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1. Introduction

During the Release 6 Ad-Hoc in Cannes, there was some discussion in RAN1 and RAN2 on assumptions for requirements for supporting Node B scheduling for enhanced uplink. This contribution summarizes some of the open issues and discusses options.

2. Open issues for specifying Enhanced Uplink Scheduling

2.1 Scheduling interval

At its shortest, the scheduling interval may be equal to the TTI length. However to reduce signaling, the scheduling interval could also be made longer.

Increasing the scheduling interval beyond a few tens of milliseconds would start to diminish the gain of Node B scheduling compared to RNC scheduling, and also to affect latency in the sense that the Node B becomes less able to quickly respond to resource requests.

At the last meeting, it was agreed to support both 2 and 10msec options in the standard, although mandatory support for 2msec is FFS. To avoid unnecessary complexity, it may be useful to agree a standard scheduling interval for both possibilities.

2.2 Common versus dedicated scheduling signalling

Dedicated scheduling allows for specific control of resource limits at each UE, whereas common scheduling reduces downlink signaling by broadcasting scheduling parameters applicable to all UEs.

There exists also the possibility of creating both a common and dedicated scheduling messages. In particular, the scheduler could allocate noise rise using dedicated signaling and then indicate the amount of any remaining unallocated noise rise above a pre-determined limit using a broadcast message. UEs would be allowed to make a certain level of autonomous transmissions dependent on the amount of unallocated noise rise. The unallocated resources could be divided equally between UEs or certain UEs could be prioritized. Prioritization could be achieved by using RRC signaling to indicate to each UE the proportion of any unallocated noise rise that it may use.

Allowing for an additional broadcast of the level of unused resources could therefore be used to increase further utilization of the noise rise and/or to decrease the request/grant latency for some UEs. 

2.3 “Time-rate” and “Rate” scheduling

In this section, we define “Time-rate” and “Rate” as follows:

· “Time-rate” refers to a downlink signalling mode in which an explicit resource limit is signalled to a UE that has a time limited validity. The validity period may also be explicitly signalled or may be implicit. It is likely that time-rate scheduling would be used to allocate a high amount of resources to a small number of UEs during each scheduling period.

· “Rate” signalling refers to a downlink signalling mode in which the downlink signalling consists of an “up/down/keep” command that indicates to a UE whether it should increase/decrease or maintain its resource usage (TFC limit or power). The rate scheduling DL command has indefinite validity until another command is used. Rate scheduling is likely to be signalled to all of the UEs in a cell at regular intervals, in a similar manner to TPC.

The following observations can be made with respect to the two scheduling modes:

· “Time-rate” scheduling allows for a faster response to UE buffer variations than rate scheduling. Furthermore, allocating a large portion of the noise rise to one or a small number of UEs on a more time multiplexed basis may well lead to a better utilisation of the resources, since the high data rate UE(s) will see less intracell interference. On the other hand, the number of UEs that can be simultaneously controlled will be limited in practice and if UL transmission timings are not aligned, significant variations in RoT may result as resource is shifted between UEs.

· “Rate” scheduling allows for control of a larger number of UEs. However it cannot react rapidly to changes in UE buffer status. Furthermore, allowing a larger number of UEs to simultaneously share the resource may increase the ACK/NACK load in downlink in the case that SRBs are not carried on E-DCH.

To get the advantages of both methods, it may be possible to allow for both types of signalling. However it is not clear that (i) if a time-rate mode is operating, in which a significant proportion of the noise rise is allocated to a small number of UEs then also operating rate scheduling for the small amount of remaining noise rise is efficient or (ii) whether it is useful to operate a time-rate scheduling for a smaller proportion of the noise rise alongside a rate scheduling. It is certainly undesirable to create unnecessarily complex options and therefore the real advantages of supporting both should be clear.

2.4 Uplink signalling for scheduling

To facilitate efficient scheduling, some information is required by the Node B scheduler:

1. The amount of data in the UE buffer for each logical flow

2. The “power margin” of the UE; i.e. the amount of transmit power remaining above that required by the current TFC for supporting a larger TFC.

3. The status of any non enhanced dedicated channels; this may affect the TFC that can be supported for E-DCH

4. The pathloss to the Node B; this could be used for prioritising UEs that are closer to the Node B and hence create less interference in other cells.

Of these, (4) is less critical when SHO is supported, since other cells have some influence on the UE transmit power.

