
3GPP TSG RAN WG1 Meeting #94bis
R1-1810997
Chengdu, China, October 8th – 12th, 2018
Source:
OPPO
Title:
Triggering adaptation to the traffic for UE power saving
Agenda Item:
7.2.9.2.2
Document for:
Discussion and Decision

1. Introduction

A new study item on UE Power Saving was agreed [1]. The major objective of the study item is to identify the UE adaptation to the traffic for UE power saving:
· Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
· 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) 
· Network and/or UE assistance information
· Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
· Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
This contribution discusses the triggering adaptation to the traffic and the triggering signals for power saving. 

2. Triggering adaptation to traffic
In our companion contribution [2], UE adaptation in time, frequency, antenna domain and for different timeline requirements are discussed. UE power saving can be achieved in time, frequency, antenna domain through triggering when conditions are met. The power saving in different domain can be triggered individually or commonly. The conditions for triggering power saving in different domain may be different from each other. These conditions are not always met simultaneously. Therefore, individual triggering of power saving in each domain are assumed. 
Proposal 1: The individual triggering of power saving mode in each domain can be a start point for study. 
Power saving in time domain is mainly achieved by PDCCH monitoring reduction. The PDCCH monitoring reduction is triggered by inactive DL and UL traffic. For the configured PDCCH search space, UE has to monitor PDCCH for possible DL or UL scheduling. For DL scheduling inactivity, when gNB has the knowledge of inactive DL scheduling for a UE in a PDCCH search space, it can trigger UE power saving mode at least for a specific PDCCH search space. gNB can send a triggering signal to UE for monitoring reduction on some PDCCH search spaces. On the other hand, the inactive traffic itself can trigger UE PDCCH monitoring reduction on the UE side, which is similar to the triggering mechanism of DRX mode. This is an implicit triggering by traffic, and UE will go to sleep in some PDCCH monitoring occasions for power saving. gNB has to schedule traffic in those occasions UE is awake. The active DL and UL traffic can trigger UE to exit power saving mode. Similarly, explicitly and implicitly triggering can also studied. 
Power saving in frequency domain is mainly achieved by bandwidth reduction for monitoring. Bandwidth adaptation was introduced in R15 NR study for UE power saving, which became a major motivation of introduction of bandwidth part (BWP) concept. In the R15 NR system, a UE can be switched to the default DL BWP (which can be much smaller than the BWP for PDSCH reception) when no PDSCH is scheduled, so to reduce the UE power consumption in PDCCH-monitoring-only state. In R16, further enhancement on bandwidth adaptation to traffic can further save UE power. If a DL BWP is activated for a UE, UE does not always monitoring the whole bandwidth of the activated BWP. In case of traffic inactivity, UE can reduce the monitoring bandwidth further for power saving. Network can configure a PDCCH CORESET with much narrow bandwidth than activated BWP. When traffic inactivity happens, UE can switch to the narrow bandwidth for possible DCI monitoring. After a power saving signal (PS signal) or DCI is received, UE can retune to a wider bandwidth or normal bandwidth of the activated BWP for PDSCH reception. The interval between PDCCH and PDSCH should allow the retuning time of UE. Furthermore, the reduced bandwidth can be used for power saving signal transmission. Since no PDCCH needs to be monitored in the “PS signal BWP”, the monitoring bandwidth can be further reduced for power saving. The triggering of power saving in frequency domain is adapted to traffic, which is similar to power saving in time domain. Similar triggering mechanism can be used. But the retuning time requirement should be considered in power saving mode in frequency domain.
Proposal 2: For power saving mode in time and frequency domain, both explicit and implicit triggering can be supported. 

Proposal 3: The power saving mode in time and frequency domain can be triggered by either gNB or UE side.

