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1 Introduction

In the last meeting, following agreements were made regarding on triggering adaptation for UE power consumption [1].
	Agreements:

The power saving signal/channel for UE adaptation includes the following signals/channels for further study

· Existing signal/channel based power saving signal/channel

·  PDCCH channel

· TRS, CSI-RS type  RS, SSS-like and DMRS

· PDSCH channel carried MAC CE and/or RRC signaling

· New power saving signal/channel – sequence based 

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  

· Network resource overhead  

· Resource and/or periodicity of power saving signal/channel

· Multiplexing capability

· Usage of resource

· Coexistence/multiplexing with existed signal/channel of Rel-15

· UE-specific, group-specific, cell-specific power saving signal/channel

· Detection performance

· Complexity

· Power consumption of the power saving signal/channel
Agreements:

· The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.

· Other schemes are not precluded

Agreements:

· The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.

· Other schemes are not precluded

Agreements:

· The power saving signal/channel in trigger UE frequency domain processing adaptation for further study is the power saving signal/channel can be used to trigger the indication of RS configuration for channel tracking, CSI measurents, and beam management for the additional assistance of dynamic switching of BWP or activation of SCell in achieving the power saving gain.  The power saving signal/channel can be used for BWP switching, activation/deactivation of SCell or adaptation of PDCCH monitoring and/or CORESET/search space of PCell/SCell.

· Other schemes are not precluded

Agreements:

· For further study, the power saving signal/channel in triggering adaption to the UE processing, such as MIMO configuration/layers, antenna configuration, UE processing time, and background processing can be used as the indication for UE adaptation.  The power saving signal/channel in triggering UE adaptation to the processing is to allow UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH processing or the essential background processing, such as periodic CSI and RRM measurements.  

· Other schemes are not precluded


In this contribution, we continue to discuss triggering adaptation in terms of UE time domain, UE frequency domain, and UE processing.
2 Triggering for UE time domain processing adaptation
In NR, UE would perform PDCCH BD attempts in the configured PDCCH monitoring occasion. When DRX operation is applied, UE would perform PDCCH monitoring during the Active Time. Even if data is not scheduled for the UE during the Active Time, it continues PDCCH monitoring and consumes power unnecessarily. To reduce this UE power waste, it is under discussion to make UE go to sleep quickly when data scheduling is not expected to the UE. In this section, we discuss various triggering schemes to UE reduce unnecessary PDCCH monitoring.
(1) Single WUS occasion
One way is to indicate whether a UE wakes up or goes to sleep when an ‘On Duration’ is started. This information is delivered by WUS and it is transmitted in prior to or beginning of the ‘On Duration’. In this approach, UE try to detect WUS prior to monitor PDCCH during ‘On Duration’. If WUS is detected, the UE wakes up and monitors PDCCH for data scheduling. But if WUS is not detected, the UE can continue sleep until the next ‘On Duration’ as shown in Figure 1.
In this scheme, if a packet arrives after the WUS occasion or network cannot transmit WUS due to the lack of the preparation time after packet arrival, PDCCH/PDSCH scheduling for the packet will be scheduled in the next ‘On Duration’. In this case, it can increase data scheduling latency and cause throughput loss. Meanwhile, if the DRX ‘On Duration’ is not skipped by WUS procedure, PDCCH/PDSCH scheduling for the packet could be scheduled immediately. According to our numerical results in [2], we observed that when UE can skip a single DRX cycle based on a WUS, UE can achieve moderate power saving gain (e.g. 11%~14%) with relatively large UPT loss (13%~16%) compared to the reference system without WUS. 
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(a) WUS occasion in prior to ‘On Duration’
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(b) WUS occasion in the beginning of ‘On Duration’
Figure 1. Single WUS occasion during an ‘On Duration’
(2) Multiple WUS occasions
Figure 2-(a) illustrates the latency issue can be caused in (1). Since new packet is arrived after WUS occasion, it should be transmitted in the next ‘On Duration’ and data scheduling latency is increased. To mitigate this inefficiency, making multiple WUS occasions during an ‘On Duration’ can be considered as shown in Figure 2-(b). It gives opportunities to wake an UE up in the middle of ‘On Duration’ at the expense of reduced UE power saving gain, so the UE can wake up and receive PDCCH/PDSCH even if the packet is arrived after ‘On Duration’ is started. In this case, if WUS is not detected in a WUS occasion, the UE can enter micro sleep state until the next WUS occasion. According to our numerical results in [2], we observed that when UE tries to detect multiple WUS during every DRX ON duration, UE can achieve relatively small power saving gain (e.g. 1%~7%) with marginal UPT loss (e.g. 1%~4%) compared to the reference system without WUS. 
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(a) Single WUS occasion
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(b) Multiple WUS occasions
Figure 2. An example of single and multiple WUS occasions during an ‘On Duration’
WUS enables UE can go to sleep quickly to prevent unnecessarily PDCCH monitoring during ‘On Duration’. However, introducing of WUS causes additional resource overhead and UE power consumption. Since WUS should be transmitted in prior to PDCCH transmission for data scheduling, it causes additional resource overhead or additional processing time. Also a UE with data scheduling should consume power to detect WUS in addition to PDCCH detection.

