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1 Introduction

This document is to outline the existing problems with the interactions of uplink scheduling entities, in current TR 25.896, and suggest enhanced and simple mechanisms to solve the problems.

In this contribution, an enhanced uplink scheduling technique for soft handoff is proposed. 

· In Section 7.1.3 of TR25.896, the situations were described when Node-Bs as main uplink scheduling entities interact. It has been highlighted that if multiple Node Bs are identified as valid entities, a UE in a SHO region may receive different scheduling assignment from multiple Node Bs and hence UE operation upon receiving the scheduling assignments should be defined. 
· In TR25.896 two examples are presented:

1. The first suggestion in Section 7.1.3 of TR25.896 is that “UE chooses the scheduling assignment from the ones indicated by Node-Bs. For example, either the best scheduling assignment or the worst one can be chosen”:

The problem is that UE somehow in an efficient way should be able to evaluate which scheduling assignment is the best and which one is the worst. This is not explicitly explained in TR.896. 
2. The second suggestion in Section 7.1.3 of TR25.896: “UE combines the scheduling assignments from the controlling Node-Bs based on a certain algorithm. For example UE generates a single assignment by applying the weighting mechanism factor (determined by the network) to each scheduling algorithm”:

The combination algorithm is missing from TR25.896 and the nature of weighing mechanism is not explained explicitly and in details. In current contribution we propose a combination algorithm to overcome this shortcoming in TR25.896.  
· Furthermore in Section 7.1.3 of TR25.896, it has been suggested that “various options to be considered in particular in presence of link imbalance”: Current proposal outlines an option which makes it possible to reduce the existing imbalance in terms of traffic load. 
· The highlighted problem in [4], extends itself to SHO case: The UE’s freedom to select a TFC from a group of restricted subset assigned by controlling Node-Bs (or possibly the a combination of those TFC subsets), without taking into consideration of the buffer status of other UEs served by all the controlling Node-Bs, also impacts and degrades the efficiency of overall congestion control from controlling Node-Bs. 

The highlighted problem in [5], extends itself to SHO case: Referring to [5], Random selection   of small group of transmitting UEs in SHO mode have the same problems in non-SHO case: The transmission turn is not guaranteed when selection is made on a random basis. This will lead to unacceptable delays for UEs with delay sensitive services. 

  
2 Efficient Selection of Scheduling Assignment in Soft Handoff Region based on a Comparative Metric:
In current contribution, we propose an algorithm which enables UE, in a simple manner to qualify the scheduling assignments in SHO region. In soft-handover, the Comparative Metrics (CMs) from each Node B used at UE to identify comparative loading of each of the active cells in the soft-handoff. More the congested cell more the competition UE will face in scheduling its data.  The metric allows rapid update of congestion information which when combined with the radio channel state information can allow a proper choice of Node B. After selection of scheduling assignments in UE based on CM values, a CM-based TFC selection within the resulting TFC subset, similar to the one proposed in [4], is supported which makes a congestion aware TFC selection in UE possible and improves overall balance of traffic load in SHO region. Furthermore deterministic time scheduling similar to the one proposed in [5] is supported which guarantees a transmission turn and avoids unacceptable levels of delay for UEs with delay sensitive applications.         
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 ACK/NACK signalling on the downlink for that UE.

