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1. Introduction

In RAN WG1 meetings #29, #30 and #31 various methods were presented for Node B controlled scheduling. In TR 25.896 v0.3.0, NodeB controlled pure time scheduling is one of the alternatives for NodeB controlled scheduling. This scheduling mode is henceforth referred to in this contribution as NodeB Controlled Time and Rate Scheduling. The benefits of Node B controlled Time and Rate scheduling have been discussed in [3]. Another document [1] describes how to switch between Node B controlled Rate scheduling with autonomous transmissions and Node B Controlled Time and Rate (explicit) scheduling. In this contribution, text proposal for this scheduling mode is proposed for the TR.

---------------------- start of text proposal  ---------------------------------------------------------------
7.1.2 method for Node B Controlled Time and RATE scheduling

7.1.2.1
Purpose and General Assumptions

Current UMTS R99/R4/R5 DCH specifications support autonomous UE transmission and UE TFCS control using Radio Resource Control (RRC) messaging to establish and manage a per UE Transport Format Combination Set (TFCS). TFCS reconfiguration latency and update rate is restricted by the communication delay between the RNC and Node-B since the TFCS reconfiguration function is centralized in the RNC.  Besides using more frequent and lower latency TFCS updates to better manage uplink interference, additional advantages are possible by controlling the time at which UEs transmit compared to allowing autonomous UE transmissions.  If TFCS control is to be shared between the RNC and Node B to enable fast TFCS control and higher UE uplink data rates are to be supported, then controlling time of UE transmissions may also be necessary to most efficiently and correctly control uplink intereference levels for maximizing throughput. 

7.1.2.2 General Principle

The basic principle of the technique is to allow Node B control of UE TFCS and UE transmission time by fast L1 signalling.  The difference to existing R99/R4/R5 systems is that the UE would receive additional L1 control over its TFC selection and L1 control of its transmission time.  From the UTRAN’s perspective, scheduling by means of TFCS indicator and transmission time control is introduced at the Node B.  A UE is sent a scheduling assignment by a scheduling Node B. The UE transmits during the time interval specified by the downlink scheduling assignment using a restricted TFCS, which is determined from a TFCS indicator in the scheduling assignment. It is possible to make use of existing RRC procedures for TFCS configuration and transport format combination control and utilize them at the Node B for determining a TFC.  RNC and Node B control of UE TFCS and transmission time allows the UTRAN to control the changes in the UL load.

7.1.2.3 Controlling UE TFCS and transmission time

In the subsequent chapters, a new mechanism for scheduling and related L1 signalling is introduced. The purpose is to enable the Node-B to explicitly determine when and which UE’s should transmit data on the uplink and to control the TFCS at each scheduled UE to control the uplink interference level and variation.  

Instead of a Node-B continously controlling each UE’s TFCS by sending up/down adjustments to a pointer, the Node-B sends a TFCS indicator (which could be a pointer e.g.) in the signaled scheduling assignment.  The scheduling assignment also indicates the scheduling time interval over which the UE must transmit given it has non-zero buffer occupancy.  The TFCS indicator specifies the TFC(s) corresponding to the highest rate/power level the UE is allowed to transmit at during the specified time interval. After the scheduled time interval has elapsed, the TFCS reverts back to the set that existed prior to the scheduled time interval. A scheduled UE is allowed to choose among the TFCs in the restricted TFCS in terms of rate and power as determined by the TFCS indicator and based upon its own status e.g. actual available power and latest buffer status. The rates used by the UE could be signaled on the associated uplink signalling channel e.g. E-DPCCH at the time of transmission. Uplink power control information received by each UE may be used to effectively adjust the TFCS indicator over the scheduling interval.

The Node B may decide which UE(s) are allowed to transmit and the corresponding TFCS indicators on a per TTI basis based on, for example, some knowledge of the following:

· Buffer status of each UE

· Power status of each UE
 

· Local Node B measured channel quality estimate for each UE
 or maximum UE power capability at Node B.
· Available interference Rise Over Thermal (RoT) margin (or threshold level) at the Node B

The RoT margin may be computed by taking into account the thermal noise, other cell interference (Ioc), the Eb/No requirements for power controlled (e.g. voice) channels (see Figure 1) and information provided by the RNC. 

