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1
Introduction

One promising technique to support Enhanced Uplink is Node B scheduling, which denotes the possibility for the Node B to control, within the limits set by the RNC, the set of TFCs from which the UE may choose a suitable TFC to transmit data in uplink. With Node B scheduling, tighter control of the uplink interference is made possible, potentially leading to capacity and coverage increase. 

For transmission of data, it is proposed that the UE selects a TFC that suits the amount of data to be transmitted in it’s RLC buffer, subject to constraints on the maximum transmission power of the UE and the maximum allowed TFC (TFCmax) [1]. If needed, UE can request for higher bit rate and the Node B decides whether to grant or not additional resources. Also Node B may adjust the resources allocated to all UEs according to the cell load. As a result, Node B scheduling requires signalling in both uplink and downlink: 

-
In uplink: UE requests and/or status need to be transmitted to the Node B (e.g. UE tells the Node B that it would like additional resources to be allocated, or UE signals to the Node B how much data it has in its buffer so that the Node B can assess how much resource it needs)
;

-
In downlink: the Node B scheduling commands (e.g. grant additional resource) need to be sent.

For the downlink two signalling methods are possible: 

·
An absolute method where the Node B directly signals to the UE the index of the highest TFC allowed (hereafter referred to as TFCmax) [1];

·
A step-wise method where the Node B signals UP/DOWN/KEEP commands for changing the index of the highest TFC allowed (TFCmax) [1]. This signalling is called Rate Grant (RG) commands and its size can be as low as one bit (UP command / DOWN command) or 2 bits (UP command / DOWN command / KEEP command).

There are two main advantages in using the step-wise method: 1) it requires fewer bits than the absolute method, keeping the overhead at a minimum; and 2) it can prevent a sudden increase of RoT. However if a large amount of data abruptly occurs in the UE buffer while transmitting at low data rate, it will result in long ramp up time to reach the required data rate. While this may not be a problem when the cell load is high, it becomes one when the cell load is low: the UE has to wait for a long time although it could have been allowed to use high data rate from the beginning. Additionally, when the cell load becomes critical it may be beneficial to quickly decrease the allocated resources. Unfortunately, the step-wise method does not allow this either. 

The purpose if this document is to investigate possible solution(s) in order to avoid long ramp up and ramp down time when the step-wise method is used in downlink for Node B controlled scheduling.  

2
Dynamic Step Size

As described in the introduction, it would be beneficial if the TFC step size, which is used by the UE to increase or decrease its TFCmax was not a constant but depended on the cell load. Ideally for ramp up (UP command received), when the cell load is low, the UE should be allowed to use large TFC step size, and when the cell load is high, small TFC step size should be used. Conversely for ramp down (DOWN command received), when the cell load is low, the UE should use large TFC step size, and when the cell load is low, small TFC step size could be used. An easy way to achieve this mechanism is:

1) The Node B broadcasts the cell load condition (as already proposed by Ericsson in [3]); and

2) When receiving RG commands, the UE adjusts the TFC step size according to the cell load.

During E-DCH setup, the UE receives a TFCS with n different TFCs where TFC0 is the lowest data rate that the UE can use, and TFCn-1 the highest one. A mapping between TFC step size and cell load could then be defined and transmitted to the UE along with the TFCS. For instance 4 levels could be used for the cell load where level 0 means a low cell load, and level 3 means a high cell load. A possible mapping is shown in Table 1 below.

Table 1. Example of Dynamic TFC Step Size

	Cell Load
	Ramp Up Step Size
	Ramp Down Step Size

	0
	6
	1

	1
	4
	2

	2
	2
	3

	3
	1
	4


In Table 1 we can see that when the cell load is low a large TFC step size is allowed for ramp up, and as the cell load increases, the allowed TFC step size decreases. Conversely when the cell load is low a small TFC step size is allowed for ramp down, and as the cell load increases, the TFC step size increases. If the cell load is 2 and the UE receives an UP command, it is allowed to increase its TFCmax by 2 steps. If the cell load is 3 and the UE receives a DOWN command, it has to decrease its TFCmax by 4 steps.

