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Discussion/Decision 
1 Introduction
In last RAN2 #77bis meeting, UE assistance information is categorized into three groups in [1] while most companies think group one (Data/traffic characteristic) was useful, but how to use that information and amount of information is still TBD. In this paper, we provide our view on the impacts of traffic characteristics toward DRX configuration and discuss what kind of procedure and content for providing the information is appropriate.
2 Discussion
2.1 Usefulness of traffic characteristics
When DRX mechanism is used, PDCCH monitoring and DL transmission activity would be shaped to an adaptable active time while drx-InactivityTimer controls the extension of the active time and drxCycle dominates the periodicity. In our understanding, the intention of those two designs was trying to take traffic burst into account. A proper drx-InactivityTimer could guarantee UE being able to receive packet continuously within an intra-burst. Here a burst could be defined as respective packets’ IAT (inter-arrival time) were all smaller than a value. Oppositely, each burst may be arrived with a specific time interval and UE may go to sleep until next burst. Therefore, drxCycle may be configured according to inter-burst’s IAT (defined as IAT between last packet in previous burst and first packet in concurrent burst and that value should be larger than a defined interval). By applying those considerations, DRX mechanism could be a good traffic shaper to support less DL packet latency and good power saving.

In TR 36.822 [2], it captures trace results among different traffic. Take heavier background (Fig4.2.1-7) as example, if we define intra-burst’s IAT is below 10 ms and inter-burst’s IAT is beyond 1024 ms, the distribution towards those values may be different for different trace i.e. trace ID 60 has 50% below 10 ms and less than 10% beyond 1024 ms; trace ID 32 has less 10% below 10 ms and almost 40% below 1024 ms. Consequently those numbers could provide guidance for eNB to determine drx-InactivityTimer and drxCycle as follows. 
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Fig.1 Using CDF to reflect intra-burst and inter-burst information

· Trace ID 60: It may be good to have 10ms inactivity timer because half of packets could be transmitted by the extension. However if eNB configures 1024ms DRX cycle, close to 40% packets may be arrived during DRX opportunity (40%=90%-50%, assume 50% packets could be transmitted successfully during active time by10ms inactivity timer) and be aggregated to transmit at next onDuration where packet delay may be a problem if it is the concern. 

· Trace ID 32:  Inactivity timer may be useless since fewer packets are transmitted within a burst. Instead of using the extension, it may be better to let UE go to sleep without any drx-Inactivitytimer for power saving under this case. For DRX cycle, having 1024ms period might be good because a good trade-off between packet delay and power consumption could be made. 
From those examples, IAT traffic statistics would be useful because eNB could observe whether current DRX setting could satisfy most packet arrival and seek for a trade-off between delay and power requirements. It expects shorter intra-burst IAT (drx-InactivityTimer) with longer inter-burst IAT (drxCycle) may aggregate more packets and introduce transmission latency, but it may reduce power consumption while UE does not need to extend longer monitoring and could go to sleep much longer. Contrary to that setting, longer intra-burst IAT and shorter inter-burst IAT would have gains on data latency. As a result, by inspecting CDF with intra/inter-burst IAT, eNB could roughly understand concurrent DRX performance and make corresponding reconfiguration if receiving an update on the CDF.
Observation: By inspecting CDF, it could be understood the distribution toward intra-burst and inter-burst, and consequently it could facilitate the decisions on how to set drx-InactivityTimer and drxCycle for high efficiency.
Proposal 1: Traffic statistics is useful to determine good DRX configurations
As it should be possible to at least identify inter-burst and intra-burst IATs, average IAT is not a sufficient statistical metric. We note that parts of a CDF with high slope represents a regularity, and a typical IAT value which could represent a typical intra-burst or inter-burst IAT. 
Proposal 2: Average IAT is not sufficient to determine a DRX configuration. A IAT distribution like CDF or PDF is needed, or a simplified variant e.g. identifying CDF value ranges with high avg slope. 

