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1 Introduction

Time Scheduling is taken into consideration when the “Node B controlled TFC subset” of different UEs is updated such that only a small set of the UEs have the possibility of transmission. In 7.1.4, TR25.896 [1], a possible approach is outlined where UEs may transmit the data with a probability assigned and controlled by Node B. To prevent UE’s, in rate control mode, to introduce additional interference, the probability of transmission is determined based on the available interference and the interference system can tolerate. There are shortcomings with this proposed technique:
· Under this proposal, UEs with delay sensitive services may suffer longer delays than appreciated for the following two reasons:

1. These UEs may already have a full data buffer, which means they will drop data if the existing data is not transmitted and their transmission turn is not granted. Considering only the interference level may ignore condition of UEs with critical buffer status. 

2. Furthermore the approach in 7.1.4 is random is in its nature, and does not guarantee that UEs with a critical data buffer status definitely will get a transmission turn. This will imply degradation in performance for UEs with real-time conversational streaming services in terms of 95 percentile delay and QoS. 

· It has been mentioned in TR 25.896, that the way the proposed algorithm in 7.1.4, will operate in SHO is unknown and considered as FFS in 7.1.4.1.

· Any decision made by RNC on the transmission turn of UE is not fast enough and can not cope with fast changing status and occupancy of buffers of UEs.          
2 Enhanced Time scheduling based on a Comparative Metric: Availability of the Comparative Knowledge of Buffer Status of other UEs to each UE

In this paper a deterministic cooperative approach is proposed as an alternative for random time scheduling when UEs with real-time delay sensitive conversational services are present. The decisions on transmission turn of UEs are made based on a congestion-based Comparative Metric (CM),   to decide which UE should transmit and when. The interference consideration may also take into account. The proposed CM-based time scheduling technique has the following advantages: 
· Being aware of the rapid variations of buffer load conditions of other UEs and its relative standing among other UEs, each UE agrees to not transmit for a deterministic period of time if other UEs are suffering from critical load conditions and this UE do not have a lot of data to transmit.  Thus resulting in a cooperative approach which leads to fast response to the rapid variations of buffer occupancy of UE and prevents packet dropping and provides a congestion control in UE level. 
· Unlike the persistence control based algorithm in TR 25.896, CM-based time scheduling is not random and it guarantees that UEs have their transmission turn after a certain period of time. This is vital for UEs with delay sensitive applications since they don’t wait for longer than necessary to have their active transmission period.

· Unlike the persistence control based scheduling proposed in TR 25.896, for which, the operation in soft handoff is unknown and is proposed as FFS in 7.1.4.1, for CM-based scheduling the operation in soft handoff is defined in [6].       
· The early simulation results in [5] has shown that this CM based time scheduling will lead to significant improvements in terms of delay, 95 percentile delay, throughput and fairness of data delivery.  
3 Proposal
Text proposal attached in Annex A is proposed for inclusion in TR25.896.  
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Annex A:  Text Proposal

The following text is proposed as a new section 7.1.5 of TR25.896 v1.0.2 (2003-10). This is a proposal which describes how the notion of considering the UE's and other UE's buffer status, proposed in R1-031117, can be captured in the scheduling scheme descriptions. 

7.1.5. Enhanced Uplink Time Scheduling by Availability of the Comparative Knowledge of Buffer Status of other UEs to each UE

For UEs with low delay tolerance services, a deterministic cooperative approach is proposed in this section for time scheduling to determine which UE should transmit and when.  This approach uses congestion-based Comparative Metric (CM), signaled by Node-B.  The Congestion Metric is described in previous sections.   The following advantages are identified for this approach:
· Being aware of the rapid variations of buffer load conditions of other UEs and its relative standing among other UEs, each UE agrees to not transmit for a while if other UEs are suffering from critical load conditions and this UE has not a lot of data to transmit.  Thus resulting in a cooperative approach which leads to fast response to the rapid variations of buffer occupancy of UE and prevents packet dropping and provides a congestion control in UE level.

· CM-based time scheduling is not random and it guarantees that UEs have their transmission turn after a certain period of time. This is a vital feature for UEs with delay sensitive applications since they don’t wait for longer than necessary to have their active transmission period.

· The proposed technique introduces the concept of controllable fairness. The congestion control is being performed in UE level. 
· Node B is still capable of biasing CM values in a way to include its requirements  in terms of acceptable noise and interference levels. The result is a decision on the small group of transmitting UEs (time scheduling decision) which is not only made based on noise and interference level in Node-B but also based on congestion and comparative status of buffer occupancy. 

For each UE the sent CM values are employed to compute a value 
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 as described in previous sections. This value is employed to determine the silence or no-transmission period for each UE after a transmission session (per uplink scheduling event e.g. 1TTI) so that:
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where 
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 is the maximum waiting time assigned to source UE k and service group j and floor(.) is a mathematical operator which determines the lower integer part of any given real numeric value. Assuming that 
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 can be represented as U TTIs, to decide if the UE can transmit in current TTI or uplink scheduling event the following condition should be satisfied:
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where mathematical operator %, determines the residue when the current timing m is divided by integer presentation of waiting time. 
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