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1. Introduction 

It has been agreed that a new MAC functionality called MAC-e will be added to the existing Rel99/4/5 MAC sublayer on the UE and network side. This contribution proposes to look at the architecture of the new MAC-e and to discuss the different functionalities that will be included. In particular we will look at the Scheduling/Priority handling function, and in fewer details at the HARQ and the TFRI selection.

2. Priority handling in release 99/4/5

For DCH in Rel 99/4/5 we have the option to use MAC-multiplexing or Transport Channel multiplexing. MAC multiplexing, which could also be referred to as Logical Channel multiplexing, is handled by the MAC-d and supports multiplexing a number of logical channels on the same transport channel. One of the risks with MAC multiplexing is that in the case of transmission of a constant stream of high priority data, the low priority will always be delayed, possibly even starved. Several transport channels can also be configured for a particular UE. In Rel99/4/5, multiple transport channels on a DCH allow different QoS for different services. Each logical channel can be assigned a different priority and can have a different RLC PDU size.  Several transport channels will be used to support different QoS or if the logical channels have different RLC PDU sizes. Hence, transport channel multiplexing supports sending high and low priority data in the same TTI by multiplexing one high priority data channel with a low priority one.

In HSDPA only one transport channel is specified so MAC-d and MAC-hs multiplexing are needed in order to be able to support several logical channels of different priority within one TTI. At the Node-B the composite logical channels or MAC-d PDUs are assigned to priority queues where there is one reordering timer per Node-B priority queue. Hence, there is a data queue for each priority of data, and data from just one queue can be sent per TTI. Two different mechanisms can be used with HSDPA to minimise delays to high priority data: Asynchronous HARQ and pre-emption. Asynchronous HARQ allows high priority data to be sent in the next TTI if there is a free HARQ process.  When all HARQ processes are in use, pre-emption allows an ongoing transmission to be aborted and high priority data to be sent. 
3. Priority handling for E-DCH

For the E-DCH only one transport channel will be used and as in HSDPA we have a structure with a single MAC-e PDU and E-DCH transport block per TTI. As only one transport channel is used for multiple priorities, the risk for starvation of low priorities data needs to be studied. Logical (MAC) multiplexing allows sending of both low and high priority packets given there is sufficient available power as agreed in TS 25.309, which will prevent low priority queue starvation. However the mechanism for performing this multiplexing operation still needs to be determined.  Release 99 TFC sets cannot be used since only one transport channel is allowed for E-DCH.  But a model similar to HS-DSCH could be used.

In order to support priority handling for E-DCH several options can be considered. As the scheduling approach used has interactions with priority handling, we consider rate control scheduling and time and rate scheduling separately:

Rate Control Scheduling:

- Synchronous HARQ: Wait until there is a free HARQ process 

Two sub-cases are considered: 

i) at the time of arrival of high priority data there is already a free HARQ process then the data is delayed until the occurrence of the next TTI associated with the free HARQ process.

E.g. Assuming we are using 3 processes for the 10ms TTI and 6 processes for the 2ms TTI, in the worst case the delay would be of 30ms for the 10ms TTI and 12ms delay for 2ms TTI. 

ii) at the time of arrival of high priority data there is no free HARQ process then the data is delayed until one of the HARQ processes successfully completes or reaches the maximum number of retransmissions. 

E.g. The UE might have to wait while the 4 transmissions / retransmissions of the previous message are finished.  Assuming we are using 3 processes for the 10ms TTI and 6 processes for the 2ms TTI, in the worst case the delay would be of 120ms for the 10ms TTI and 48ms delay for 2ms TTI. 

However, on average given a 30% BLER operating point, the delay would be 43ms for 10ms TTI and 17ms for the 2ms TTI. 

Disadvantage: Delay when there is no HARQ process free. Delay when process is already free when high priority data arrives. 

