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1. [bookmark: _Toc120549591]Introduction
At RAN1 #94bis meeting, the agreements about triggering adaptation of UE power consumption characteristics was approved as the following [1], 
Agreements:
· Study further the following for Triggering adaptation of UE power consumption characteristics  
· Existing signal/channel based approach
· Signals based on PDCCH channel
· Signals based on RS
· MAC signalling
· RRC signalling
· New power saving signal/channel
· Performance metrics based on the agreements in the evalution methodology

Agreements:
Study further:
Triggering for UE time domain processing adaptation
Trigger UE adaptation to DRX operation
UE DRX PDCCH monitoring and efficient UE wakeup 
Constraint on scheduling DCI during DRX ON
Performing CSI measurement/feedbacks and RRM measurements
Reducing power consumption during DRX ON
e.g., go-to-sleep signalling to assist UE to the sleep state 
Triggering dynamic adaptation among multiple DRX configurations
Trigger UE adaptation in reducing PDCCH monitoring 
Indication to change PDCCH monitoring behaviour, e.g., to monitor, to skip, to adapt to different PDCCH parameters
Triggering for UE frequency domain processing adaptation
Trigger for the adaptation of BWP
State transition during BWP switching
Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after switching to the new BWP 
UE assistance approach for network configuration 
UE initiates the request to the network
Network trigger UE feedback for the adaptation
Trigger for the carrier adaptation in CA/DC 
State transition in CA/DC activation/deactivation
Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after carrier activation
Adaptation among different cells with different power consumption charateristics
Bundle adaptation among different cells
UE assistance approach for network configuration 
UE initiates the request to the network
Network trigger UE feedback for the adaptation
Triggering UE processing adaptation
Trigger for adaptation in number of Tx/Rx antenna and/or maximum number of MIMO layers and/or number of antenna panels
UE assistance approach for network configuration 
UE initiates the request to the network
Network trigger UE feedback for the adaptation
Network instructed
Trigger for adaptation in UE processing time
UE assistance information, e.g., k0, k1, k2 value
Network instructed
Trigger for adaptation of UE processing e.g., in maximum modulation orders, TB sizes, HARQ operation
Triggering in reducing PDCCH blind decoding

For the trigger adaption design, what to trigger and how to trigger need to be clarified. In this contribution, the relationship of these two aspects is discussed and consideration on the transmisson resource of triggering power saving signal is also provided.
2. Discussion on power saving triggering signal design
The triggering signal design can involve three aspects, how the triggering information is carried, what is the information to be conveyed, and how to determine the resources for triggering signal. In the following sections, the three aspects are discussed.
1 
2 
Consideration on how the triggering information is carried
In last RAN1 meeting, three kinds of triggering approaches are summarized considering both the existing and new trigger approach, 
· RS signal or sequence based approach
· Physical channel based approach
· Higher layer signal based approach, such as MAC, RRC signal.
Here the first two approaches are focused. Sequence based approach is suitable to carry few bits, especially one bit information with simple detection complexity. Compared with channel based design, no additional reference signal for channel estimation is needed and it is easy to realize user multiplexing. While channel based approach can carry more information bits. In LTE, PDCCH, PCFICH are two kinds of downlink control channel to convey different number of information bits, PCFICH is a cell specific channel carrying 2 bits CFI, and PDCCH can be both cell specific and UE specific channel carrying tens of information bits.
Therefore, to determine the triggering power saving signal structure, the content it conveys shall be firstly decided.
The potential functions of power saving signal can be summarized as the following,
1) Waking up of UE DRX PDCCH monitoring
2) Indicating whether there is efficient PDCCH transmission in the monitoring occasion  
3) Triggering of CSI enhancement before DRX on duration, before BWP switching, or before Scell activation
4) Triggering adaption of number of antennas, MIMO layers, pannels
5) Triggering adaption of DRX configuration
6) Triggering adaption of PDCCH monitoring configuration

The above first three functions can be realized by 1 bit triggering information. For example, one bit triggers UE to wake up in the following DRX on duration since the gNB knows that there will be scheduling grant for UE. And when UE is monitoring PDCCH, one bit indicates that in the current or following PDCCH monitoring occasions, UE can skip the monitoring or keep monitoring. For the CSI enhancement, the CSI measurement/report parameters are configured by high layers, and power saving signal is used to trigger the CSI enhancement procedure before the DRX on. And CSI enhancement can also be triggered together with wake up indication, which means additional CSI measurement or report is only done when UE needs to wake up for PDCCH monitoring. 
For 4), 5) and 6) if the power saving signal is used to choose among several configurations, such as UE antenna Tx/Rx combinations, DRX configuration sets, PDCCH monitoring parameters, additional information bits are needed to be conveyed by power saving signal, and channel based approach is preferred. 
Proposal 1. Whether sequence based or channel based power saving signal is adopted depends on the number of information bits it conveys.

