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Discussion and Decision

1 Introduction
During RAN2#77 meeting, we presented simulation results on network signalling load and UE power consumption, and further proposed potential areas for enhancements in [1]. After extensive discussion, it was considered useful to provide assistant information by the UE to the network, but further discussion is required to decide e.g. which information should be provided. In particular, it is highlighted that cases where multiple applications are running on a smartphone should be taken into account and resulting signalling overhead should be taken into account [2]. It was also acknowledged that the UE assisted information should be more accurate than what network can estimate/measure or such that is not known or cannot be measured/estimated by the network.
In this paper we identify the possible UE-assisted information from UE side and elaborate on how to formulate the parameters from UE side. Referring to the brief analysis results on multiple applications, we further present our views on the UE-assisted information and propose the way forward. 
2 Discussion
2.1 UE-assisted information
As learned from the simulation results in [3-4], the optimum performance can be achieved using per-UE based release times and DRX configurations taking into account traffic characteristics, UE mobility and other relevant UE specific information. The UE-specific information e.g. traffic pattern and UE mobility status, would be helpful for eNB to decide proper UE configurations. Indeed, some of the information could be estimated somehow at eNB, however, the estimation is not accurate and very much depends on network configurations e.g. the data activity is dependent on the scheduling request pattern, and UE mobility status relies on the availability of HO history over X2. Therefore, it would be expected to have UE indicate the clean UE-specific information before going through the network to facilitate eNB configuration.
1) Inter-Arrival Time (IAT)
In previous discussion on traffic analysis, Inter-Arrival Time, i.e. the time period between two consecutive packet arrivals, has been used as one key metric to characterise the traffic pattern. By receiving the IAT from the UE, eNB is able to know the UEs’ data activity and therefore could configure proper release timer and/or DRX cycle for signalling reduction and UE power saving.
From UE side, the simplest way to obtain IAT is to do average on collected IATs over certain time period and report the average value to the network. With such information, network has better understanding on the traffic characteristics and could adjust its configuration accordingly. However, the IAT reporting is at the cost of signalling overhead to the network. The tradeoff between accuracy of IAT and the signalling overhead should be considered when reporting IAT to the network.
2) UE mobility status

It has been observed from the simulation [1] that it would be beneficial to send the UE to idle mode when it is in high mobility to avoid frequent handover procedures. 
In current specification, eNB is aware about UE mobility status based on the UE History Information delivered over S1/X2 interface [6]. The IE contains information about cells that a UE has been served by in active state prior to the target cell. However, the information could be available in a cell only when the UE is successfully handed over to the cell. Otherwise, if the UE enters a cell in idle mode and/or re-establishes to a non-prepared cell, the new cell has no way to obtain the UE history information and therefore has no knowledge of UE mobility situation. 
On the other hand, it is possible for the UE to collect the times that it has passed by cells during certain time period no matter how it enters the cell, which reflects the frequency that a UE may experience a handover/cell reselection. Having UE indicating the idle information, eNB would then know about the UE mobility status in any way and could possibility configure proper release timer and/or DRX accordingly.
Besides, from the MDT discussion, UE may have better mobility estimation than just counting the number of the cells which it passed by in the past.

In all, it would be useful to have the UE indicate the UE-specific information to help eNB to decide about proper configurations including RRC release timer and DRX configuration, which could result in optimized signalling load and less power consumption. 
Proposal1: UEs could indicate the IAT and/or the UE mobility status to help eNB to decide about proper UE specific configurations. 
2.2 UE-suggested configurations

In addition to the UE-assisted information which helps eNB to configure UE properly, there were some proposals to have UE recommending the configuration directly to eNB or providing its preference from the available choices.

1) DRX configuration

In current specification, DRX is configured by eNB where some concern arises that this may result in unnecessary high UE power consumption. One candidate solution is to have UE suggesting a DRX configuration e.g. based on its full knowledge of traffic pattern and the requirements on respective applications.
However, the network configures the parameters not only considering the expectation from respective UEs, but more relying on the overall network situation including the system load, scheduling restriction, DRX settings for other UEs etcs. It is uncertain whether and how the eNB could benefit from the suggested DRX configurations from UEs. Instead, the UE-suggested configuration may introduce more complexity to network behaviour [7]. 
Alternatively, it has been proposed to have eNB providing some choices and UE indicating its preference among them. Similarly, it is unlikely that the choices, which provided by eNB, could well fit expectations from all UEs. The possible benefit by indicating UE preference depends on how many choices are provided by the network which is at the cost of big signalling overhead as well. 
Therefore, it is unclear how the UE-suggested configuration could benefit eNB decision considering that network takes more aspects into account when deciding the proper configuration. Especially if the UE-suggested configuration could be delivered to the network, the necessity of such UE-suggested configuration needs to be carefully evaluated.

