header and the complexity of the reordering procedure and therefore it is not considered

b. If the MAC-es PDU can be transmitted within a certain CFN window, in case node B CFN tagging is applied.
In the node B, the received MAC-es PDU are sent to SRNC together with the reception CFN to support reordering with a reasonable short TSN while still providing a method to overcome delay jitter on the Iub. 
It is assumed, that some window based method is used for this, which means that MAC-es PDUs with a certain delta of CFN are taken into account for a certain TSN period, while MAC-es PDUs with higher CFN are taken into account for the next TSN period.
In respect to the TSNx of said re-scheduled MAC-es PDU, this would mean, that if it wasn't possible to re-schedule and transmit it within a certain period of time, the CFN based method would push it into the wrong TSN period. 

Proposed re-scheduling rule: 

The aborted MAC-d PDUs shall be rescheduled:

1> 
if no MAC-es PDU of the same TSN sequence and a TSN higher than the TSN of the aborted MAC-es was transmitted

1>
else: 

if  the aborted MAC-es fits as a whole into the newly scheduled  MAC-e PDU and the rescheduling takes place within a certain time window. The size of the window is FFS.

Conclusion

Pre-emption for E-DCH HARQ is discussed and proposed rules for pre-emption and re-scheduling of pre-empted MAC-d PDUs are presented.