- Asynchronous HARQ:  

The same two sub-cases are again considered: 

i) at the time of arrival of high priority data there is already a free HARQ process then the data can be assigned to the free HARQ process within a one TTI delay 

E.g. for 10ms TTI the alignment delay would be up to 10ms and with 2ms TTI the delay would be up to 2ms.

ii) at the time of arrival of high priority data there is no free HARQ process then the data is delayed until one of the HARQ processes successfully completes or reaches the maximum number of retransmissions – which is identical to the synchronous case.
E.g: The UE might have to wait while the 4 transmissions / retransmissions of the previous data transmissions are finished.  Assuming we are using 3 processes for the 10 ms TTI and 6 processes for the 2 ms TTI, in the worst case the delay would be of  120ms for the 10ms TTI and 48ms delay for 2ms TTI. However, on average given a 30% BLER operating point, the delay would be 43ms for 10ms TTI and 17ms for the 2ms TTI.

Disadvantage: Delay when there is no HARQ process free. The process ID will have to be signaled and there are concerns for the reliability in case of Soft Handover due to error conditions [1]. 

- Synchronous (or asynchronous when all HARQ processes are in use) Pre-emption, which can be done either by:

i) at the time of arrival of high priority data when there is no free HARQ process then it is possible to preempt one of the HARQ processes currently sending lower priority data. The lower priority data will be delayed and transmitted only when all higher priority data has been transmitted. The delay to the high priority data is just the single TTI alignment delay

Disadvantage: delay to the low priority data, energy of the earlier transmissions of the low priority data is lost.

ii) instead of delaying the lower priority data until all the higher priority data has been transmitted it is also possible to multiplex them together. However, the original low priority data will have to be flushed. Therefore the delay to the lower priority data is reduced. Hence, in E-DCH, it is possible to multiplex several priorities on one Transport Channel in one TTI.

Disadvantage: Less delay to low priority data than in the previous scenario. Energy of the earlier transmissions of the low priority data is lost.  

Time and Rate control Scheduling:

a) Synchronous HARQ: High priority data arrives after low priority transmission commences during a scheduled interval.

That is: 

- the UE is scheduled by the Node-B

- data is taken from a lower priority queue to form a packet transmission since all higher priority queues are currently empty

- after the first transmission new data arrives in a higher priority queue

- UE pre-empts the lower priority re-transmission using the next TTI associated with the scheduled HARQ process ID

E.g. Assuming we are using 3 processes for the 10ms TTI and 6 processes for the 2ms TTI, in the worst case the delay would be of 30ms for the 10ms TTI and 12ms delay for 2ms TTI. 

Disadvantage: If no preemption then there is delay when high priority data arrives during the scheduling interval after initial low priority packet transmission(s). Otherwise delay to send high priority data depends on time and rate scheduler and its determination of fairness.  Unless high priority packet is in minimum set or QoS has been setup between UE, Node-B, RNC and rest of network then no QoS guarantee is possible for a given service.

b) Asynchronous HARQ:  High priority data arrives after low priority transmission commences during a scheduled interval.

UE must wait until scheduled again to send high priority data hence pre-emption is not possible.

Disadvantage: Delay to send high priority data depends on time and rate scheduler and its determination of fairness.  Unless high priority packet is in minimum set or QoS has been setup between UE, Node-B, RNC and rest of network then no QoS guarantee is possible. The process ID will have to be signaled and there are concerns for the reliability in case of Soft Handover due to error conditions [1]

4.    Interaction with Scheduling

The worst case delay for the high priority data occurs when the data arrives and all processes are busy. With the Time and Rate scheduling there should be no contention for a HARQ process unless the UE is currently transmitting a packet corresponding to a service or signalling assigned to its E-DCH minimum set (note: an E-DCH minimum set has not yet been agreed to). One question to answer is how to handle such contention? Also does the Node-B have to constantly monitor the E-DCH given an E-DCH minimum set? A non-scheduling Node-B would have to monitor the E-DCH of a UE in soft handoff even without a E-DCH minimum set. For Rate scheduling all processes can be busy since the UE can transmit largely at will, allowing more opportunities for pre-emption.

With time and rate scheduling pre-emption would only be used when high priority data arrived after the start of a scheduled transmission of a low priority packet. Pre-emption could be used but it will not solve any high priority packet latency problem. In fact, by using pre-emption there is a loss in resource allocation and scheduling performance. The scheduler/resource allocation function in the Node-B for E-DCH would only account for up to four packet transmissions by a given UE bounded by some maximum rate or power level.  By allowing pre-emption and allowing the UE to use the prior assignment afresh, the UE effectively is starting over with up to four more transmissions, which may fall out of the original effective scheduling interval specified by the Node-B, and thereby use up rise margin that was not accounted for or anticipated by the Node-B resource allocation/scheduler function. 