Consideration on the information to be conveyed
As described in section 2.1, the function of power saving signal can be to wake up DRX, to indicate PDCCH monitoring, to trigger CSI enhancement, to trigger adaption of antennas/DRX configuration/PDCCH monitoring configurations. Here the function of triggering CSI enhancement and adaption of PDCCH monitoring configuration will be discussed.
In current C-DRX operation procedure, UE can only report CSI on PUCCH or PUSCH in DRX active time and the CSI measurement must occur in DRX Active time as well. This restriction causes that gNB can not acquire timely and efficient CSI at the beginning of DRX cycle, which will make the scheduling inefficiently at the beginning of DRX on duration and increase the UE power consumption.
In order to avoid the absence of CSI report at the beginning of DRX cycle, gNB can trigger a CSI report before or at the beginning of DRX on duration period based on power saving signal. That is the power saving signal have two functions, one is to wake up UE in current DRX cycle to receive or transmit data, and another is to trigger a CSI report before or at the beginning of drx-onDurationTimer. Details about the CSI enhancement before C-DRX can be find in our companion contribution [2].
Proposal 2. Power saving signal could trigger a CSI report before or at the beginning of C-DRX cycle.
As to the adaption of PDCCH monitoring configuration, more information about the monitored parameters can be carried by the power saving signal. For example, in order to reduce the PDCCH monitoring complexity, the monitored candidates can be restricted by power saving indication. Currently, each UE can be configured at most 10 search space sets per BWP, it can be seen in the following TS38.331 SearchSpace information element, more than one aggregation levels, each with up to 8 candidates can be configured for one search space. To reduce the monitoring complexity, an indication for each seach space can be transmitted by the power saving signal before PDCCH monitoring, to inform UE whether DL grant, UL grant or both are monitored, and/ or whether no candidate, part of candidates or all the candidates are monitored. 
To tell UE whether no candidate, part of candidates or all the candidates are monitored, a scaling factor can be informed in the power saving signal/channel for the UE to scale the monitored number of candidates. This is useful since the configuration flexibility is kept with more candidates in the RRC configuration, and keep a low blocking probability when the number of simultaneously scheduled users are large. However during some time period, the number of users scheduled simultaneously can be small, then gNB can put the PDCCH in the first candidate as long as it is not blocked.
SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
   controlResourceSetId                    ControlResourceSetId                                                        OPTIONAL,   -- Cond SetupOnly

……
    nrofCandidates                          SEQUENCE {
        aggregationLevel1                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel2                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel4                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel8                       ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
        aggregationLevel16                      ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}

	……
}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

An example is given here as shown in figure.1, and three search spaces are configured for UE, and a power saving channel is transmitted in every 5 slots.
· Search space#1 is configured with 1 slot monitoring periodicity, and 4 candidates for AL=2, 2 candidates for AL=8, 2 candidates for AL=16.
· Search space#2 is configured with 2 slots monitoring periodicity, and 4 candidates for AL=2, 2 candidates for AL=8, 2 candidates for AL=16.
· Search space#3 is configured with 5 slots monitoring periodicity, and 4 candidates for AL=2, 2 candidates for AL=8, 2 candidates for AL=16.
[image: ]
Figure.1 example of search space configuration for one UE
In the power saving signal/channel transmitted in slot 0, scaling factor 0 is used for search space#1, scaling factor of 1/2 is used for search space#2 and scaling factor of 1/2 is used for search space#3. Therefore, the monitoring of PDCCH for search space#0 is skipped during slot 0~4 as no candidate is monitored, while for search space#2 and 3, only the first 1/2 candidates, e.g. 2 candidates for AL=2 and the first candidate for AL=4 and AL=8 are monitored during slot 0~4. 
Proposal 3. A scaling factor for search space candidates indicated by power saving signal can be used to reduce PDCCH monitoring complexity.

Consideration on resources for power saving signal
Although the power saving signal is useful to reduce UE power consumption, the transmission resource shall be carefully design to avoid large resource consumption. The following shall be considered for power saving resource,
· UE specific power saving signal is better to adapt to UE’s traffic characteristics and it can achieve high power efficiency. But to reduce the resource overhead, the power saving signal shall provide multiplexing capability or power saving signal sharing among multiple UEs can be further studied.
· The resource allocation shall be friendly to R15 UEs, such as reusing the concepts of CORESETs, if channel based power saving signal is introduced. It means that the configuration of power saving channel resource can reuse the 6RB allocation grid. With this way, providing periodicity parameters similar to search space can determine the monitoring location of power saving signal, and it is also easy for indication of the resource to do rate matching.
[image: ]
Figure.2 resource allocation for power saving signal
Proposal 4. Power saving signal is UE specifically configured.
Proposal 5. Transmission of power saving signal shall keep as less impact to R15 UEs as possible.
3. Conclusions
In this contribution, consideration on power saving signal design are discussed, such as how the triggering information is carried, what is the information to be conveyed, and how to determine the resources for triggering signal, and the following proposals are made,
Proposal 1. Whether sequence based or channel based power saving signal is adopted depends on the number of information bits it conveys.
Proposal 2. Power saving signal could trigger a CSI report before or at the beginning of C-DRX cycle.
[bookmark: _GoBack]Proposal 3. A scaling factor for search space candidates indicated by power saving signal can be used to reduce PDCCH monitoring complexity.
Proposal 4. Power saving signal is UE specifically configured.
Proposal 5. Transmission of power saving signal shall keep as less impact to R15 UEs as possible.
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