Instead, we can consider another approach which can provide UE power saving without introducing new signal/channel.
(3) Short ‘On Duration’

One approach to reduce UE power consumption in time domain is to reduce the length of ‘On Duration’. As shown in Figure 3, if ‘On Duration’ is configured short enough, UE without data scheduling can go back to sleep quickly. This approach does not require resource overhead and UE behavior caused by WUS. However, since the time duration for PDCCH monitoring becomes short, PDCCH resources can be insufficient when traffics are busy. 
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Figure 3. Short ‘On Duration’

(4) Long PDCCH monitoring period

Extension of PDCCH monitoring period can obtain similar effect with multiple WUS occasions within an ‘On Duration’ introduced in (2). If UE monitors PDCCH with long period during ‘On Duration’, the UE can reduce unnecessary power consumption when data is not scheduled to the UE. If UE does not detect PDCCH in a PDCCH monitoring occasion, it can go to micro-sleep until the next PDCCH monitoring occasion.

In addition, PDCCH monitoring period when drx-onDurationTimer is running and drx-InactivityTimer is running can be configured differently. For example, since additional data traffic can be expected in ‘DRX Inactivity Time’, an UE can be configured to monitor PDCCH more frequently when drx-InactivityTimer is running or UE receives PDCCH indicating new transmisison. An example of this scheme is illustrated in Figure 4. In addition, during the time where drx-InactivityTimer is running, UE may not receive additional PDCCH/PDSCH or new data packet may not arrive. In this case, it would be beneficial to extend PDCCH monitroing period again until the UE receive another PDCCH indicating new transmisison even though drx-InactivityTimer is still running. Accroding to our numerical results, when UE changes PDCCH monitoring period based on the actual scheduling, UE can achieve subtantial power saving gain (e.g. 22%~36%) with margial UPT loss (e.g. 2%~4%) compared to the reference system with a single PDCCH montirong period. 
If UE can assume PDSCH is scheduled after PDCCH decoding at least when drx-onDurationTimer is running, the UE does not need to buffer PDSCH during PDCCH decoding. Then, it can further reduce UE power consumption as discribed in our companion contribution [3]. On the other hand, when DL packet arrives, considering latency requirement, PDSCH buffering at UE side would be needed to boost throughput performance. Also, when drx-onDurationTimer is running, BD reduction for PDCCH monitoring can be considered for additional UE power saving. 
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Figure 4. Multiple PDCCH monitoring periods
(5) BWP switching

In current NR specification, different BWP can have different PDCCH monitoring period and PDSCH time-domain resource assignment. It means that PDCCH monitoring period and PDSCH time-domain resource assignment can be adjusted by BWP switching. Thus, if PDCCH based BWP switching is supported, PDCCH monitoring period and PDSCH time-domain resource assignment also can be changed dynamically by BWP switching.
For example, at the beginning of every DRX cylces, UE monitors PDCCH at BWP1 where BWP1 has long PDCCH monitoring period and large timing gaps between PDCCH and PDSCH. When the UE is scheduled data, PDCCH can configure BWP2 as the new BWP where BWP2 has relatively short PDCCH monitoring period and short timing gaps between PDCCH and PDSCH. Thus, by adjusting active BWP of UE, unnecessary power waste for PDCCH monitoring can be reduced.
Based on above discussion, adjusting PDCCH monitoring period introduced in (4) and (5) seems simple solution to reduce unnecessary PDCCH monitoring during ‘On Duration’, without burden of new signal/channel design and overhead on resource/UE behavior.

Proposal 1: PDCCH monitoring period and UE behaviour on data buffering can be changed during Active Time. For this, following solutions can be considered.
a) Relaxed UE behavior for PDCCH monitoring can be applied before the first PDCCH detection during C-DRX ‘On Duration’.

b) PDCCH monitoring period and PDSCH time-domain resource assignment can be adapted by PDCCH indicating active BWP switching.
3 Triggering for UE frequency domain processing adaptation

For UE frequency domain processing adaptation, faster BWP switching by PDCCH can be considered as mentioned in [3]. When BWP of a UE is switched dynamically, CSI measurement and phase tracking for the new BWP also need to be performed quickly.  In our view, those procedure can be done on the new BWP by existing aperiodic CSI reporting and aperiodic TRS. 
Regarding carrier adaptation, the feasibility of quick carrier activation should be studied in advance. Since the transition time from deactivated state to activated state is not small enough, the necessity of L1 signaling-based SCell activation seems unclear. 

