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Introduction

In TR 38.840 [1], RAN1’s study shows the substantial power saving gains over the agreed baseline in UE power saving schemes with UE adaptation in frequency domain, time domain, antenna domain, DRX operations, and reducing PDCCH monitoring with different traffic types, such as FTP, IM, web browsing, video streaming, gaming and VoIP,  and network configurations.
In RAN1#96b meeting [2], the following agreements were reached. 

Agreements:

Potential DCI contents in DCI format(s), to be further investigated:

…

BWP /SCell

BWP & SCell together 

BWP and SCell have separated fields

... 

PDCCH monitoring periodicity

PDCCH skipping (skipping duration)- 

PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time

In this contribution, the aspects of potential technologies for UE power saving are discussed.
BWP operation
The maximum bandwidth for NR is 100MHz for FR1 and 400MHz for FR2. Bandwidth parts (BWP) operation has been introduced in NR Rel-15. Up to 4 BWPs for uplink or downlink can be semi-statically configured for a UE. Different numerology configurations can be set for each BWP and the BWP ID can be dynamically indicated by a DCI. It is well known that, the BWP with very small bandwidth is very suitable for the applications with small data packets transmission and low power consumption might be achieved. The BWP with very large bandwidth is used to transmit the huge data packet. Therefore, for the case of no data arrival or small data packets transmission, UE would perform PDCCH monitoring, reporting CSI and receive small data packets and so on in small BWP. For large data packets scheduling, UE performs BWP switching based on the DCI indication. The DCI can be, e.g., a Rel-15 DCI, or a power saving DCI.  

The bottleneck of the current DCI based BWP switching is the PDSCH reception performance in the large BWP upon BWP switching. As the bandwidth difference between the small BWP and the large BWP can be very different, the large-scale parameters of the channel state and the CSI acquired in the small BWP may not be identical to the large BWP, especially when the channel is frequency-selective. Hence to guarantee the performance of the PDSCH reception in the large BWP, a simple but efficient solution is to trigger aperiodic CSI-RS for channel tracking or CSI reporting for target BWP in BWP switch as shown in Fig. 1. The aperiodic CSI-RS can locate just before the PDSCH of the target BWP and guarantee sufficient time for UE calculation of the channel parameters. Note that for this mechanism, UE still just processes one BWP at a given time.
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Fig 1  Triggering aperiodic CSI-RS for BWP switching
Proposal 1: Specify mechanism to trigger aperiodic CSI-RS for target BWP in BWP switching. 

Note: No change on the assumption that only one BWP per cell is processed by UE at a given time.
Reducing PDCCH monitoring
When the UE has no data transmission or the data transmission traffic is low, frequent PDCCH monitoring results in high power consumption. While a large PDCCH monitoring period may cause unexpected delay in case of high traffic transmission. Therefore, dynamic PDCCH periodicity adaptation is a method that can save power while ensuring the data transmission services. For example, L1 based signal/channel can be used to indicated the intended PDCCH periodicity, and UE can switching the PDCCH periodicity to the indicated value. 

Proposal 2: L1 based signal/channel can be used to indicated the PDCCH periodicity.
What’s more, the parameter optimization for a search space can be considered for UE power saving. For example, the PDCCH monitoring slot periodicity (Ks) and PDCCH monitoring slot duration (Ts) can be optimized. If the periodicity in monitoringSlotPeriodicityAndoffset IE with Ks (ranging from 1 slot to 2560 slots) and Os (ranging from 0 to Ks-1 slots) for a search space are large, but the value of duration IE (ranging from 1 slot to 2559 slots) for a search space is small, then UE can skip PDCCH monitoring in most slots. It will save a lot of power.
Moreover, for the intermittent data arrival traffic mode, there might be a long time between these two PDCCH monitoring opportunities. Changing PDCCH periodicity parameters for a search space can not skip so long time without increasing the latency. Therefore, if the buffer of gNB is empty, L1 based signal/channel can indicate skipping PDCCH monitoring with N slots duration for UE. Therefore, it is proposed that the combination of changing PDCCH periodicity parameters and skipping PDCCH monitoring can be used for power saving in NR. Namely, a configuration of zero-valued duration for search space could be supported for the functionality of PDCCH skipping .

Observation 1: The combination of PDCCH skipping and dynamic PDCCH periodicity adaptation can be used for UE in reducing PDCCH monitoring.
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Fig 2  An example for reducing PDCCH monitoring by dynamic configuration

It is shown in Fig.2 that an example of PDCCH skipping by dynamic adaptation to PDCCH monitoring periodicity configuration. To be specific, it is assumed the SCS=30KHz and 20 slots per frame. Firstly, UE performs PDCCH periodicity monitoring with Ts=1 slot, Ks=2 slots and Os=0. When the buffer is empty, gNB could indicate a set of PDCCH monitoring parameters, e.g.,(Ts=0, Ks=20 slots, Os=0) to help UE to skip PDCCH monitoring with N slots,.Wherein the value of N depends on the occasion of the indication and the indicated periodicity in the parameter set. After N slots, UE can fall back to with the previous PDCCH periodicity parameters or monitor PDCCH with parameters configured by higher layers, e.g. Ts=3 slots, Ks=10 slots, Os=5 slots.
Conclusion

In this contribution, we discuss some aspects on potential technologies for UE power saving. We have the following observation and proposals:

Observation 1: The combination of PDCCH skipping and dynamic PDCCH periodicity adaptation can be used for UE in reducing PDCCH monitoring.
Proposal 1: Specify mechanism to trigger aperiodic CSI-RS for target BWP in BWP switching. 

Note: No change on the assumption that only one BWP per cell is processed by UE at a given time.
Proposal 2: L1 based signal/channel can be used to indicated the PDCCH periodicity.
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