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Introduction
In this paper, we propose power saving schemes based on higher layer approaches. Our companion papers [1][2][3] discuss lower layer centric techniques.
Potential Higher Layer Enhancements for UE Power Saving
UE-triggered Fast RRC State Transition
Motivation
NR has a new RRC state called RRC_INACTIVE in which state RRC context is kept in both UE and network. Due to stored RRC context in this state, network can quickly move UE to RRC_CONNECTED from RRC_INACTIVE state for quickly resume data transmission. The overall state transition is shown in Figure 1. When network transits UE to RRC_INACTIVE or RRC_IDLE from RRC_CONNECTED, network can send RRCRelease message.
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[bookmark: _Ref535591669]Figure 1 RRC State transition diagram

The timing of RRCRelease message transmission is currently up to network. Network can send RRCRelease message when there is no more data transmission between network and UE. However, exactly when to send the message is up to network implementation. There is no related timer defined in spec for triggering state transition from RRC_CONNCECTED to either RRC_INACTIVE or RRC_IDLE and there is no RRC message that UE can send to initiate state transition from RRC_CONNECTED to other states.

Due to the absence of such UE-initiated RRC state transition mechanism from RRC_CONCECETED to RRC_INACTIVE/IDLE, UE is potentially spending more power than needed. Consider the case UE downloads a  file. Once the downloading is completed, then UE’s application layer knows that the downloading is finished and this information could be sent to RRC layer. Then, UE will stay in RRC_CONNECTED state for a while, say N sec, until it receives RRCRelease message from network for initiating RRC connection release procedure. During the N sec, UE will be wasting power due to e.g., PDCCH monitoring, SRS transmission, CSI reporting, etc. Since UE knows that there is no imminent data transfer and RRC connection release follows, all those operations are unnecessary.

Observation 1
· UE consumes unnecessary power while waiting for RRCRelease message from network after file downloading/uploading is finished.

If UE can send direct signaling to network for target RRC state to move, then UE can avoid such unnecessary operations and reduce UE power consumption. After file downloading is done, suppose UE can send a message to network to move its RRC state from RRC_CONNECTED to RRC_INACTIVE or RRC_IDLE before UE receives RRCRelease. Considering that the observed inactivity timer value N from field is an order of a few seconds to ~10sec, the expected power saving coming from early RRC release could be significant.

Observation 2
· UE can avoid unnecessary power consumption if UE can send RRC state transition request message to network proactively before it gets RRCRelease message from network.

Proposal
Based on above discussion, we make following proposal.

Proposal 1
· NR supports that UE can send RRCReleaseRequest message to network for initiating RRC state transition from RRC_CONNECTED to either RRC_IDLE or RRC_INACTIVE.

Performance Evaluation
Assumptions
We consider a scenario where UE downloads a file of size X with BWP of size W. After the file is downloaded, network waits for N secs until it sends RRCRelease message to UE. We consider following set of parameters.
· X = 10MB
· W = 20MHz, 100MHz
· N = 5 sec, 10sec

Note that N is usually called RRC inactivity timer value. RRC inactivity timer and its value is up to implementation. But 5 or 10 is a typical value we see from field.

To compute power consumption, we use agreed power model in evaluation methodology [4]. 
· We assume that UE continuously monitor PDCCHs and the data transmission to UE happens back-to-back (single user scenario), so for data transmission period T (slots), PDCCH and PDSCH processing occurs together. 
· For remaining N sec period after data transmission period, only PDCCH monitoring happens.
· ACK/PUCCH is transmitted with PUCCH with 14 symbols with 0dBm tx power.
· We ignore RRC signaling exchange overhead (time, energy) of RRC release procedure initiated by RRCRelease message from network.
· We ignore RRC signaling exchange overhead (time, energy) of RRC release procedure initiated by UE-initiated RRCReleaseRequest message.
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Figure 2 model for evaluation

Results
To evaluate energy/power saving gain of UE-initiated approach, we compare following two cases.
· Baseline (or without UE-initiated RRC Connection Release signaling) : This case corresponds the RRC state transition based on network’s internal timer and network-initiated RRCRelease message.
· With UE-initiated RRC Connection Release : In this case, RRC state transition can be initiated by UE-initiated RRC Connection Release request message, which potentially saves unnecessary N secs of waiting time.

Figure 3 shows the UE energy consumption for the time duration from the start of downloading a file and until the release of RRC connection for above two cases. When RRC connection is released by RRCReleaseRequest from UE, the energy consumption is reduced significantly; the amount of energy consumption gain for bandwidth of 20MHz and 100MHz are 26.6% and 76.6% respectively. The gain for larger bandwidth is large since large bandwidth reduces file transfer time, while the RRC inactivity timer length is fixed. Note that the measured energy can be directly translated to power by dividing the energy consumption by T+N.