Node B Controlled Time and Rate scheduling may have several advantages. Reduced latencies in rate control, exploitation of fast channel quality variations, more precise RoT control (i.e., better interference management), and consequently, better efficiency for a given RoT constraint are enabled through such Node B controlled scheduling. Downlink signaling overhead is only required for a small number of scheduled UEs, rather than for all UEs in the case of a continuously updated TFCS. Furthermore, the scheduled mode can more precisely control how many UEs transmit data on their respective enhanced uplink channel in a given time interval. In the uplink of CDMA systems, simultaneous transmissions always interfere with each other and therefore, the scheduled mode can even ensure that always, for example, only one UE transmits data on its enhanced uplink channel at a time. Under certain conditions, this is likely to enhance throughput.



Figure 1: Noise Rise Bin for Node B controlled scheduling.

7.1.2.4 Issues Requiring Further Study

It is FFS how the method should work in soft handover.  One problem is that scheduling UEs in soft handoff without any coordination between Node Bs in the active set could lead to RoT violations that significantly impact power controlled channels. However, one possibility is to simply send TFCS indicators that restrict UEs power level in soft handoff to control their interference impact on adjacent non-scheduling cells. The Node B would need to be made aware of a UEs soft handoff state in this case. Alternatively or additionally, TFC determination by the UE can include using soft handoff state information. Another limitation of scheduling a UE in soft handoff is that if the UE simply follows the scheduling command of either Node B, then the active set Node B(s) for the UE that do not schedule the user, may not attempt to decode its data. Therefore, the UE transmission will not derive any macro-diversity benefit.  Yet another possiblility FFS is to use only TFCS control for UEs during soft handoff and allow autonomous transmissions. This alternative may avoid the complexity that could result in the operation of the Time and Rate scheduling in SHO. Finally, it is possible that each active set serving cell uses its knowledge of link imbalance (e.g. based on uplink DPCCH SNR consistently below the RNC defined outer loop power control threshold) to help limit scheduling activities for a given UE in soft handoff.

It is also FFS to minimize the number of scheduling information status update messages that are sent or alternatively how often scheduling information requests are made.  Similarly, it needs to be determined whether UEs should autonomously report scheduling information (periodically and/or triggered on events) or whether they should only be requested by the Node B.   

Finally, it is also for FFS on how to support both TFCS controlled autonomous transmissions and TFCS controlled and transmission time controlled scheduling for both the enhanced uplink DCH and along with the Rel’99/Rel’4/Rel’5 DCHs. The co-existence of the different modes may provide flexibility in serving the different traffic types. For example, traffic with small amount of data and/or higher priority such as TCP ACK may be sent using only a rate control mode with autonomous transmissions compared to using time and rate control scheduling as the former would involve lower latency and lower signaling overhead. It also may be desirable to confine autonomous transmissions to specific time intervals different than when scheduled transmissions occur.

7.1.2.5 Signalling to Support Fast Node-B Time and Rate Control

This chapter describes one possible solution for signalling to support the method.

7.1.2.5.1 L1 Signalling

Two new L1 messages are introduced in order to enable fast time and rate control between the Node B and the UE.

· Scheduling Information Update (SI), sent in the uplink by the UE to the Node B. With the SI the UE can provide the Node B buffer occupancy and rate or power information so its scheduler(s) can maintain fairness and determine the UEs TFCS indicator and appropriate transmission time interval.

· Scheduling Assignment or Grant (SA), sent in the downlink by the Node B to the UE.  With SA, the Node B can set the TFCS indicator and subsequent transmission start time(s) and time interval(s) to be used by the UE.

7.1.2.5.2 RRC Signalling  (TBD)

7.1.2.5.3 Iub/Iur Signalling  (TBD)

---------------------- end of text proposal  ---------------------------------------------------------------
2. Conclusions

This paper proposes a scheme to be studied further in the Enhanced Uplink study item. It is proposed that the above text proposal be included into TR25.896 [2].
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� Note that power status is also effectively updated at the serving Node B(s) by each uplink data transmission from the accompanying TFCI or TFRI information. It also may be advantageous to include buffer occupancy updates at the time of each uplink transmission in addition to periodic or triggered updates.


� Note that UE maximum power capability along with knowledge of the UE DPCCH power can be used for determining the TFCS indicator.  Equivalently, Ec/Nt for the DPCCH measured at the Node B along with UE power margin to DPCCH power ratio can be used for determining the TFCS indicator.