Proposal 2: For CSI measurement/feedback for new active BWP, the current mechanism (i.e. aperiodic CSI) is sufficient. 
Proposal 3: For CA operation, it is necessary to carefully investigate feasibility on further fast SCell activation. 
4 Triggering for UE processing adaptation

For UE processing adaptation, adaptation of the maximum number of MIMO layers can be considered. 
In current NR specification, pdsch-Config including maxNrofCodeWordsScheduledByDCI can be configured per BWP. Thus, by switching UE’s active BWP, maxNrofCodeWordsScheduledByDCI can be selected between 1 and 2. Since the maximum number of layers can be 4 or 8 depending on the value of maxNrofCodeWordsScheduledByDCI, BWP switching can be used to decide the maximum number of layers. Therefore, we can consider dynamic adaptation of the maximum number of MIMO layers by BWP switching by PDCCH. 
Otherwise, similar to mention in UE time domain processing adaptation, the maximum number of layers can be changed depending on DRX operation. In this case, at the beginning of every DRX cylces, an UE can assume the maximum number of layers is reduced before PDCCH reception (when drx-onDurationTimer is running). If the first PDCCH is detected, the UE can increase the maximum number of layers.
Proposal 4: If adaptation of the maximum number of MIMO layers is supported, following solutions can be considered.
a) The maximum number of MIMO layers can be adapted by DCI-based active BWP switching.

b) Reduced value for the maximum number of MIMO layers can be used before the first PDCCH detection within C-DRX ‘On Duration’.
5 PDCCH based triggering adaptation for UE power consumption
Based on above discussion, our proposals on triggering adaptation for UE power consumption can be summarized as follows.
· Time domain: adjusting PDCCH monitoring period by a) by dynamic BWP switching, or b) DRX operation
· Frequency domain: switching of active BWP by PDCCH
· UE processing: fast switching of the maximum number of layers by a) dynamic BWP switching, or b) DRX operation
In conclusion, for simple configuration with small overhead, PDCCH indicating active BWP switching can be a baseline for triggering adaptation of UE power consumption characteristics. By switching BWP of an UE, UE time/frequency/spatial domain processing can be controlled together. For example, there can be two BWPs, one is suitable for low UE power consumption (long PDCCH monitoring period, large gap between PDCCH and PDSCH reception, large gap between UL grant and CSI measurement resources, and small value for the number of layers) and the other is suitable for active data Tx/Rx (frequent PDCCH monitoring, small gap between PDCCH and PDSCH reception, small gap between UL grant and CSI measurement resources, and support large number of layers). Then, UE power consumption can be adapted by dynamic BWP switching.
Alternatively, these adaptation can be triggered by DRX operation. UE can operate differently in DRX Active Time before the first PDCCH reception and DRX Active Time after the first PDCCH reception in terms of UE time/frequency/spatial domain processing. Low power consumption operation can be applied before PDCCH reception, and it is terminated after PDCCH reception.

Proposal 5: It can be considered to trigger adaptation of UE power consumption characteristics by a) BWP switching by PDCCH, or b) the first PDCCH detection during C-DRX ‘On Duration’
6 Conclusion 

In this contribution, we discussed triggering adaptation in terms of UE time domain, UE frequency domain, and UE processing. Based on discussion, we obtained following proposals.
Proposal 1: PDCCH monitoring period and UE behaviour on data buffering can be changed during Active Time. For this, following solutions can be considered.

c) Relaxed UE behavior for PDCCH monitoring can be applied before the first PDCCH detection during C-DRX ‘On Duration’.

d) PDCCH monitoring period and PDSCH time-domain resource assignment can be adapted by PDCCH indicating active BWP switching.
Proposal 2: For CSI measurement/feedback for new active BWP, the current mechanism (i.e. aperiodic CSI) is sufficient. 
Proposal 3: For CA operation, it is necessary to carefully investigate feasibility on further fast SCell activation. 
Proposal 4: If adaptation of the maximum number of MIMO layers is supported, following solutions can be considered.

c) The maximum number of MIMO layers can be adapted by DCI-based active BWP switching.

d) Reduced value for the maximum number of MIMO layers can be used before the first PDCCH detection within C-DRX ‘On Duration’.
Proposal 5: It can be considered to trigger adaptation of UE power consumption characteristics by a) BWP switching by PDCCH, or b) the first PDCCH detection during C-DRX ‘On Duration’
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