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1. Introduction 

The study on UE power saving for NR [1] considers methods to reduce power consumption in the CONNECTED state. Some techniques to consider are captured in [2], based on agreements in RAN1#95 Spokane [3].

This document considers the triggering aspect of the power saving study. In particular, this document considers triggering of power saving during CONNECTED mode DRX operation by use of (1) a dynamic DRX indicator, adapting the duration of the DRX_ON period and (2) a wake up signal that activates DRX_ON period for a UE.

The document also considers how the amount of UE assistance information that is transmitted to the network can be controlled in order to reduce the UE power consumption and signaling overhead associated with this assistance information.  
The following agreements, on items for further study, were made in RAN1#95 Spokane that are relevant to this Tdoc:

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

Our calibration results are provided in [4]. These results are well aligned with those of other companies.
2. Dynamic DRX Indicator

In [5], we proposed dynamic adaptation of the DRX parameters in CONNECTED mode.
One specific adaptation that we consider in this section is the adaptation of the length of the DRX_ON period, where this adaptation is triggered by a dynamic DRX Indicator. The dynamic DRX Indicator (DDI) can be transmitted in a search space at the start of a DRX_ON period, with the following functionality:

· if the DDI is not observed by the UE, the UE can go back to sleep.

· if the DDI is observed by the UE, the UE monitors the second portion of the DRX_ON period

· if the UE receives PDCCH in the second part of the DRX_ON period, the UE starts its inactivity timer

· of no PDCCH is received in the second part of the DRX_ON period, the UE can go back to sleep

Operation with a dynamic DRX indication is illustrated in Figure 2. The figure shows that if there is an explicit dynamic DRX indication in the first section of the DRX_ON period, the UE continues to monitor the second section of the DRX_ON period. If there is no explicit dynamic DRX indication, the UE can enter a sleep state during the second section of the DRX_ON period.
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Figure 2 – DRX operation with dynamic DRX indicator

The power saving gains that can be achieved using this dynamic DRX indication scheme are evaluated using a simulation of FTP traffic model 3 with the C-DRX parameters used in the calibration exercise (C-DRX cycle length = 160ms, inactivity timer = 100ms, DRX_ON duration = 8ms). When there are few UEs in the simulation, the dynamic DRX indication can occupy the first slot of the first section of the DRX_ON period (since there are no scheduling conflicts that push the DDI out to a later slot) and can hence achieve the maximum gain from the scheme.
Table 1 shows the gains from the use of the dynamic DRX indication (DDI) when the DDI is signalled in the second slot of the first section of the DRX_ON period (within the first 1ms; lightly loaded cell) and in the eighth slot of the first section of the DRX_ON period (within the first 4ms; more heavily loaded cell). The table shows results for a 40ms inactivity timer and for a 100ms inactivity timer. A greater gain is observed for the 40ms inactivity timer since the power consumption within the DRX_ON period is relatively more significant than for the case of the 100ms inactivity timer.

 Table 1 - Power saving gain from explicit dynamic DRX indication (DRX_ON = 8ms)

	Inactivity Timer
	Slot within DRX_ON in which DDI is signalled
	Average power consumption (units)
	Percentage power saving gain

	100ms
	2
	35.595
	7.4%

	
	8
	36.821
	4.2%

	
	No DDI (baseline)
	38.435
	N/A (baseline)

	40ms
	2
	18.101
	11.8%

	
	8
	19.146
	6.8%

	
	No DDI (baseline)
	20.532
	N/A (baseline)


There are different ways of transmitting the DDI (as a compact DCI, as a bit within a group DCI etc). The goal of this Tdoc is to provide evaluation results of the gain of a DDI, without exploring the detailed design of the DDI. 