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.
The proposed CM-based handoff is explained in Figure 1, where source UE A is trying to evaluate two available choices to reach destination UE A and delivers its packets to this destination UE A. It is assumed that Node-B1 can serve source UEs A, B, C, D. Source UEs A, E, F, G can be served by Node-B2. It is assumed that UE A experiences similar radio channel conditions and SINR ratios from both Node-B1 and Node-B2. It can be seen that for current TTI or uplink scheduling event source UE A has 85% of its data buffer full. This value is 20% for UE B, 30% for UE C and 10% for UE D. For Node-B2 these values are 90% for UEs E, F and G. It is also assumed that CMi1 represents the comparative metric related to distance from average and CMi2 is the comparative metric value related to distance from minimum ratio, received from Node-Bi. It can be seen that UE A has received C11=0.49 which means the amount of data in its buffer is well above the average amount of ratios of all UEs served by Node-B1. It also receives a CM12=0.75 meaning that it is far away from UE from minimum buffer data of UEs served by Node-B1. At the same time it has received values CM21= -0.0375 and CM22=0 from Node-B2. By looking at these two values, source UE A realises that with almost a full buffer data of 85% full, it has the minimum buffer length among all the source UEs served by Node-B2. Which of course it is below the average buffer length of source UEs served by Node-B2. Source UE A conclude that if it relies on scheduling assignment issued by Node-B2, since it faces fierce competition from source UEs E, F and G which already has full buffers, it will have lower transmission rates. This means also by relying on scheduling assignment issued by Node-B2, source UE A will experience less efficiency than when it relies on Node-B1 scheduling assignment, which offers less congestion and less competition at uplink. 
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Figure 1 Efficient Selection of best Scheduling Assignment based on Comparative Metric in Soft Handoff Region 
UE also creates a buffer and history of received CM values received from multiple Node-Bs and therefore can establish a CM history for each Node-B in active set.      

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 7.1.3.1 of TR25.896 v1.0.0.

7.1.3.1 Efficient Selection of Scheduling Assignment in Soft Handoff Region based on the Comparative Metric
When multiple Node Bs are identified as valid entities, a UE in a SHO region may identify the best scheduling assignment among the received different scheduling assignments from multiple Node Bs or combine the received scheduling assignments efficiently by employing the  Comparative Metrics (CM) defined in the previous sections. By measuring the distance of performance of current UE from other UEs, CM gives the UEs capability not only to know how well they are doing comparing to other UEs in terms of for example buffer occupancy or reaching destination, 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 that Node B as favourite. Consequently UE can identify the best and worst scheduling assignments and for example disregard the scheduling assignments issued by highly crowded and congested Node Bs and rely on less congested Node Bs instead.

UE also creates a buffer and history of received CM values received from multiple Node-Bs and therefore can establish a CM history for each Node-B in the active set.  Therefore:

1. UE chooses the scheduling assignment from the Node-B that provides the best sum of CM values and the best CM history (the most positive trend of CM values). The TFCs are decided based on value ( (e.g. resulted from averaged CM values of controlling Node-Bs) and CM based TFC selection explained in Figure 1 in [4].     

2. As another alternative UE chooses the best two Node-Bs with best provided sum of CM values and best history of CM. UE then combines their CM values (e.g. determines the mean of received CM) and employs this CM value to determine ( and choose the best TFC as it was explained in previous sections. UE also determines the overlap between the “UE allowed TFC subsets” assigned by involved Node-Bs to come up with a final subset, from which, the final TFC will be selected by UE.
3. After selection of scheduling assignments and forming a unique TFC subset in UE, based on CM values, a CM-based TFC selection within the resulting TFC subset is performed, similar to the one proposed for non-SHO region.
4. Deterministic time scheduling similar to the one proposed in non-SHO region is supported which guarantees a transmission turn and avoids unacceptable levels of delay for UEs with delay sensitive applications.         

5. This means UE disregards and ignores the scheduling assignment from controlling Node-Bs that has provided poor CM history and currently serving many UEs and suffer from congestion and high traffic load and high level of interference. Since these Node-Bs still receive the data they will end up with even higher congestion and interference level. These Node-Bs eventually will be dropped from active set. 
6. However if the higher level of congestion in short time is intolerable for the Node-B with highly congested and poor CM history, UE will signal one bit request to remove that Node-B from its active set of controlling Node Bs. It is up to network to grant this request. In a similar manner, other UEs may send this request and if it is granted, they will migrate from the non-efficient congested Node-Bs to less congested and more efficient controlling Node-Bs which have provided a better CM history so far. Consequently number of served UEs for congested Node-Bs will become more moderate. The traffic load and interference imbalance situation will improve and the congestion and traffic load will be distributed in a more moderate way between involved controlling Node-Bs. The result is a better interference scenario all over the network and better performance in terms of sector throughput, 95 percentile delay and QoS.
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