[bookmark: _Ref535686971][image: ]
[bookmark: _Ref535687124]Figure 3 Energy consumption comparison of baseline case and the case with UE-initiated RRC Connection Release for two different size of bandwidth size 20MHz (left) and 100 (right) with N=10sec
Figure 4 shows the results with N=5 sec.
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[bookmark: _Ref535698742]Figure 4 Energy consumption comparison of baseline case and the case with UE-initiated RRC Connection Release for two different size of bandwidth size 20MHz (left) and 100 (right) with N=5sec


Based on above results, we make following observation.


Observation 3
· UE-initiated RRC connection release could provide up to 15(26)% of energy/power saving gain when BW=20MHz with RRC inactivity timer value of 10 sec (5 sec).
· UE-initiated RRC connection release could provide up to 76(62)% of energy/power saving gain when BW=100MHz with RRC inactivity timer value of 10 sec (5 sec).
· The power saving gain increases as the bandwidth part size increases.


UE-preferred RRC Inactivity Timer Value Indication
Motivation
With the advance of machine learning technologies, AI assistant applications such as Siri / Google assistant / Alexa are becoming more popular these days. Typical interaction with this application starts with user’s voice input followed by network response. The network response could be text/voice/image/etc. Due to the easy operation (based on voice activation), it became an essential interface between modern smart phones and user.

The traffic pattern generated from these applications is very different from other applications. The conversational nature of interaction between user and these applications generates a sequence of UL(user request)/DL(network response) traffic pair with a few seconds apart (i.e., pause period).

It has been observed that during the pause period between burst of UL/DL traffic pair, RRC connection is usually released, which requires RRC establishment due to following UL traffic(user request). Figure 4 shows a typical traffic pattern of the voice assistant applications and RRC release events between request/response traffic generation. Note that detailed RRC traffic direction/message is not shown here for simplicity.
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[bookmark: _Ref535692101]Figure 5 Typical traffic pattern of AI assistant application
The sequence of RRC release and RRC establishment events due to specific traffic pattern introduces unnecessary signaling and power consumption. With such applications, we see it is better to keep UE either in RRC-connected state for longer time or move UE to RRC-inactive state to avoid costly RRC reconnection procedure.

Observation 4
· It is observed that unnecessary RRC release event occurs multiple times while a user is using voice assistant application.
· The unnecessary RRC signaling increases wireless resource usage and UE power consumption.

Observation 5
· The unnecessary RRC signaling could be avoided by keeping UE in RRC_CONNECTED state longer or move UE to RRC_INACTIVE quickly.


Proposals
Based on above discussion, we make following proposal.

Proposal 2
· NR supports that UE can indicate its preference to stay in current RRC state for X more sec from the time the message is sent.

Note that by this request UE indicate its preference. If the network honors the request, then network will keep the UE in current RRC state for X more sec. Otherwise, network could send a RRC message anytime to move UE to other state. So, from UE perspective, there is no need to define new timer.
Note that defining in spec and using short timer value could have similar effect as early RRC release based on RRCReleaseRequest in Section 2.1. In this case the power saving gain is expected to be similar as the results in Section 2.1.

Conclusions
In this contribution, we discussed higher layer approaches for UE power saving. The proposed UE-initiated RRC state transition request allows fast state transition based on UE’s suggestion. With this feature UE could avoid unnecessary power consumption while RRC inactivity timer is running. Another proposal is UE-suggested RRC inactivity timer value indication to network. This approach also solve the problem but there is another important use case, namely, optimized support of AI assistant application. With network using suggested timer values depending on UE’s application, unnecessary RRC release / establishment could be avoided which causes unnecessary signaling and power consumption.

Observation 1
· UE consumes unnecessary power while waiting for RRCRelease message from network after file downloading/uploading is finished.

Observation 2
· UE can avoid unnecessary power consumption if UE can send RRC state transition request message to network proactively before it gets RRCRelease message from network.

Proposal 1
· NR supports that UE can send RRCReleaseRequest message to network for initiating RRC state transition from RRC_CONNECTED to either RRC_IDLE or RRC_INACTIVE.


Observation 3
· UE-initiated RRC connection release could provide up to 15(26)% of energy/power saving gain when BW=20MHz with RRC inactivity timer value of 10 sec (5 sec).
· UE-initiated RRC connection release could provide up to 76(62)% of energy/power saving gain when BW=100MHz with RRC inactivity timer value of 10 sec (5 sec).
· The power saving gain increases as the bandwidth part size increases.

Observation 4
· It is observed that unnecessary RRC release event occurs multiple times while a user is using voice assistant application.
· The unnecessary RRC signaling increases wireless resource usage and UE power consumption.

Observation 5
· The unnecessary RRC signaling could be avoided by keeping UE in RRC_CONNECTED state longer or move UE to RRC_INACTIVE quickly.

Proposal 2
· [bookmark: _GoBack]NR supports that UE can indicate its preference to stay in current RRC state for X more sec from the time the message is sent.
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