Observation 1: An explicit dynamic DRX indication provides a power saving gain of between 7% and 12%, depending on inactivity timer setting.
Proposal 1: RAN1 further considers use of a dynamic DRX indication to explicitly control the UE monitoring of PDCCH during the DRX_ON period.
The DDI that was evaluated above did not control operation of the UE when the inactivity timer is running. Since significant power is consumed when the inactivity timer is running, reducing the power consumption while the inactivity timer is running (for example through reduced PDCCH monitoring while the inactivity timer is running or dynamically signalling the inactivity to stop) can yield further power savings.  
3. Control of DRX_ON with Wake Up Signal
The previous section considered controlling whether the UE monitors a second portion of the DRX_ON period through the transmission of a dynamic DRX indicator in the first portion of the DRX_ON period. A further power saving gain could potentially be obtained if monitoring of the whole DRX_ON period could be switched on or off. This functionality by can achieved through the use of a power saving signal prior to the DRX_ON period.

This section considers the power saving gain that can be achieved through the use of a wake up signal (a form of power saving signal), as illustrated in Figure 3. We consider a wake up signal with the following characteristics:

· WUS is transmitted with a time offset of a few slots prior to the DRX_ON period

· WUS can be decoded with a low power receiver architecture

· WUS can be decoded without additional synchronisation procedures. In this case, it is assumed that there is no transition energy between a deep sleep state and the WUS monitoring state

Additionally, a PDCCH-based WUS is considered.
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Figure 3 – WUS operation to control PDCCH monitoring during DRX_ON period

The operation of the power saving study item traffic models when operating with a WUS was simulated with the following simulation assumptions:

· Power consumption to decode WUS = 1 unit (equivalent to deep sleep power consumption) or 100 (equivalent to PDCCH_only power consumption)

· Transition energy between deep sleep state and WUS state = 0 (appropriate for a separate low power receiver architecture) or 450 (where the WUS signal is decoded by the main receiver, requiring the full transition energy from deep sleep state) 

· FTP traffic model with C-DRX = {160ms period, 8ms DRX_ON, 100ms inactivity timer}

· Other simulation assumption are the same as TR38.840

The simulated power saving gains obtained through the use of the WUS are summarised in Table 2. From these results, it is observed that:

· The power saving gain is greatest with a WUS that supports a low power receiver architecture, where a power saving of 11-20% is possible.

· For a PDCCH-based WUS, a power saving of 7-11% is achieved. This is equivalent to the power saving gain provided by the dynamic DRX indication considered in section 2, which is also PDCCH based. The dynamic DRX indication has the benefit of operating within a search space (within the first section of the DRX_ON period).
Hence it is concluded that the use of a separate WUS receiver is motivated when the WUS signal is compatible with a lower power receiver architecture. When the WUS is PDCCH-based, there is little gain from the use of a WUS: in this case a dynamic DRX indication operating within the DRX_ON period provides a similar power saving gain with less specification impact.

Table 2 - Power saving gain from use of wake up signal prior to DRX_ON (DRX_ON = 8ms)

	Inactivity Timer
	WUS energy consumption
	Average power consumption (units)
	Percentage power saving gain

	100ms
	1
	34.085
	11.3%

	
	550
	35.644
	7.3%

	
	No WUS (baseline)
	38.435
	N/A (baseline)

	40ms
	1
	16.436
	20.0%

	
	550
	18.151
	11.6%

	
	No WUS (baseline)
	20.532
	N/A (baseline)


Observation 2: A WUS that supports a low power receiver architecture allows a power saving gain of 11-20% to be realised.

Observation 3: The power saving gain for a PDCCH-based WUS is similar to that for a dynamic DRX indication within the DRX_ON period and is in the range of 7-11%.
Proposal 2: RAN1 further considers use of a WUS that supports a low power receiver architecture.
4. Controlled UE assistance information signalling

In the RAN1 #95 meeting the following related agreements were made:

Agreements:

The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation

· UE preferred processing timeline parameters, e.g., K0, K1, K2 values

· UE preferred BWP information/configuration

· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information

· UE assistance/feedback on the DRX configurations/parameters

· UE preferred BWP provided to assist network in BWP switching

· UE request on SCell/SCG activation/de-activation/configuration

· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
Other UE assistance information for the power saving schemes is not precluded.

