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Introduction

This contribution gives further details on the management of enhanced uplink scheduling modes using the E-DCH.  The corresponding text proposal for the TR on E-DCH is given at the end of the document.  

Scheduling Modes and their definitions:

Two fundamental approaches exist to scheduling UE transmissions for the E-DCH – (1) Node B controlled rate scheduling, where all uplink transmissions can randomly occur in parallel with the selected rates restricted to keep the total noise rise at the Node B at an acceptable level, and (2) Node B controlled  time and rate scheduling, where only a subset of UEs that have traffic to send are selected to transmit over a given time interval and at a selected TFCS (i.e. like rate scheduling the allowed UE maximum rate is also controlled), again such that the desired total noise rise at the Node B is not exceeded. For rate scheduling, restricting the rate to control the noise rise in effect restricts the UE transmit power. For time and rate scheduling, the UEs may be selected on the basis of uplink channel conditions and the buffer occupancy status at the UE.

The proposal supports both rate scheduling and time and rate scheduling for the E-DCH.   

Switching between Rate Scheduling and Time and Rate Scheduling Mode:

Time and Rate Scheduling provides the node B with a higher degree of control than Rate scheduling, and thus allows the node B to pursue a fat pipe scheduling policy which further improves uplink capacity. Time and rate scheduling comes at a cost of incremental increase in L1 downlink signaling requirements compared to Rate scheduling. The information pertaining to buffer occupancy status, UE Tx power margin etc are sent on the UL for both rate scheduling and time and rate scheduling mode. Therefore, if a UE only has a small amount of data to transmit or can avoid buffer overflow with a relatively low rate channel, it is preferable for Rate scheduling to be used, since for time and rate scheduling there is no net gain of improved UL performance over the requirements (and consumed capacity) of the additional L1 signaling overhead.  Therefore, it is desirable to transition between time and rate scheduling and rate scheduling mode mainly based on buffer occupancy status at the UE as illustrated in Figure 1.  Note, that this transition may occur under both soft-handoff and no soft-handoff scenario.
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Figure 1.  Transitioning between autonomous and explicit mode
When in rate scheduling mode, the amount of data waiting to be transmitted in a UE's buffers may grow to exceed X bytes. In this case it is desirable to enter the time and rate mode of scheduling.  In order to minimize transition latency to the explicit mode (and hence data transfer latency), it is preferable to perform this transition by means of Layer 1 (L1) signaling. However, such signaling is not entirely reliable, which is especially true during Soft Handover (SHO) due to link imbalances between the SHO legs. Therefore it is also desirable to have a fall back mode of performing the transition by means of higher layer signaling involving the RNC.  This fall back will have significantly higher latency, and therefore it is desirable that this occurs in only a small proportion of transitions.  When entering the time and rate scheduling mode, some form of hysteresis should be employed such that once this mode is entered, there is enough time for the RNC to ensure that all active set node Bs have entered time and rate scheduling mode.  When in time and rate scheduling mode, if the amount of data waiting to be transmitted in a UE's buffers falls below X bytes the UE moves to time and rate scheduling mode. Other triggers are possible, for example, the rate at which the UE buffers become occupied based on buffer occupancy (BO) reports could be used to determine when to switch between scheduling modes.

There are two ways of transitioning between rate scheduling mode to time and rate scheduling mode and vice-versa: a) with co-ordination with the network is necessary and b) without co-ordination from the network

Transition between Rate Scheduling mode to Time and Rate Scheduling mode:

a.  With co-ordination from the network 

If the amount of data waiting to be transmitted in a UE's buffer grows to exceed X bytes, the UE sends a L1 signaling message to request access to time and rate scheduling mode.  A subsequent downlink L1 message grants the UE access to time and rate scheduling mode. Upon receiving a valid L1 uplink signaling message from the UE (other than a time and rate scheduling mode access request) the Node-B informs the RNC that the mobile has entered time and rate scheduling mode (which also indicates to the RNC that the node B is now responsible for radio resource management for the UEs transmissions on the E-DCH). Note that the uplink signaling message would consist of scheduling information such as UE power availability and buffer status and would be sent on the E-DPCCH. This node B subsequently begins to schedule the UE. 

If an active set node B has acknowledged the UE’s request to enter time and rate scheduling mode but subsequently does not see any valid signaling on the E-DPCCH to acknowledge the request, then the node B categorizes the UE as being in rate scheduling mode and is therefore itself in rate scheduling mode with respect to the UE. 

If a UE requests access to time and rate scheduling mode but sees no acknowledgement from any active set node B, the UE remains in rate scheduling mode, and repeats the request.  When entering the time and rate scheduling mode, some form of hysteresis should be employed such that once this mode is entered, there is enough time for the RNC to ensure that all active set node Bs have entered time and rate scheduling.

b.  Without co-ordination from the network
In this case, any cell can schedule a user anytime.  When switching is done between the two modes without co-ordination from the network there needs to be either separate time slots for rate and time scheduled mode and rate scheduled mode or a group scheduling capability.  The UE constantly monitors the downlink scheduling assignment channel to see whether it has been scheduled in the time and rate scheduled mode.  
Transition from Time and Rate Scheduling to Rate Scheduling mode:

The UE sends the buffer occupancy status and Tx power margin on a periodic basis or using some sort of trigger mechanism e.g. if buffer occupancy exceeds X bytes or falls below Y bytes both in rate scheduling and time and rate scheduling mode.  While the UE is in time and rate scheduled mode and if the buffer occupancy in a UE falls below Y bytes, the UE may automatically move to rate scheduled mode and inform the node B via L1 signaling. 

