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Introduction

In RAN2#45bis it was decided to use the last remaining bit on the E-DPCCH as a rate request related flag, which is also referred to as the “happy bit”. The “happy bit” is likely to be used by the serving cell to make small adjustments in the resource allocation for example by using relative grants. The criteria for the “unhappy” status of an UE are currently based on the buffer status respectively the transmission power status of the UE. This contribution discusses the setting of the “happy bit” in situations, where a UE is processing power limited. It’s proposed to add a third criterion for the setting of the unhappy status of an UE. 
Technical Background

The happy bit is a one-bit flag on the E-DPCCH, which indicates whether the UE is satisfied with the current Serving Grant. The flag is always present on the E-DPCCH. The current definition of the unhappy/happy of a UE is the following:

The UE shall indicate that it is ‘unhappy’ if both of the following criteria are met:

1) UE has Power available to send at higher data rates (E-TFCs) (link to E-TFC selection/elimination over recent past is FFS, filtering is FFS), and

2) Total buffer status would require more than X TTIs with the current Grants (where X is configurable). Details are FFS.

Otherwise, the UE shall indicate that it is ‘happy’.

Happy bit setting in processing power limited situations

Due to the stringent timing requirements for EUL there might be some extreme situations, where the UE processing power is not sufficient in order to build a complete MAC-e PDU within the time constraints as discussed in [3]. Such a situation is referred to as “processing power crunch”. As described in [3] although a UE will always initiate the construction of an MAC-e PDU depending on the exact timing requirements, on the UE downlink-processing load and on the uplink granted rate, there is a probability that the building of the MAC e-PDU would not be completed in time for the transmission. The UE will have some kind of alternative behaviour in such situation depending on UE implementation.  One alternative would be to DTX the transmissions, meaning that the UE would not transmit at all on the uplink. As this solution would reduce the amount of uplink interference in general there are some issues related to the system and UE performance as pointed out in [3]. Another viable alternative would be that UE could back-off by a certain amount from its granted rate for the uplink transmission. This solution would maintain a certain level of stability from system interference point of view. In general there are further behaviours possible depending on the corresponding UE implementation. 

In the following the “happy bit” setting in case of a “processing power crunch” is discussed in more detail. 
As mentioned above the current criteria for the “unhappy” status of an UE is totally independent from the processing power of an UE; it’s only based on the buffer status and transmission power status of an UE. From a functional point of view the happy bit can also be used by serving cell in order to detect overload situations in a neighbouring cell as explained in [1], [2]. It’s obvious from the defined criteria, that UE status is only “unhappy” when it is not limited from buffer and transmission power point of view and fully utilizing its granted uplink resources. Since the UE processing power status is not considered when determining the happy/unhappy status of an UE  it is possible that a UE fulfils the “unhappy” criteria from buffer status and transmission power point of view, however is limited in terms of processing power. Since the actual MAC-e PDU will not be available for transmission in such a situation, UE might not fully use the granted rate for the uplink transmission as shown in [3]. 
However UE would still indicate “unhappy” according to the defined criteria. As explained in [1] and [2] serving cell would erroneously assume an overload situation in a neighbouring cell in case UE is indicating unhappy but not fully utilizing its granted uplink rate. As a consequence serving cell might take actions in order to handle the alleged overload situation, i.e. restricting the resources for SHO users as mentioned in [4].  

In order to avoid such an erroneous behaviour, the UE processing power status should be considered when determining the happy/unhappy status of an UE. One simple solution would be to add a third criterion, which only allows UE to indicate “unhappy” in case the UE fully utilizes its granted resources. This would be the default case when UE fulfils the “unhappy” criteria from buffer status and transmission power status point of view and is not processing power limited. Adding the new criterion the definition of the unhappy/happy status of an UE would be the following:    

The UE shall indicate that it is ‘unhappy’ if all of the following criteria are met:

1. UE has Power available to send at higher data rates (E-TFCs) (link to E-TFC selection/elimination over recent past is FFS, filtering is FFS), and

2. Total buffer status would require more than X TTIs with the current Grants (where X is configurable). Details are FFS.

3. UE is fully utilizing its current granted resources (SG) 
Otherwise, the UE shall indicate that it is ‘happy’.

Applying these criteria for the unhappy condition of an UE would also consider the UE processing power status and hence avoid an erroneous detection of an overload situation in a neighbouring cell. 

Conclusions
This contribution discusses the “happy bit” setting when UE is processing power limited. It’s proposed to consider the UE processing power status when determining the “unhappy” status of an UE. It’s further proposed to add a new criterion for the definition of the happy/unhappy status of an UE.

The UE shall indicate that it is ‘unhappy’ if all of the following criteria are met:

4. UE has Power available to send at higher data rates (E-TFCs) (link to E-TFC selection/elimination over recent past is FFS, filtering is FFS), and

5. Total buffer status would require more than X TTIs with the current Grants (where X is configurable). Details are FFS.

6. UE is fully utilizing the current granted resources (SG)
Otherwise, the UE shall indicate that it is ‘happy’.
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