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1. Introduction

Power saving and signalling load reduction are discussed under enhancement for Diverse Data Application. As discussed in RAN2#77, the radio resources management may take into account the application characteristics in order to handle a large number of mobile terminals with diverse data application.  Based on the discussion in RAN2#77, it was concluded that assistant information provided by the UE to the network is considered useful. However, further investigation is required to decide which information should be provided. In addition, the further investigation should address multiple simultaneous applications running. In this contribution, we discuss what parameter may be useful at the network in radio resource configuration and radio resources management if the UE is able to provide the required information.

2. Discussion 
Considering the main aspects of power saving and RRC signaling load reduction, the following parameters have some influences, hence should be considered in the further investigation of which assistance information could be provided to the network by the RRC_Connected UEs. These procedures are PUCCH configuration (D-SR, CQI/PMI/RI and ACK/NACK), maintenance or release of RRC connection and DRX configuration.

CQI/PMI/RI and ACK/NACK primarily used in assisting the downlink data transmission. Therefore, the parameter could be set according to the expected downlink data characteristics. D-SR configuration however is to provide dedicated UL resources for the transmission of scheduling request upon the arrival of uplink data at the transmission buffer. Therefore, D-SR configuration may consider the UL traffic arrival profile. However, according to the current specification D-SR is configured per UE. Even though, the traffic arrival due to background applications are infrequent, D-SR configuration should also be cater for data arrival on high priority bearers or transmission of measurement report. Therefore, extend of D-SR periodicity should also consider the above scenarios.
Decision to maintain or release of RRC connection depends on many factors such as amount of RRC signaling, the UEs inactivity time, and the UE mobility. One parameter the UE could provide to assist the network decision to maintain or release of the RRC connection is the expected time for next packet arrival. This includes expected time for next packet arrival in both uplink and downlink direction. If the expected packet arrival time is larger than a threshold parameter the network may be informed of the value. However, it is questionable whether the UE would have a sufficient knowledge of expected time for the next packet arrival considering multiple simultaneous applications.

For DRX configuration, the network should have knowledge of down link traffic profile. Note that the according to the current specification per UE DRX is considered. In order to provide useful information to the network to be used for DRX configuration, the UE should have a good knowledge of expected downlink traffic profile over the radio interface considering multiple applications.
Observation 1: Information regarding expected time for next packet arrival (UL at the UE and DL at the eNB), and expected uplink/downlink data profile over radio interface may be useful at the network.
Expected downlink traffic profile may be useful in optimal configuration of PUCCH resources for CQI/PMI/RI, ACK/NACK and DRX. Note that what may be useful for the above configuration is the expected downlink traffic profile over the radio interface (ie. expected traffic profile at the eNB). The data generated at the application has traveled many interfaces including UMTS/LTE radio interfaces prior to arrival at the eNB. The scheduling and delivery mechanism used for transmission over these interfaces would have modified the output data characteristic of the application. Therefore, when considering the UE assisted parameter for configuring PUCCH resources and DRX configuration, the modification may have introduced by the transmission medium priori to the data arrival at the eNB should also be taken into account. It is questionable whether the UE would have knowledge of the transmission medium involved. 
Observation 2: Downlink traffic characteristics as seen by the eNB should have taken into account the medium the data has traveled prior to the data arrival at the eNB.
When considering the expected downlink traffic characteristics at the eNB, not only the mean inter arrival time but also the deviation of the inter arrival time are useful. Another parameter which should also be considered is the delay tolerance requirement of the application. If the delay tolerance requirement is such that the application can tolerate very large packet delay budget, DRX could be configured with the maximum periodicity regardless of the expected packet inter arrival intervals of multiple applications. 
In this scenario, the downlink data arrived at the eNB are buffered and transmitted to the UE at the configured DRX on duration. However if the delay tolerance requirement of the applications are different and more stringent, the DRX configuration should take into account the packet inter arrival time and delay requirement of the application. 
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Figure 1: example of optimal DRX setting considering traffic characteristics of applications.
An example scenario with multiple background applications running is shown in Figure 1. Application 1 is light weight background with 2sec mean packet inter arrival time while application 2 is another background traffic with 3sec packet inter arrival time. It is assumed both applications are mapped to the same bearer (eg: default bearer with 300ms of packet delay budget (PDB)). Considering that the applications are mapped to the same bearer, it is expected the delivery of the data with the same packet delay budget after arriving at the eNB. Therefore, when both applications are running at the same time, a short DRX periodicity should be considered to satisfy the QoS requirement of the bearer. 
According to the current QoS procedure, the bearer mapping is performed by the PCRF rule. Upon the bearer mapping, the data is delivered such a way to satisfy the bearer QoS requirements. Therefore the true QoS requirement of the application is some what hidden from the eNB. For example application 2 may have very low delay requirement with PDB of 500ms. The application may be mapped on to the default bearer which has 300ms of PDB requirement. Thus packet form application 2 expected to be delivered no later than 300ms upon arrival at the eNB even though it’s true delay requirement is 500ms. 

If the true QoS requirement of the application is known, this may be used for the optimal setting of DRX configuration when multiple background applications are running. Referring to example shown in Figure 1, the same DRX as when application 1 is running could be used without modification when both application 1 and 2 are running, if application 2 is delay tolerant with large PDB requirement.

Considering that the current QoS procedure is not be modified and bearer mapping is performed by node outside of RAN (PCRF rule), the eNB always schedules the data to guarantee the QoS of the radio bearer where the application traffic is mapped to even if the true requirement of the application is more relaxed than that of the corresponding radio bearer. 

Observation 3: The downlink traffic characteristics if provided by the UE should also take into account the QoS requirement of the corresponding radio bearer where the application is to be delivered on.
If information is to be provided by the UE to the network in assisting the radio resource configuration and radio resource management for the specific UE, a such procedure is required to be testable to guarantee a reliable system operation. Therefore, in addition to Observation 1 to 3, testability aspect of the UE assisted procedures/parameters should be taken into account in the design of standardized solutions.  
3. Conclusion

Following the discussion in RAN2#77, this contribution discusses the possible parameters (if the UE is able to provide) which could be useful to the network in configuring the radio resource parameters and radio resource management. The following observations are made. RAN2 is requested to consider the following observation in deciding the UE assisted information for efficient resource allocation and UE power saving when multiple background applications are running. 
Observation 1: Information regarding expected time for next packet arrival (UL at the UE and DL at the eNB), and expected uplink/downlink data profile over radio interface may be useful at the network.

Observation 2: Downlink traffic characteristics as seen by the eNB should have taken into account the medium the data has traveled prior to the data arrival at the eNB.

Observation 3: The downlink traffic characteristics if provided by the UE should also take into account the QoS requirement of the corresponding radio bearer where the application is to be delivered on.





















































































































DRX configuration/activation considering application 2





DRX configuration/activation considering application 1





Traffic arrival pattern for Application 1





Traffic arrival pattern for Application 2