Power saving in antenna domain is mainly achieved by closing some Rx antennas. NR UE shall support at least 4 Rx antennas for some NR bands. This may result in an unnecessary power consumption in most of time if the UE only receives a low or medium date-rate service. One approach for power saving in this scenario is that the UE can enter the 2-Rx mode. gNB can trigger the antenna mode switch when conditions are satisfied. The conditions triggering antenna mode switch may be independent to those of time and frequency domain power saving. 2-Rx mode can be triggered in traffic active scenario. If the traffic always has low or medium date-rate, UE can switch to 2-Rx mode. Then the gNB should avoid scheduling PDSCH with more than 2 MIMO layers to the UE.
Proposal 4: The triggering of power saving mode in antenna domain needs to be studied in traffic active and inactive cases.
In Rel-15 NR, low-latency services are finely supported by self-contained design in a slot. The traffic and HARQ-ACK can be transmitted in the same slot. It has higher requirement on UE processing timeline to support low latency. It should have higher power consumption with the required processing timeline. But it is not always required to maintain higher speed processing timeline, especially for latency-tolerant services. In this case, a relaxed processing timeline can be triggered. In the power saving mode with relaxed processing timeline, minimum HARQ timing is relaxed. It can be triggered by gNB to determine the relaxed minimumHARQ timeline during power saving mode. The exact minimum HARQ timeline can be determined and informed by gNB according to the different services.
Proposal 5: The power saving mode with relaxed timeline requirement is triggered by gNB based on the latency requirement of traffic. 
3. Triggering signals
The triggering of power saving mode in time, frequency, antenna domain and with relaxed timeline requirement should be informed to UE. Besides, if implicit triggering is considered, the triggering conditions should be defined clearly for common understanding between gNB and UE. 

For the explicit triggering signal, the following summarizes the possible alternatives.
· Reuse existing signals as power saving mode triggering signal

Less standard efforts are required if existing signals are reused as much as possible. There will also be less backward compatibility issues. There can be RS based and DCI based triggering signals. 
The reference signals, including SS, CSI-RS, TRS, DMRS, etc. can be used as triggering signals. Triggering indicator should be carried in the reference signals, e.g. through sequence. And the RS carrying triggering signal can still be responsible for measurement or channel sounding. The overhead of triggering signal can be with a low level. However, the reference signal can only carry limited triggering information. 
As discussed in [2], DCI can indicate the sleep occasions of UE, or the switching of monitoring periodicity. New triggering information will be carried in existing or new DCI format. More triggering information can be carried by DCI. More flexible triggering mechanism can be supported by DCI. But the overhead of DCI is higher than RS based triggering signal. 
Proposal 6: Both RS based and DCI based triggering signals can be supported if existing signals are reused.
· Define new triggering signal for power saving mode
As specified in eMTC and NB-Iot, new signals are designed as wake up signals for power saving. The sequence of new signals should be designed considering detection performance. The time and frequency resource are also carefully considered for the new triggering signal. Backward compatibility can be taken into account. The time and frequency resource of new signal can reuse the locations of existing signals to alleviate the impacts on the legacy UEs. For example, the triggering signal in PDSCH region will be harmful to the PDSCH demodulation of Rel.15 UEs. 
Proposal 7: The time and frequency resource of the new triggering signals should be considered for minimum impacts on the performance of Rel.15 UEs. 
4. Conclusions
This contribution discusses the triggering adaptation to the traffic and the triggering signals for power saving. The followings are proposed. 

Proposal 1: The individual triggering of power saving mode in each domain can be a start point for study.
Proposal 2: For power saving mode in time and frequency domain, both explicit and implicit triggering can be supported. 

Proposal 3: The power saving mode in time and frequency domain can be triggered by either gNB or UE side.

Proposal 4: The triggering of power saving mode in antenna domain needs to be studied in traffic active and inactive cases.
Proposal 5: The power saving mode with relaxed timeline requirement is triggered by gNB based on the latency requirement of traffic. 
Proposal 6: Both RS based and DCI based triggering signals can be supported if existing signals are reused.

Proposal 7: The time and frequency resource of the new triggering signals should be considered for minimum impacts on the performance of Rel.15 UEs.
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