 Any node B moving from one mode to another with respect to a given UE will inform the RNC. An RNC may force the UE and all its serving (Active Set) node Bs into either time and rate scheduling or rate scheduling modes via higher layer signaling from the active set node Bs and the UE.  Note that while in either rate scheduling mode, or (less likely) in time and rate scheduling mode, higher layer signaling per R99/R5/R6 can move the UE to the CELL_FACH state. 

In case when no co-ordination is needed from the network, all users can transmit during the rate-scheduling mode with constraints determined by the rate scheduling implementation (i.e. TFC restriction and/or persistence)
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7.1.3
Management of Scheduling Modes

Node B Controlled Time and Rate Limit Scheduling provides the node B with a higher degree of control than Node B Controlled Rate Scheduling, and thus allows the node B to better maximize uplink capacity. This comes at a cost of increased L1 signaling requirements for time and rate scheduling compared to rate scheduling, with the requirement to transmit scheduling assignment information on the DL and information pertaining to scheduling (amount of outstanding data in UE buffer, UE Tx power margin etc) on the UL. Therefore, if a UE only has a small amount of data to transmit, it is preferable for rate scheduling to be used, since for time and rate scheduling there is no net gain of improved UL performance over the requirements (and consumed capacity) of the additional L1 signaling overhead.  Therefore, it is desirable to transition between these two modes mainly based on buffer occupancy status at the UE as illustrated in Figure 1.  Note, that this transition may occur under both soft-handoff and no soft-handoff scenario.  There are two ways of transitioning between rate scheduling mode to time and rate scheduling mode and vice-versa : a) with co-ordination with the network is necessary and b) without co-ordination from the network
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Figure 2.  Transitioning between rate scheduling and time and rate scheduling mode
7.1.3.1 Transition between Rate Scheduling mode to Time and Rate Scheduling mode

a.  With co-ordination from the network 

If the amount of data waiting to be transmitted in a UE's buffer grows to exceed X bytes, the UE sends a L1 signaling message to request access to time and rate scheduling mode.  A subsequent downlink L1 message grants the UE access to time and rate scheduling mode. Upon receiving a valid L1 uplink signaling message from the UE (other than a time and rate scheduling mode access request) the Node-B informs the RNC that the mobile has entered time and rate scheduling mode (which also indicates to the RNC that the node B is now responsible for radio resource management for the UEs transmissions on the E-DCH). Note that the uplink signaling message would consist of scheduling information such as UE power availability and buffer status and would be sent on the E-DPCCH. This node B subsequently begins to schedule the UE. If an active set node B has acknowledged the UE’s request to enter time and rate scheduling mode but subsequently does not see any valid signaling on the E-DPCCH to acknowledge the request, then the node B categorizes the UE as being in rate scheduling mode and is therefore itself in rate scheduling mode with respect to the UE. 

If a UE requests access to time and rate scheduling mode but sees no acknowledgement from any active set node B, the UE remains in rate scheduling mode, and repeats the request.  When entering the time and rate scheduling mode, some form of hysteresis should be employed such that once this mode is entered, there is enough time for the RNC to ensure that all active set node Bs have entered time and rate scheduling.

b.  Without co-ordination from the network
In this case, any cell can schedule a user anytime.  When switching is done between the two modes without co-ordination from the network there needs to be either separate time slots for rate and time scheduled mode and rate scheduled mode or a group scheduling capability.  The UE constantly monitors the downlink scheduling assignment channel to see whether it has been scheduled in the time and rate scheduled mode.

7.1.3.2  Transition from Time and Rate Scheduling to Rate Scheduling mode

The UE sends the buffer occupancy status and Tx power margin on a periodic basis or using some sort of trigger mechanism e.g. if buffer occupancy exceeds X bytes or falls below Y bytes both in rate scheduling and time and rate scheduling mode.  While the UE is in time and rate scheduled mode and if the buffer occupancy in a UE falls below Y bytes, the UE may autonomously move to rate scheduled mode and inform the node B via L1 signalling.

Any node B moving from one mode to another with respect to a given UE will inform the RNC. An RNC may force the UE and all its serving (Active Set) node Bs into either time and rate scheduling or rate scheduling modes via higher layer signaling from the active set node Bs and the UE.  Note that while in either rate scheduling mode, or (less likely) in time and rate scheduling mode, higher layer signaling per R99/R5/R6 can move the UE to the CELL_FACH state.
In case when no co-ordination is needed from the network, all users can transmit during the rate- scheduling mode with constraints determined by the rate scheduling implementation (i.e. TFC restriction and/or persistence)
7.1.3.3  L1 Signaling

L1 signaling is sent on the E-DPCCH by the UE to request access to time and rate scheduling mode and rate scheduling mode based on some triggering mechanism. The triggering mechanism may be a function of buffer occupancy status at the UE, Tx power margin etc. In both time and rate scheduling mode and rate scheduled mode DL signaling is required to transmit scheduling assignment information (e.g. rate limit, transmission time etc.).  However, the number of bits required in the scheduling assignment message may be incrementally higher in the time and rate scheduled mode than rate scheduled mode.

When entering the time and rate scheduling mode, some form of hysteresis should be employed such that once time and rate scheduling mode is entered, there is enough time for the RNC to ensure that all active set node Bs have entered time and rate scheduling mode.

End of text proposal 
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