(1) may be estimated over short periods of time by the Node B. Therefore information on the buffer status is best transferred on a slow basis.

(2) and (3) affect the TFC that can be supported by the E-DCH. For time-rate scheduling, it is important to know the maximum TFC that can be supported to avoid inefficient scheduling and RoT variations. (2) and (3) can be effectively captured by transmitting a “predicted TFC”[1], which is a prediction of the TFC that the UE would select in the forthcoming scheduling interval taking into account its best knowledge of power margin, DCH and TFC selection state information. The predicted TFC could be transmitted periodically or when necessary using physical layer signalling.

It is also worth considering the transmission interval used for UL signalling. Although a 10msec TTI will be supported for the E-DCH itself, physical signalling of scheduling information (possibly alongside HARQ information) could be carried in a shorter physical layer channel similar to HS-SCCH. This would allow for a shortening of the request/grant cycle and for the Node B to have access to more up to date scheduling information, compared to the case of using a 10msec based physical channel.

2.5 Downlink signalling for scheduling

Dedicated downlink signalling for scheduling may consist of up/down/keep indicators for rate scheduling or TFC limits for time-rate.

For rate scheduling indicators, it would seem preferable to embed the commands in some existing channel. For time-rate, it would seem preferable to create an allocation channel, similar to HS-SCCH. As in the UL signalling case, it may be useful to create a shorter physical channel than 10msec to allow for reduced request/grant cycles and scheduling based on more up to date information.

2.6 Scheduling in SHO

In SHO, the UE may respond to a single or multiple Node B schedulers.

If there are multiple schedulers, an algorithm has to be defined that indicates how the UE should derive its scheduling command. Multiple schedulers may be effective for rate scheduling, but less so for time-rate. 

If the UE responds to a single scheduler, the non scheduling Node Bs can either be unaware that they are not scheduling the UE or this can be indicated. The latter option seems preferable to avoid unnecessary signalling and complexity in the Node Bs.

In either case, to schedule efficiently, it is important that each of the Node Bs participating in SHO are aware of the resource allocation assumed by the UE, especially for time-rate scheduling. We propose an additional signalled parameter by the UE that indicates the assumed scheduling command to all of the active set [2]. 

For UEs in SHO, an additional delay between sending of a scheduling command and implementation of the command would be inserted. A two stage scheduling process would be used:

Step 1: The scheduling Node B(s) allocate resources and send scheduling commands to SHO UEs. The SHO UEs receive the scheduling command and then transmit the assumed resource limit to all Node Bs in their active set.

Step 2: Each Node B receives the resource limit assumed by the UE(s) in SHO. The Node Bs then allocate resources to non SHO UEs for the same period in time for which the SHO scheduling applies, based on their knowledge of the SHO resource usage.

2.7 Interaction with HARQ

HARQ retransmissions may be scheduled or autonomous. It has been shown in [3] that retransmissions should be made with a reduced power compared to the original transmission. However excessive reduction of the power may lead to unnecessary retransmissions. Therefore  the amount of flexibility available for a scheduling of retransmissions is limited.

Therefore we suggest restricting retransmission power but having non scheduled retransmissions. However for UEs in SHO, the intended retransmit power should be indicated using the feedback mechanism described above.

3. Recommendations

· The scheduling interval should be less than 30msec and be common between 10msec and 2msec TTI.

· Dedicated, time-rate scheduling should be adopted with a 2msec shared physical channel, similar to HS-SCCH

· Rate matching should only be adopted in addition if there is a very clear benefit.

· There should be an option to indicate the amount of unused noise rise using a broadcast message, and UEs should be allowed to make autonomous transmissions dependent on the amount of unallocated noise rise. Prioritisation of the amount of autonomous transmission allows for UEs should be carried out using RRC signalling.

· UL scheduling signalling should consist of 

· Buffer status indications, carried in the MAC-e header

· “Predicted TFC” indications carried using physical layer signalling and transmitted either periodically or when the predicted TFC changes to the scheduling Node B(s)

· For UEs in SHO, a “assumed granted limit” message, transmitted to all Node Bs in the active set

· As long as the feedback information is included in the UL signalling, a single Node B scheduler is acceptable. Otherwise multiple schedulers may be needed.

· The UL signalling channel should be shorter than 10msec, similar to HS-DPCCH.

· Retransmissions should be unscheduled and transmitted at lower power than the first transmission. UEs in SHO should indicate retransmission power using the feedback message.
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