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1. Introduction

N.B. This is an update to R2-051279, with the behaviour for RGs corrected

In this paper we address two key issues in relation to the handling of Relative Grants:

· The RG step size

· The handling of RGs when the SG becomes close to zero.

2. Setting the RG Step Size

In the current stage 2 specifications for E-DCH [1], the E-DPDCH/DPCCH step sizes (in response to relative grants from serving and non-serving RLSs) in RG-based mode are not yet defined:


   -     New SGi = Last used power ratio (i) + Delta   (UP) or:
   -     New SGi = Last used power ratio (i) - Delta    (Down)

Some possibilities for setting the RG step size were discussed in [2].  We recommended allowing a limited set of RG step sizes (e.g. 2 or 3), which could be configured on a per-UE basis by RRC signalling on E-DCH setup. This would allow some flexibility for different operators to configure their networks in different ways, but without undue complexity. 

Here we focus on considering what should be the minimum step size. This could be the only step size available, or alternatively the smallest of a set of step sizes. 

2.1 RG step size analysis

In principle, the minimum step size determines the granularity with which resources can be re-allocated between users in a cell. 

We consider a typical example where the total RoT resources in a cell are used by E-DCH transmissions from a number of simultaneous UEs. If another UE needs to start transmitting at a similar rate, it would be useful to be able to reduce the rate of all the original UEs by just enough to allow the new UE to transmit. 

This means that one way to decide the RG step size is to consider the number of UEs whose transmission rates would be adjusted simultaneously in the above scenario. 

A similar example occurs when one of the simultaneously-transmitting UEs stops its E-DCH transmissions, and the scheduler wishes to divide the released resources between the remaining UEs. We use this example in the analysis below, but the reasoning is also applicable to the first example. 

We assume that the total available resources in a cell is T.  This is divided between N active UEs. Then when one active UE is removed, its average resource usage, 
[image: image1.wmf]N

T

, is distributed amongst the remaining N–1 UEs, giving an additional 
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for each of the remaining users. 

Assuming each UE was using 
[image: image3.wmf]N

T

, the new resource allocation for each remaining UE is 
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If we take N = 8 as a reasonably typical initial number of active UEs, then the average resources allocated to each remaining UE would be increased by a factor of 1.14 (equating to 0.57 dB). 

Any larger number of active UEs would need a finer granularity of resource allocation in order to enable this kind of resource re-allocation. 

We therefore recommend that an RG step size of 0.5dB should be available in order to facilitate the allocation of resources between UEs (either as the only value or as one of a set of values). 

3. Handling of RGs when the SG becomes close to zero

One problem with relative grants being defined in dB step sizes (i.e. a ratio of the current grant) is that the SG becomes uselessly small but can never actually reach zero.  

This means that the scheduler cannot use RGs to switch off a UE’s grant. Furthermore, it can be necessary for the UE to need large numbers of “up” RGs before its SG reaches a useful level again. In other words, the UE can become "trapped" in a low grant state, waiting for multiple RG “ups” or a new AG. 

One possible solution to this is that the UE compares the current serving grant (SG) to a threshold, and when this threshold is reached the grant is set to zero. 

This solution is shown in figure 1 below. When acting on either Primary or Secondary grants, the SG is compared to a threshold value that if reached then sets the SG to zero.
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Figure 1: Setting SG to zero when RG “down” takes it below a threshold

Another possibility is shown in figure 2, where the UE can move directly to the Secondary SG>0 state. This could also be conditional on having previously been controlled by grants associated with the secondary identity, as shown by the decision box "moved from secondary?"
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Figure 2: Direct move to Secondary SG if previously following Secondary grants

This has the advantage of better predicting the likely transmission rate requirements of the UE. For example, if the UE was originally part of a group allocated a low continuous rate, and was then granted its own higher rate using its primary identity, then when its own grant was cancelled (e.g. at the end of a data burst) the UE would be more likely to want to switch back to its previous continuous low rate than to stop transmitting altogether (e.g. if another low-rate background transmission was ongoing). (The UE could still be stopped from transmitting altogether if desired, simply by sending it a second AG=0 with the primary identity.)  Conversely, if the UE had previously had no grant before being granted its own higher rate using its primary identity, then when its own grant was cancelled the best assumption is to switch back to a zero SG.

Finally, if the SG is set to zero as a result of an RG “down” taking it below the given value, the UE could interpret the next RG “up” as an indication to restore the SG to its previous value, as shown in Figure 3 below. (Note that only the grants from the Primary identity are shown in this figure; similar behaviour would occur with grants from a Secondary identity.)
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Figure 3: Primary RG Handling with possibility to restore SG from zero on reception of RG “up”

4. Conclusions

We propose:

· An RG step size of 0.5dB should be available in order to facilitate the allocation of resources between UEs (either as the only value or as one of a set of values).

· When the Primary SG falls below a given value as a result of repeated RG downs, the UE should either set the SG to zero or switch to listening to Secondary AGs.

· If the SG is set to zero as a result of an RG “down” taking it below the given value, the UE could interpret the next RG “up” as an indication to restore the SG to its previous value. 
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