The remaining issues on acquiring traffic characteristics are how to calculate IAT no matter it is performed by eNB or UE. Fig.2 shows CDF for DL, UL, and DL+UL under different background traffic. It was found that CDF results would be different and impact different DRX configurations. In our opinion, a good DRX mechanism for background traffic shall be applied for DL and UL traffic simultaneously. It means UL traffic is expected to be transmitted within a common active time and no additional UL induced activity is required when UE was sleep. Besides, UL packet was always arrived following by DL packets especial for interactive traffic and those (DL & UL) packets could be seen as an intra-burst whose IAT may determinate drx-InactivityTimer as mentioned in section 2.1. Therefore, instead of calculating IAT separately for DL and UL, the calculation should take into account DL and UL packets together to determine a common DRX mechanism based on traffic characteristics.
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Fig.2. IAT statistics toward DL/UL/DL+UL packet

Proposal 3: Traffic statistics for DRX should take into account DL+UL traffic  
2.2 
How to acquire traffic characteristics

There are three options for acquiring traffic characteristics:
1) eNB performs traffic statistics

2) UE performs traffic statistics and report results to eNB
3) UE performs and reports DRX selection

We provide our vision toward those three options as follow:
Option 1, eNB perform traffic statistics

Pro’s

·  No UE complexity.

·  eNB has the best view of DL IAT. 

·  Easier to introduce changes, compared to UE based approach. 

Con’s

·  UEs with short dwell time in a cell, e.g. single seconds (either due to mobility or connected-idle transitions) would spend significant time in non-optimal configurations, i.e. until eNB has built sufficient traffic knowledge to understand what is a good / optimal configuration. 

·  eNB understanding of UL IAT would be somewhat non-exact due to UL access delays with data buffering in the UE.
Option 2, UE performs traffic statistics and report results to eNB

Pro’s

·   UE could have a good view of applications starting and stopping, i.e. when a traffic pattern is not valid any more. 
Con’s

·   UE complexity

·   UEs understanding of DL traffic pattern is non-exact if DRX is used. 

Option 3)
UE performs and reports DRX selection
Pro’s

·   No 3GPP work needed to define a format for representing traffic characteristics.

·   UE could have a good view of applications starting and stopping, i.e. when a traffic pattern is not valid any more. 

Con’s

·   UE complexity

·   UEs understanding of DL traffic pattern is non-exact if DRX is used. 

·   It is not clear based on what criteria the UE should select DRX parameters in different circumstances. E.g. the UE do not know the QoS requirements. 

·   It is not clear how to arrive at a testable function with consistent behavior across UEs from different vendors.  
Based on this pro’s and con’s analysis, we propose 

Proposal 4: eNB performs traffic statistics to assist DRX configuration. 

Proposal 5: Solutions to address the problem of short cell dwell times could be considered.
3 Conclusion
Proposal 1: Traffic statistics is useful to determine good DRX configurations
Proposal 2: Average IAT is not sufficient to determine a DRX configuration. A IAT distribution like CDF or PDF is needed, or a simplified variant e.g. identifying CDF value ranges with high avg slope (typical values). 

Proposal 3: Traffic statistics for DRX should take into account DL+UL traffic  
Proposal 4: eNB performs traffic statistics to assist DRX configuration. 

Proposal 5: Solutions to address the problem of short cell dwell times could be considered.
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5 Appendix

It is noted that traffic characteristics are useful to determine DRX parameters in section 2.1. The concept of intra-burst and inter-burst is introduced and those IAT may dominate drx-InactivityTimer and drxCycle. However, it also shows that averaged IAT may not be sufficient to reflect burst information. Alternatively, CDF slope would provide related information. By definition, the slope of CDF refers to how many distributions are involved in that IAT range.  When the slope is steep, it hints most packets are arrived with that interval and eNB may focus on that range to configure proper DRX parameters for most traffic. Oppositely, if the slope is very gentle, eNB may ignore that characteristics because less packet are arrived at that range and make DRX determination according to that range may not satisfy most cases. We take light background (Figure 4.2.1-1 in the TR) as example where we could observe trace 27’s slope in Fig.3 has two steep ranges at 1~2s and 60~100s separately and eNB may focus on those two ranges to set corresponding DRX parameters. Similarly, trace 28 has two steep ranges at 100~600ms and 10~30s and would have different DRX parameters as compared with trace 27.
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Fig.3 example of CDF slopes to show intra-burst and inter-burst information
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