Now, using a TFC step size is simple but unfortunately it poses a threat for controlling the cell load: the gap between consecutive TFCs in a TFCS is probably not homogenous (the data rate increase from one TFC to another is not constant). Thus, depending on the TFC used, the step size may have a different meaning in terms of data rate and/or power increase: for instance a step size of 3 starting from TFCx may “eat” much more resources than the same step size starting from TFCy. Similarly a step size of 2 for one UE probably means something different than the same TFC step size for another UE. In terms of resources and cell load, each TFC as a cost of its own. Thus for better control of the cell load, some kind of cost should be used when allocating resources.

3
Dynamic Step Size & Cost

When signalling the TFCS to the UE, it is proposed to include a cost for each TFC. When the UE receives a TFCS with n different TFCs, logically TFC0 should have the lowest cost and TFCn-1 the highest one. An example is given in the Table 2 below. 

 Table 2. Example of TFCS and Cost

	TFC
	Cost

	0
	1

	1
	2

	2
	5

	3
	5

	4
	6

	5
	8

	6
	10


The cost could either be directly signalled together with the TFCS, derived from a fixed formula (taking for instance the data rate into account), or even be standardized for every possible TFC if the TFCs were fixed in specifications as for HSDPA. As these two last options do not introduce any signalling overhead, they should be preferred.

Then a mapping between cell load and cost is defined. The effective step size to be used by the UE to adjust TFCmax when granted additional resources (UP command received) or when removing resources (DOWN command received) depends on the cell load broadcast by the Node B and the cost variation. It seems logical that all UEs should share the same mapping. Thus the mapping could either be broadcast, directly signalled together with the TFCS, derived from a fixed formula, or even be standardized for all possible cost values. As these two last options do not introduce any signalling overhead, they should be preferred.

A possible mapping is given in Table 3 below where 4 levels are used for the cell load: level 0 means a low cell load, and level 3 means a high cell load. If the cell load is 2 and the UE receives an UP command, it is allowed to increase its TFCmax as long as the cost increase is no more than 2. If the cell load is 3 and the UE receives a DOWN command, it has to decrease its TFCmax in order to match a cost decrease of 5. 

Table 3. Cell Load and Cost

	Cell Load
	Ramp Up Cost
	Ramp Down Cost

	0
	5
	1

	1
	3
	2

	2
	2
	4

	3
	1
	5


Combining Table 3 and Table 2 we can see that if the TFC in use by the UE were TFC4 (cost 6), the cell load 0, and an UP command received, the UE would be allowed to start using TFC6 because the cost increase (4) is less than the maximum allowed (5). But if the cell load were 2, the UE would not be allowed to use TFC6 because the cost increase (4) is more than the maximum allowed (2). However the UE would still be allowed to use TFC5 because the cost increase (2) is equal to the maximum allowed. 

NOTE: 
A default behaviour in the case where the cost increase or decrease does not allow the UE to adjust its TFCmax, could be that the next TFC can always be used (since an UP or DOWN command was sent and it’s reasonable to assume the network is aware of the costs but still wants the UE to adjust its TFCmax).

The unit of the cost and load does not matter and do not need to be specified as long as the UEs and the Node B are able to relate them to a possible TFCmax increase or decrease.

4
Conclusions

For Node B scheduling, this contribution has proposed a solution in order to avoid long ramp up and ramp down time when the step-wise method is used. In brief it is proposed to use a dynamic step, which depends on the cost of each TFC and the cell load broadcast by the Node B. In practise this means:

· A cost is associated to each TFC (through signalling, calculation or even fixed in specifications);

· Node B broadcast a cell load (1, 2 or 3 bits);

· A mapping is defined between cell load and allowed cost increase / decrease (through signalling, calculation or even fixed in specifications);

· Upon receiving an UP or DOWN command from the Node B, the UE selects the TFC according to the cost increase / decrease allowed by the current cell load.

If the cost and mapping function can be standardized, this solution only requires the cell load to be broadcast in addition to RR/RG signalling.

It then becomes possible to allow very fast ramp up for the low and medium data rate while maintaining a small step size for high data rates. For instance with an appropriate configuration, the UE can leap over x TFCs and go directly from 8 kbps to 128 kbps (small cost increase) but cannot do that from 128 kbps to 2Mbps (large cost increase) based on the same criterion.
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� to avoid using additional signalling in uplink, the TFCI could be reused as proposed in � REF _Ref78784850 \r \h ��[2]�.