It can be observed there are multiple potential types of UE assistance information/feedback to assist the network in configurations for UE adaptation. For example, UE preferences on DRX configuration (time domain), bandwidth part operation (frequency domain), antenna configuration (space domain), and processing configuration. It is advantageous to have multiple types of UE assistance information/feedback available at the gNB so that the UE power saving scheme can be fully optimized to a specific scenario. However, the operation of sending assistance and feedback information should be controlled / managed, otherwise, excessive UE assistance information/feedback can increase signalling overhead. Transmission of assistance may also paradoxically consume more energy due to frequent requests (i.e. multiple instances of UE assistance information/feedback transmission) for UE adaptation operation. 
Observation 4: Controlled UE assistance information signalling is required in order to minimize signalling and to avoid excessive frequent UE assistance information transmission that may consume UE energy.

Here, we propose a power saving scheme by controlling UE assistance information. Even with the potential availability of multiple types of UE assistance information/feedback, a gNB may not always support all of that UE assistance information/feedback. For example, a gNB may not want to negotiate the DRX configuration for a specific UE or all UEs in the cell and hence may not required DRX-related assistance information. In this case, if a UE transmits UE assistance/feedback on the DRX configurations/parameters then gNB may not consider it at all. In this case, it would be beneficial if the gNB informs the UE on the configuration of supported UE power saving scheme. The configuration can be UE specific and/or applicable to all UEs in a cell. Once the UE acquires this information, the UE will only transmit the supported UE assistance information/feedback to assist the network as indicated in that configuration message.

Proposal 3: When multiple types of UE assistance information/feedback are available, the gNB is able to provide a configuration message (i.e. RRC message) to the UE that specifies supported UE assistance information. The UE may transmit the assistance information in accordance with the configuration.

As indicated earlier, the transmission of multiple types of UE assistance information (e.g. bandwidth adaptation, DRX adaptation, etc) may consume non-negligible UE energy, especially if the uplink UE assistance information becomes large. It would be beneficial if the UE can group different types of UE assistance information and transmit that grouped information. Moreover, the transmission of UE assistance information should be controlled with a certain periodicity or a minimum time duration from the last UE assistance information transmission occasion. In case the gNB has not configured the UE with the UE’s requested power saving parameters, the UE can stop the transmission of the related UE assistance information after a known number of attempts.

Proposal 4: The transmission of UE assistance information shall be controlled/managed by the gNB, including the possibility of grouping UE assistance information, minimum transmission interval, and maximum number of transmissions. gNB informs the above controlled UE assistance information configuration to the UE.

5. Conclusion and Summary of Proposals

This document has considered the following power saving triggering mechanisms for NR.

· Dynamic DRX indication during DRX_ON period

· Wake up signal prior to DRX_ON period
The document has also considered how the transmission of assistance information can be controlled by the gNodeB.

The following observations and proposals are made:

Observation 1: An explicit dynamic DRX indication provides a power saving gain of between 7% and 12%, depending on inactivity timer setting.

Observation 2: A WUS that supports a low power receiver architecture allows a power saving gain of 11-20% to be realised.

Observation 3: The power saving gain for a PDCCH-based WUS is similar to that for a dynamic DRX indication within the DRX_ON period and is in the range of 7-11%.

Observation 4: Controlled UE assistance information signalling is required in order to minimize signalling and to avoid excessive frequent UE assistance information transmission that may consume UE energy.

Proposal 1: RAN1 further considers use of a dynamic DRX indication to explicitly control the UE monitoring of PDCCH during the DRX_ON period.

Proposal 2: RAN1 further considers use of a WUS that supports a low power receiver architecture.

Proposal 3: When multiple types of UE assistance information/feedback are available, the gNB is able to provide a configuration message (i.e. RRC message) to the UE that specifies supported UE assistance information. The UE may transmit the assistance information in accordance with the configuration.

Proposal 4: The transmission of UE assistance information shall be controlled/managed by the gNB, including the possibility of grouping UE assistance information, minimum transmission interval, and maximum number of transmissions. gNB informs the above controlled UE assistance information configuration to the UE.
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