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1. Introduction

During the discussions in RAN1#95 meeting, several agreements on the triggering adaptation of UE power consumption characteristics have been made as below [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

This contribution further discusses the power saving signal/channel design and evaluation for power saving. 
2. Discussion
It was agreed that 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 down selection of power saving signal/channel design should be based on the further evaluation of the aspects in addition to its triggering to the power saving gain. 

· Network resource overhead

· PDCCH channel
A PDCCH consists of one or more CCEs. For common search space, CCE aggregation levels is L∈{4,8,16}. For a UE-specific search space, CCE aggregation level is L∈{1,2,4,8,16}. The resource overhead is at least 72 and 288 REs for UE-specific and common search space respectively. 
· TRS, CSI-RS type RS, SSS-like and DMRS
For CSI-RS type RS, the minimum nrofPRBs is 24 RB. Minimum density and number of port are 0.5 and 1 respectively. 
For SSS-like signal, 127 REs with guard REs are needed for SSS. We can assume 144 REs for SSS-like signal as power saving signal. 

For DMRS for PDSCH, single-symbol DM-RS can be used for power saving signal. The bandwidth of DMRS is related to the bandwidth of scheduled PDSCH. Minimum one RB canbe assumed for evaluation.
· PDSCH channel carried MAC CE and/or RRC signaling
The PDSCH carrying MAC CE and/or RRC signaling may have flexible resource size. Generally speaking, the size is larger than that of PDCCH and RS. 
· New power saving signal/channel – sequence based
The new sequence based signal should have enough length for the detection performance. 
For the evaluation of network resource overhead, sequence based signal, no matter existing or new signals, will have similar length considering similar detection performance requirement. PDCCH or PDSCH have higher reliability with CRC check. But the higher resource overhead is needed. However, PDCCH or PDSCH have higher capability on power saving signal delivery. When we make evaluation on the aspects of network resource overhead, both detection performance and power saving signaling payload are proposed to be considered. 
Proposal 1: The evaluation of network resource overhead for power saving signal should consider both detection performance and power saving signaling delivery. 
· Coexistence/multiplexing with existed signal/channel of Rel-15
· PDCCH channel
For PDCCH channel, new triggering information will be carried in existing or new DCI format. A new common or UE specific search space can be configured for PDCCH carrying power saving signal. There is no issues on coexistence/multiplexing with existed signal/channel of Rel-15.
· TRS, CSI-RS type RS, SSS-like and DMRS
For TRS and CSI-RS type RS, new power saving signal can be configured to occupy resource of legacy defined ones for TRS and CSI-RS. Coexistence/multiplexing with existed signal/channel of Rel-15 may not be difficult. 
For SSS-like and DMRS, if they are used for power saving signal, coexistence/multiplexing with existed SSS or DMRS should be considered, and issues needed be identified. 
· PDSCH channel carried MAC CE and/or RRC signaling  
PDSCH channel carried MAC CE and/or RRC signaling can be scheduled by DCI following the Rel-15 mechanism, no coexistence/multiplexing with existed signal/channel need be considered. 
· New power saving signal/channel – sequence based
Obviously, coexistence/multiplexing with existed signal/channel should be considered when introducing new power saving signal/channel. 
For the evaluation of coexistence/multiplexing with existed signal/channel of Rel-15, there are concerns on the coexistence/multiplexing of new power saving signal/channel and some reused existed signal/channel with existed signal/channel of Rel-15. In our view, less standard efforts are required if existed signals are reused as much as possible.  
Proposal 2: Less efforts on coexistence/multiplexing with existed signal/channel of Rel-15 are preferred for the power saving signal design. 

· UE-specific, group-specific, cell-specific power saving signal/channel
· PDCCH channel
Rel-15 PDCCH can support UE-specific, group common and cell specific configuration. 
· TRS, CSI-RS type RS, SSS-like and DMRS
TRS, CSI-RS type RS and DMRS are UE-specific configured. SSS is cell-specific signal. How to use the signal for UE-specific, group-specific, cell-specific power saving signal needs to be studied. 
· PDSCH channel carried MAC CE and/or RRC signaling
PDSCH scheduled by PDCCH can be UE-specific, group-specific or cell-specific.
· New power saving signal/channel – sequence based
New power saving signal/channel can be designed UE-specific, group-specific or cell-specific. The complexity and overhead may be different. 
For the evaluation of power saving signal design, studies are needed on how to fulfil UE-specific, group-specific and cell-specific signaling for power saving, when existing or new power saving signal/channel is introduced. 

Proposal 3: Studies are needed on how to fulfil UE-specific, group-specific and cell-specific signaling for power saving. 