Given you can only transmit when scheduled then a relationship between high priority and QoS is really only meaningful if it puts the packet in the minimum set and/or if there is coordination between the Node-B, the UE and the rest of the network. The reason time and rate scheduling is desirable is that it better enables 'fat pipe' multiplexing of users and allows hard constraint of E-DCH downlink resources.

With rate scheduling it is possible that all the HARQ processes would be busy and pre-emption might be useful. However since the UE can transmit largely at will with rate scheduling, it is probably better to wait until the next available process rather than to pre-empt.  Even with rate scheduling there is no relationship between high priority logical channel and QoS unless it is coordinated with the Node-B and the rest of the network.

5. MAC-e description

A new MAC-e entity has been agreed. On the UE side, the new MAC-e entity is added below MAC-d. On the network side, MAC-e is introduced in the NodeB. The MAC-e is responsible for handling the data transmitted on the E-DCH.

There shall be priority handling per MAC-d PDU in the MAC-e.

The MAC-e is comprised of three different functional entities:

i)
Scheduling/Priority Handling function:

According to the priority classes, the scheduling/priority function manages the resources between HARQ entities and data flows. It also determines whether it is a   new transmission or a retransmission. It has not been decided yet whether buffering and handling of priorities will be done in the RLC like for R99/4/5 or if some kind of buffering will be added to the MAC like it was done for HSDPA.

ii)
HARQ: 
As done for HSDPA, one HARQ entity is capable of supporting multiple instances (HARQ process) of stop and wait HARQ protocols. One HARQ entity handles the hybrid ARQ functionality for one user.  There shall be one HARQ process per TTI.

iii)
TFRI selection:

Select an appropriate transport format and resource combination for the data.


Figure 1: UTRAN side MAC architecture/MAC-e details


Figure 2: UE side MAC architecture/MAC-e details

6. Conclusion

It is difficult to consider HARQ and Scheduler issues separately. With time and rate scheduling pre-emption really doesn’t make much sense since the UE can only transmit during its scheduled time interval. If an E-DCH minimum set is defined then contention could occur for given HARQ process for the scheduled packet transmission and transmissions based on the minimum set. If delay is really critical to an application/service then it either needs to be in some minimum set or there needs to be some level of coordination between the server, RAN network, Node-B and UE to guarantee a QoS.  This is largely true of rate scheduling as well where there are obviously more chances to use pre-emption although this still does not guarantee QoS for a given application/service.  By definition the rates of the UEs are still constrained with rate control scheduling in order to prevent cell overload and guarantee fairness so a UE cannot achieve a QoS without some coordination with the Node-B and the network.

As discussed in this paper; in the case of Asynchronous HARQ, a HARQ channel that is not being used can be utilized almost immediately, while in the case of Synchronous HARQ, a HARQ channel that is not being used can only be utilized when it is its turn to transmit (i.e. the occurrence of a given HARQ process is every Nth TTI for the synchronous HARQ N-channel stop and wait protocol). When all HARQ processes are full then both Asynchronous and Synchronous need to wait for an ACK to free the process before utilizing it which results in the same delay for both HARQ cases. Therefore, in some situations fully asynchronous HARQ allows a slight reduction in the wait. 

Given the reliability concerns with using fully asynchronous HARQ in SHO as discussed in [1] then the slight increase in delay associated with using synchronous HARQ is acceptable and we therefore propose to use synchronous HARQ for E-DCH.

Note that pre-emption can be used for both asynchronous and synchronous HARQ but it is not clear if the benefit warrants its use. With regard to signaling, near real time traffic, and best effort traffic, the rules for the use of pre-emption and multiplexing of low and high priority data on the same TTI for EDCH will have to be discussed. Queue delay, power availability and complexity will have to be considered while deciding on these principles.  And finally, pre-emption should not be confused with guaranteeing QoS for a given service.
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