Proposal2: It is proposed to clarify how the UE-suggested configuration could benefit the network configuration and evaluate whether it is needed if UE-suggested parameters are delivered to the network.
2.3 UE-initiated procedures

Instead of suggesting specific parameters/configuration to assist eNB configuration, another approach is to have UEs initiate procedures before being triggered by network side so that UE can be in power saving mode. Currently all the procedures for UE state transition are initiated from eNB to ensure network controlled behaviour, but they are regulated by some vendor-specific timer or eNB defined configurations which may not be adapted to the various UE profile. Provided that the UE Assisted information as in 2.1 are provided to network, it is questionable whether additional UE-initiated procedures like UEs requesting releasing the RRC connection and/or the PUCCH for optimized signalling, efficient resource usage, are really needed.  
1) UE initiated RRC connection release (UE-initiated fast dormancy) 

The UE-initiated fast dormancy is already specified in UTRAN where UE is allowed to initiate signalling connection release request message to ask for releasing the RRC connection in case no more packet transmission is expected. By introducing the same approach to LTE, the UE could request releasing the connection when it sees necessary, e.g. when all applications are terminated, and eNB could either acknowledge the request and release the resources or reject the request if there is still downlink data pending depending on network situation. It is highlighted that the eNB acknowledgement is necessary to ensure network controlled behaviour.
On the other hand, similar arguments as for UE-suggested configurations could apply here, i.e. how much the eNB could rely on UEs’ requests to release the connection, and based on what criterion the UE requests releasing the connection etc. Especially if the UE sends the request improperly, it may mislead the eNB behaviour by wrongly releasing the connection and having to establish the connection once more. 

Therefore, one possibility could be UE just signal longest IAT (i.e, infinite value) to the network as an indication of all applications are terminated. Then network also takes into account the value to set the proper UE configuration. (i.e, if network sets RRC release timer to 0, UE’s RRC connection will be released right away.) 
2) UE initiated PUCCH release

According to current specification, PUCCH release is controlled by a TimeAlignmentTimer (TAT) which is configured by eNB. The reservation of PUCCH facilitates UEs’ access by pre-allocating dedicated resources for scheduling requests; but the PUCCH is utilized inefficiently considering the low data activity for background applications which results in resource waste [8]. Especially with a large number of UEs in connected mode, the PUCCH capacity may not be sufficient to accommodate all the UEs. Therefore, in addition to controlling the PUCCH validity based on TAT configured by eNB, it may be considered to have a mean for UE to propose releasing PUCCH resources so that such resources could be used by other UEs. 
Of course there is penalty after releasing PUCCH, i.e. UE has to start from contention-based RACH procedure to request UL grant when there is data arrival. This also challenges the RACH performance if many UEs are requesting resources in this way. In addition, the configured PUCCH is not only used for data transmission, but could also be used for other network purposes e.g. channel estimation. In this sense, eNB may not release the PUCCH as requested by UE and the request messages become a waste of resources. Also like UE initiated RRC Connection Release, it is questionable whether further UE initiated procedure is needed provided that UE-assisted information is provided to eNB.
As explained in 2.1, network will configure UE specific parameters based on the broader knowledge than only traffic characteristic and UE power consumption aspects and network make the final decision based on its own logic even though UE initiates the procedure. And UE will initiate the procedure only based on its power saving aspects. Therefore, if proper UE assisted information is provided to the network, UE initiated procedure should not be needed.
Proposal3: It is proposed to discuss whether the UE-initiated procedures are needed assuming that UE assisted information is provided and to clarify the additional gain to the network performance.
3 Conclusion
In this paper, we present our view on the UE-assisted information and propose following proposals:  
Proposal1: UEs could indicate the IAT and/or the UE mobility status to help eNB to decide about proper UE specific configurations. 

Proposal2: It is proposed to clarify how the UE-suggested configuration could benefit the network configuration and evaluate whether it is needed if UE-suggested parameters are delivered to the network.
Proposal3: It is proposed to discuss whether the UE-initiated procedures are needed assuming that UE assisted information is provided and to clarify the additional gain to the network performance.
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