· Detection performance
· PDCCH channel
Rel-15 PDCCH detection performance is protected with CCE aggregation level. There is a tradeoff between resource overhead and detection performance. 
· TRS, CSI-RS type  RS, SSS-like and DMRS
During last meeting, we provided link level simulation results of the detection performance of sequence based signal in [2]. In RAN1#95 meeting, it was agreed that for LLS simulation on power saving signal detection performance, at least the following SINR values should be evaluated: -6dB, 3dB, 20dB. The updated simulation result is attached in the appendix. It is observed TRS has good missing detection performance. For -6dB SNR, the missing detection prabibility is below 0.01 with all the simulation assumption. The sequence based signal can be used as power saving signal. 
· PDSCH channel carried MAC CE and/or RRC signaling
Rel-15 PDSCH detection performance is protected by scheduling of gNB. 
· New power saving signal/channel – sequence based
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 evaluation of detection performance is similar to that of existing TRS, CSI-RS type RS, SSS-like and DMRS in Rel-15. 
For the evaluation of detection performance, both PDCCH and sequence based signal can satisfy the requirement. We have to consider tradeoff between resource overhead and detection performance requirement when designing power saving signal.
Proposal 4: For the evaluation of detection performance, network resource overhead should be considered for power saving design.
· Complexity
Generally speaking, the complexity and standard efforts are higher than using existing signal/channel. For existing signal/channel, different design may have different complexity. The simpler design will be reusing existing signal/channel with minimum changes. The time and frequency resource are also carefully considered for the new power saving signal. Backward compatibility should be taken into account. The time and frequency resource of new power saving signal can reuse the locations of existing signals to alleviate the impacts on the legacy UEs. For example, the power saving signal in PDSCH region will be harmful to the PDSCH demodulation of Rel.15 UEs.
Proposal 5: Less complexity and standard efforts are preferred for power saving signal design. 
· Power consumption of the power saving signal/channel
For network side, the power consumption of the power saving signal is mainly related to the resource overhead of the signal. For UE side, power consumption of receiving power saving signal/channel is also needed to be considered. The monitoring of PDCCH or PDCCH+PDSCH will have higher power consumption for a power saving UE. When considering power consumption, both network and UE sides can be considered. 
Proposal 6: Both network and UE sides are considered for the evaluation of power consumption of the power saving signal/channel.
For the power saving signal for adaption in different domain, or power saving profile, different signal/channel may be needed, e.g. PDCCH and sequence based signal. The former has higher reliability and signaling payload for fine power saving controlling of UE, e.g. DRX configuration/power control profile change. The latter has less resource overhead and lower signaling payload. It can be used for coarse power saving controlling, e.g. wake up and sleep control of UE. Therefore, it is proposed that:
Proposal 7: Both Sequence based and PDCCH/PDSCH based power saving signals can be supported for different power saving control scenario.

The UE-specific, group-specific, cell-specific power saving signal/channel will have different network resource overhead. There is a tradeoff between power saving gain and network resource overhead. The UE-specific power saving signal can accurately control the power saving operation adapting to the traffic of each specific UE, which brings higher power saving gain. Cell-specific power saving signal/channel can only perform coarse power saving control. Considering the variable traffic of different UE in the cell, cell-specific power saving signal/channel is not always acceptable for all the power saving scenario. Group-specific power saving signal/channel is a tradeoff for the power saving control. It need to study how to grouping the UE for power saving control. For example, those UEs that have similar power saving related configuration/profile/parameters can share the same group-specific power saving signal/channel. Even for UE-specific power saving signal/channel, ways need be found to reduce signaling overhead. For PDCCH monitoring triggering, if the power saving signal is UE-specific, it can be allowed to control the wake up or sleep of UE during multiple PDCCH monitoring occasions.
Proposal 8: Group-specific power saving signal/channel is preferred for power saving control. Issues on group-specific power saving signal/channel configuration and UE grouping are for further study. 
Proposal 9: For UE-specific power saving signal/channel, enhancement is needed for signaling overhead reduction. 
3. Conclusions
This contribution further discusses the power saving signal/channel design and evaluation for power saving. The followings are proposed. 

Proposal 1: The evaluation of network resource overhead for power saving signal should consider both detection performance and power saving signaling delivery. 
Proposal 2: Less efforts on coexistence/multiplexing with existed signal/channel of Rel-15 are preferred for the power saving signal design.
Proposal 3: Studies are needed on how to fulfil UE-specific, group-specific and cell-specific signaling for power saving. 

Proposal 4: For the evaluation of detection performance, network resource overhead should be considered for power saving design.
Proposal 5: Less complexity and standard efforts are preferred for power saving signal design. 
Proposal 6: Both network and UE sides are considered for the evaluation of power consumption of the power saving signal/channel.

Proposal 7: Both Sequence based and PDCCH/PDSCH based power saving signals can be supported for different power saving control scenario.

Proposal 8: Group-specific power saving signal/channel is preferred for power saving control. Issues on group-specific power saving signal/channel configuration and UE grouping are for further study. 

Proposal 9: For UE-specific power saving signal/channel, enhancement is needed for signaling overhead reduction. 
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Appendix
For sequence based signal, a link level simulation is used to identify the missing detection performance. The simulation assumptions specified in Table A1.5-1 in TR38.802 are used. A TRS is used for evaluation with different number of slot and bandwidth, e.g. 52 and 24 RBs with 15kHz SCS. The false alarm probability is assumed 1%. 
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Figure 1 Missing detection performance of TRS 
The results in figure 1 shows that with the simulation assumptions, TRS has good missing detection performance. Sequence based triggering signal can be used as waking up signal.
