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1 Introduction

Current document is to propose optimised interaction mechanisms between different uplink scheduling entities and introduce further enhancements for uplink scheduling. 
Uplink scheduling entities include both UEs and Node Bs. It is possible to enhance the interaction between the involved uplink scheduling entities in SHO region. There are fundamental problems and shortcomings with the proposed uplink scheduling strategies in TR 25.896 [1]: 
· The proposed uplink scheduling techniques distribute the scheduling functionalities among UEs, without distributing the necessary knowledge among them (e.g. what's happening with the data buffer of other UEs in a comparative manner). Under the current proposed techniques in TR.25.896 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. 

· This situation does not exist for downlink scheduling when Node B has both centralised information about all the queues of all UEs and centralized functionality. In uplink, if UE relies on just its own buffer status, it might come up with an unfair uplink scheduling decision: For example, when some of other UEs have almost a full buffer and close to losing data and are in desperate need for higher rate and less interference, since the UE of interest is not aware of their status, picks a TFC which provides a high transmission rate. This results in extra interference and high congestion on other UEs, making the situation even worse for those UEs which are already in a critical condition.

· Under current proposals in TR 25.896, Node B is controlling the congestion. The congestion control in UE level, within its restricted TFC selection range, is not supported and not possible, because UE has not necessary information (e.g. the buffer occupancy of other UEs) to make efficient decisions that have positive impacts on overall congestion of data.
· In Soft Handoff (SHO) region, when UE receives different scheduling assignments from the controlling Node Bs, the explicit method to qualify the scheduling assignments is unknown and not mentioned in TR 25.896.

· Techniques have been proposed to decide about the transmission turn for UEs (time scheduling techniques, for example persistence controlled rate scheduling). It is not known how these techniques would work in SHO region.  
· Random assignment of transmission time to UEs, as proposed in 7.1.4 of TR 25.896, is not feasible for real-time conversational services, since it does not guarantee a transmission turn in short time, which will lead to unacceptable delays for the delay sensitive UEs.            
· The advantages and functionalities of Node B controlled uplink scheduling in SHO region is under question. When Node B controlled scheduling is not seen as feasible, TR 25.896 is suggesting switching off Node B controlled uplink scheduling in SHO region without providing a clear alternative strategy. 
· In qualifying the scheduling assignments and deciding which scheduling assignment is good and which one is bad, it is helpful for UE to know, if a controlling Node B is becoming more and more populated in terms of served UEs or it becomes less and less congested. Or if Node B serving many UEs with full buffer or just a few with almost empty buffer. For proposed uplink scheduling techniques in TR 25.896, UE does not have this helpful information. UE does not have any idea about the trend of traffic congestion handled by different Node Bs.   
2 Outline of Solution, advantages:
The proposed technique in current contribution and [2-5] solves the mentioned fundamental problems and overcome the shortcomings of proposed techniques in TR25.896, by providing UEs with the information about the buffer status of other UEs as a metric called Comparative Metric (CM). It creates the possibility of having a deterministic congestion oriented time scheduling which is described in details in [4]. The application of CM metric to SHO region is described in [5]. The following highlights the advantages of employing CM metric: 
· By knowing the other UEs buffer status, UE makes a better decision and avoids more congestion for other UEs. The result is a cooperative approach among UEs which will lead to simultaneous improvements in terms of throughput, delay and fairness. 
· Each UE is aware of possible critical situation of UEs which are already having full buffer and critical conditions. By selecting the proper TFC in the UE allowed TFC subset, UE allows those UEs with full buffer to empty their buffers and suffer less delay and fewer packets dropping rate. This is vital for real-time conversational services.Therefore congestion control is being performed in both UE level, within its restricted TFC selection range, and Node B level.

·  Employing CM values [2-3], gives the UEs capability not only to know how well is doing comparing to other UEs in terms of buffer occupancy, it also gives the UE unique capability to classify controlling Node Bs in terms of congestion of data and competition UE will face if considers  any Node B. Consequently UE can disregard the scheduling assignments issued by highly crowded and congested Node Bs and rely on less congested Node Bs instead. Therefore UE can come up of with an efficient strategy to select the best scheduling assignment or combine them. 
· UE can send one bit request for the removal of Node-B with poor CM history from its active set. If granted by network, UE start to migrate to Node-Bs with less data congestion. The result is:

1. Less congestion for heavily loaded Node Bs.
2. Reduction in downlink signalling due to reduction of congestion.
3. Better and balanced traffic load conditions.
4. Better and more uniform distribution of UEs among controlling Node-B resulting in better link balance and interference scenario.   

· CM values create the possibility of deterministic time scheduling rather than making decisions on a random basis as proposed in 7.1.4 of TR 25.896. This will avoid possible long delays for real-time conversational services.  
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Annex A:  Text Proposal

The following text is proposed for TR25.896. It is a revised version of text proposal already included in R1-031117. It also proposes a new 7.1.2.4 section. 
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.

In order to achieve a better QoS and fairer scheduling decisions, Node B may also create relative Comparative Metric (CM) for UE using, for example, a combination of the following:-  

· It employs buffer status information received from UEs to create another comparative metric. This metric explains how much congestion is faced by each UE at uplink. Each UE is aware of buffer filling status of other UEs. 
· It may also employ information for each UE such as the achieved QoS or latency to the destination and use such information to create a comparative metric for each UE. This comparative metric reveals how well each UE is doing the term of QoS provisioning comparing to other UEs.

Node B sends CM along side the TFCS to each UE for determining the UL scheduling events.  In addition, it is also useful to utilise historical information and trend for each UE to determine the CM and control scheduling events for a better QoS and UL load balance.

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 signalled 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.  In addition, UE may also choose rate, power and transport format based on CM.  CM gives UEs information about their standing among other UEs in terms of relative congestion of buffer data and relative QoS or latency to the destination. The rates used by the UE could be signalled 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

· Comparative Metric (CM) for each UE

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 7.1.2) 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 signalling 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.










� 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.
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