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1. Introduction

A new study item for UE power saving was approved with the following objectives [1]:

1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

In this contribution, we discuss our view on design of power saving signal/channel/procedure for triggering adaptation of UE power consumption.
2. Discussion 
Whether to introduce new power saving signal or channel is required for RRC connected mode?

In the study of power saving for eMTC/NB-IoT, wake-up signal was introduced for extending the battery life. Wake-up signal design targets a low complexity than existing channel/signal such that monitoring wake-up signal would not consume very low power comparing with an existing one, e.g. MPDCCH or NPDCCH. Only when there is traffic available, wake-up signal could be utilized to instruct an eMTC UE or NB-IoT UE to switch from power saving state to normal state. However, this type of design would only benefit the power saving in a meaningful magnitude for extremely sporadic and small amount traffic like eMTC/NB-IoT. For a normal UE in RRC connected mode, receiving data or buffering data would burn out most of the consumed power, such that designing a new power saving signal or channel whose complexity is lower than NR PDCCH is not very meaningful. Therefore, we think adaptation of UE power consumption should be triggered based on existing signal or channel.
Observation: A more power-friendly channel or signal to adapt UE power consumption would not bring sufficient gain for power saving in RRC connected mode.

Proposal 1: Adaptation of UE power consumption in RRC connected mode is triggered by an existing channel(s) or signal(s)
Potential candidates to trigger adaptation of UE power consumption
In Rel-15, there are already several technics could be utilized to trigger power consumption adaptation. A first tool to adapt power consumption is bandwidth part adaptation. Bandwidth parts with different bandwidth configuration could be switched by PDCCH such that power consumption could be roughly proportional to the ongoing traffic, e.g. gNB could instruct UE to activate a 100MHz bandwidth part when there is heavy traffic when extreme power consumption is unavoidable, and on the other hand to activate a 10MHz bandwidth part when there is light traffic and some power could be saved. Also, an implicit adaptation is introduced such that if there is no scheduling for a period of time controlled by a timer, UE would switch its active bandwidth part to a default bandwidth part which is expected to be power-friendly. A second tool is SCell activation/deactivation. Depending on traffic situation, SCell could be activated or deactivated. gNB can send a MAC CE with activation/deactivation command to turn-on or turn-off an SCell. Also, SCell could be deactivated implicitly in a way similar as implicit bandwidth part adaptation. Comparing with bandwidth part switch, this tool come with more effective power saving while longer latency for adaptation. A third tool is via RRC reconfiguration, especially search space related configuration such as monitoring periodicity and monitoring pattern of PDCCH. Depending on traffic load and ongoing service, gNB could adjust periodicity and pattern of PDCCH monitoring so that power consumption characteristics would be adapted accordingly. In general, the above three tools, though being developed independently, have already provided a very good frame work for adaptation of UE power consumption, and should be considered as starting point in this study. Harmonization or joint design of the three tools can be further considered if benefits are shown.
Proposal 2: To trigger adaptation of UE power consumption, the following candidates are considered starting point in this study:

· PDCCH (e.g. for BWP switch)

· Scheduling situation and/or timer

· MAC CE (e.g. for SCell activation/deactivation)

· RRC reconfiguration (e.g. for adapting PDCCH monitoring pattern/periodicity)

3. Conclusion

In this contribution, we discuss our view on triggering adaptation of UE power consumption and have the following observation/proposals:

Observation: A more power-friendly channel or signal to adapt UE power consumption would not bring sufficient gain for power saving in RRC connected mode.

Proposal 1: Adaptation of UE power consumption in RRC connected mode is triggered by an existing channel(s) or signal(s)

Proposal 2: To trigger adaptation of UE power consumption, the following candidates are considered starting point in this study:

· PDCCH (e.g. for BWP switch)

· Scheduling situation and/or timer

· MAC CE (e.g. for SCell activation/deactivation)

· RRC reconfiguration (e.g. for adapting PDCCH monitoring pattern/periodicity)
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