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1. Introduction

Current proposals (detailed in the latest version of the MAC specifications [1]) specify the behaviour of absolute grants (AGs) and relative grants (RGs). UEs maintain a Serving Grant (SG) and the list of active HARQ processes based on the received absolute and relative grant commands. Each absolute grant or relative grant command is applied at a specific TTI. 

All-process absolute grants change the value of the Serving Grant SG without affecting which of the processes are active, whereas single-process absolute grants set the current process to active or inactive as well as updating the value of the SG. The scope of absolute grants (i.e. all-process or single-process) is indicated by an "all process" flag which is sent together with the grant value.

Relative Grants set the SG relative to the E-DPDCH-to-DPCCH power ratio used for the previous transmission of the HARQ process in question. Note that, as this sets the SG, the implementation of a RG also affects subsequent transmissions on different HARQ processes in the same way as AGs.

2. Currently-assumed behaviour with Relative Grants

The above behaviour can give undesirable results in some cases when absolute and relative grants are received in sequence.  

As an example, Figure 1 shows a case when a UE's SG is set at a first value in TTI1. During this TTI the UE transmits data using HARQ process 1, using the maximum E-DPDCH-to-DPCCH power ratio indicated by the SG. 

For TTI2, the UE receives an AG to reduce the SG to a lower value. If in TTI9 the network now wishes to reduce the UE's granted E-DPDCH-to-DPCCH power ratio incrementally (i.e. by a further 1dB without incurring the relatively high signalling overhead associated with sending an AG), the logical signalling method would be to send a RG “down”. However, in this case a "down" relative grant would be applied relative to the transmission power actually used in TTI1, which would therefore result in an unwanted increase in the data transmission power compared to the level used in the previous 7 TTIs (which was reduced in line with the constraint imposed in TTI2 by the absolute grant). 
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Figure 1: Undesirable behaviour with RG "down"

According to the current behaviour, the network therefore has no way to reduce the SG in TTIs 2-9 without using another AG with its associated overhead in signalling (or waiting till TTI10). 

Likewise, the network has no way to increase the SG incrementally by one step in TTIs 2-9, as an "up" RG could cause the SG to be raised by much more than one step, as shown in Figure 2.


[image: image2.wmf] 

SG reduced according 

to new AG received

 

SG

 

time

 

TTI 1

 

TTI 2

 

TTI 9

 

TTI 8

 

TTI 7

 

TTI 6

 

TTI 5

 

TTI 4

 

TTI 3

 

SG updated according 

to +1dB relative grant 

received 

–

 SG increases 

by much more than 1dB

 


Figure 2: Undesirable behaviour with RG "up"

A further problem with the current assumption on the reference point for the RGs occurs if no data was transmitted in the reference TTI – for example if there was a compressed mode transmission gap in the case of 2ms TTI. This issue has already been identified in [2], where it was proposed to refer back to the last-but-one TTI for the current HARQ process instead of to the last TTI for the current HARQ process.

These problems indicate that a better set of rules is needed to determine which value to use as the reference for Relative Grants. 

3. Proposed rules to define reference point for RGs

3.1 If the E-DPDCH to DPCCH power ratio was not zero in the last TTI for the current process, and no AGs have been received since the last TTI for the current process 

In this case, the current behaviour seems reasonable – i.e. the reference point for the RG is the actual used E-DPDCH transmission power for the previous TTI for the current HARQ process. 

3.2 If the E-DPDCH to DPCCH power ratio was zero in the last TTI for the current process, and no AGs have been received since the last TTI for the current process 

In this case, two options could be considered:

1. Refer back to the last-but-one TTI for the current process (as proposed in [2]);

2. Use  “minimum grant” as the reference level. 

Option 1 seems generally reasonable, except that there remains a question as to how far back the UE should refer if the rate in the last-but-one TTI was also zero. It does not seem desirable to have to keep a record of the rate a large number of TTIs ago. Further, if no data was ever transmitted on that process before, there is no reference value available. 

The initialisation value for the reference ETPR is “minimum grant”. Therefore this would seem a good value to refer to if the rate was zero in the last TTI for the current process (i.e. Option 2). 

Alternatively, a hybrid approach could be taken, as follows:

· If the E-DPDCH to DPCCH power ratio in the last TTI for the current process was non-zero, use that value as the reference. 

· Else, if the E-DPDCH to DPCCH power ratio in the last-but-one TTI for the current process was non-zero, use that value as the reference.

· Else, use “minimum grant” as the reference. 

A hybrid approach of this sort would avoid reducing the rate unnecessarily if a single transmission could not take place on a given process (e.g. due to a compressed mode gap when the TTI is 2ms), but also avoids having to look a long way back into the past. 

We propose using either option 2 or the hybrid approach. 

3.3 If an AG has been received since the last TTI for the current HARQ process

Two options could be considered for this case:

1. Use the value of the most recent AG as the reference if it was lower than the value derived in 3.1 or 3.2.

2. Use the value of the most recent “all-process” AG as the reference if it was lower than the value derived in 3.1 or 3.2.

Option 2 seems logical, as an “all-process” AG would typically be used in order to cap the rate of a UE’s transmissions, whereas a “single-process” AG would not necessarily imply such a critical limit. Therefore we propose following option 2.

In this case, the UE would behave as shown in Figure 3 if the AG for TTI2 was an all-process grant, while the UE's behaviour would remain as in Figure 1 if the AG for TTI2 was a single-process grant. The low all-process AG thus overrides the normal reference point for the relative grant “down” which would otherwise have the unwanted effect of actually increasing the currently transmitted power in the UE above the limit set by the recently-received absolute grant.
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Figure 3: Behaviour in the case of an all-process absolute grant

4.   Conclusions

It is clear that better definition of the reference point for RGs is required. In view of the above discussion, we therefore propose that the reference ETPR is derived as follows:

if no all-process AG was received since the last TTI of the current HARQ process:

set Reference_ETPR = max(Minimum Grant, E-DPDCH to DPCCH power ratio used for the previous TTI of this HARQ process);

else:

set Reference_ETPR = min(E-DPDCH to DPCCH power ratio of the most recent “all HARQ process” AG, max (Minimum_Grant, E-DPDCH to DPCCH power ratio used for the previous TTI of this HARQ process)).;

A CR following this approach is attached. 

Alternatively, if the hybrid approach explained in 3.2 above is preferred, then the reference ETPR is derived as follows:

if no all-process AG was received since the last TTI of the current HARQ process:


set Reference_ETPR = NON_AG_REF [where NON_AG_REF is derived as explained below];

else:

set Reference_ETPR = min(NON_AG_REF, E-DPDCH to DPCCH power ratio of the most recent “all HARQ process” AG);

NON_AG_REF is derived as follows:

If the E-DPDCH to DPCCH power ratio in the last TTI of the current HARQ process was non-zero: 


set NON_AG_REF = E-DPDCH to DPCCH power ratio in the last TTI of the current HARQ process;

Else: 

If the E-DPDCH to DPCCH power ratio in the last-but-one TTI of the current HARQ process was non-zero):


set NON_AG_REF = E-DPDCH to DPCCH power ratio in the last-but-one TTI of the current HARQ; process 

Else: 


NON_AG_REF = minimum_grant.
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