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1 Introduction

In this contribution, we propose one bit signalling (i.e. one bit out of N bits currently allocated to AG) as a cell capacity indicator in form of a Mean Buffer Occupancy (MBO), which improves the quality of scheduling in uplink by making dynamic ramping for  scheduling possible. We outline a detailed proposal for dynamic ramping which is an extended version of proposal in [3].
2 Adaptive Ramping for E-DCH Scheduling

According to the latest agreed fundamentals for uplink scheduling, UE under some conditions might ramp up from a current power ratio (i.e. transmission rate) to reach the value assigned by AG (absolute grant). An offset is considered for this process which may be decided based on an initial power ratio (i.e. bit rate). For two UEs with similar low initial power ratio (i.e. bit rate) when UEs have fairly low data rates, UE with almost full data buffer should ramp up with a higher speed than UEs with small amount of data in their buffer otherwise it will suffer from further delays.  

The idea of applying faster ramping up is beneficial as it distinguishes between UEs with critical UE buffer load conditions. UEs will enjoy less end-UE delay and overall user experience will improve cell wide. 

Therefore it is suggested that in deciding the speed of ramping and amount of offset, both initial power ratio (i.e. bit rate) and buffer occupancy should be taken into account.

The problem with relative grant (RG) is that it does not provide an indication to UE that how much it should decrease or increase the speed of ramping up process. The used power ratio (i.e. bit rate) on its own is not sufficient to make a decision on the offset value or speed of ramping up process. 

The UE with higher distance from the assigned power ratio (i.e. low bit rate) and well below absolute grant (AG) might not need to ramp up faster than normal speed as it might have small amount of data to transmit and ramping faster than the normal speed might harm other UEs with critical high amount of data in their buffer. They will suffer more interference. This is in fact the strong concept of fairness in uplink which should be taken care off. 

The low amount of data in UE buffers on the other hand, on its own, is not sufficient to not choose a fast ramping as other UEs might also have few data in their buffers.

In conclusion, it is suggested that UEs involve both the knowledge of current power ratio (its distance from AG) and a knowledge of buffer filling status of other UEs. 
If UEs somehow became aware of other UEs’ buffer filling status, it will then let them fine tune the speed of ramping up more efficiently. The transmission of capacity information in terms of mean buffer occupancy to UEs is a simple solution to this problem [1-2]. 
· Allocating 1 bit out of AG signalling can help realise the UE based selection of serving cell, assuming that:

a. UE keeps a MBO value for each Node-B. UE and Node-B both start from zero MBO when a UE joins a new Node-B.

b. Four bits are allocated in MAC-e to signal a 16 segments depth of UE buffer occupancy to Node-B in Uplink (for example each segment= 10 Kbytes for a UE buffer size of 160 Kbytes).

c. Node-B measures the mean occupancy depth, MBO, for all the UEs within a group. 

d. One bit of AGCH is used by Node-B to signal change of cell capacity in terms of mean buffer occupancy (up/down/hold) to UE.
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Figure 2 Dynamic ramping based on initial power ratio (i.e. bit rate) and capacity indicator

The involved UEs measure their distance from mean buffer occupancy and consequently select an appropriate ramping speed as illustrated in Figure 1. For example if own buffer occupancy is well above the broadcast mean buffer occupancy, proportionally higher ramping speed will be chosen. The result is a better UE experience, better end-user delay and better buffer occupancy profile.  
Note that the data for UE1 in Figure 1 data has been sitting in the UE buffer for a while and if it does not ramp up faster it will suffer from further delays. UE2 on the other hand realises that it is well below the broadcast aggregate capacity and it does not accelerate the ramping process to let UE1 recover from its critical solution.
Also note that UE2 realises that it is well above aggregate and lets UE1 recover from critical load conditions. The result is a cooperative scheduling, leading to better end-user delay, better fairness, better UE experience and less packet dropping. 
3 Detailed Implementation of Adaptive Ramping
Detailed implementation of ramping process is suggested in [3].  This paper adopts the proposals of [3] and adds adaptive ramping steps to this implementation. Please note that the added part in blue fonts indicates the added details to DoCoMo’s detailed proposal in [3].

--------- Proposed description ----------

3.1 Parameters and information received in MAC-e

When MAC-e establishes a connection, the following parameters are received from RRC the layer

· Maximum allowed initial E-DPDCH/DPCCH power offset: 
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· Maximum number of transmissions: 
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· Ramping step size: 
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 (Adapted based on Mean Buffer Occupancy (MBO) information )

· Timer to hold receiver processing resource: 
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· Number of HARQ process: 
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During the time MAC-e is active, the following information is received from the Physical layer

- Absolute grant (Maximum allowed E-DPDCH/DPCCH power offset and one bit MBO): 
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(Note that we propose to delete RGCH, serving or non-serving, from common control mode [3].  We propose to introduce “Over Load Indicator” instead of non-serving RGCH for common control mode). 
3.2 Operation 
When MAC-e received transmission data from higher layer (MAC-d), MAC-e determines the TBS by using scheduling grant 
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 which is calculated as follows.  

- At the starting time, 
[image: image9.wmf]SG

 shall be 
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- 
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is last received 
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 from Physical layer. 

- After the connection is established, MAC-e selects the maximum used E-DPDCH/DPCCH power ratio which received an “Ack” among the time 
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Where 
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 is the present time scaled by TTI (
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is calculated by using selected E-DPDCH/DPCCH power ratio.
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is the selected ramping step out of set of m possible adaptive ramping steps for current assigned AG and selected ratio.  
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is selected based on accumulated MBO information in UE and UE’s own buffer filing following the procedure below:   
     - UE determines the distance d of its current buffer filling status from accumulated MBO value. 
    - 
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where Result_of_Mapping(.) is a function that maps the distance to a ramping step (e.g. a look up table). Higher the distance from accumulated MBO, is mapped to higher ramping steps.
- On the other hand, 
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 at timing n [TTI] is determined as follows. 
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4 Conclusion

By signalling one-bit capacity (mean buffer occupancy) indicator (i.e. one bit out of 
N-bits currently allocated to AG), a cooperative scheduling mechanism based on a comparative metric [1-2] can be realised which improves performance of ramping, achieves a better fairness and user experience cell-wide by providing a dynamic ramping mechanism and reducing end-user delay.
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