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1. Introduction

In RAN#88e, the revised WID for power saving enhancements for NR [1]. One of the main objectives is to study and specify paging enhancements to reduce unnecessary UE paging receptions. This contribution initially discusses the high-level concepts of paging enhancements for Rel-17 power saving enhancements. 
2. Discussion
The work item includes the following objectives for idle/inactive-mode UE power saving [1]: 
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]

a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]

· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting

b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]

· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required

In Rel-16, several power saving schemes were specified, including power saving signal/DCI as enhancement to connected-mode DRX (cDRX), additional adaptations to maximum MIMO layer number, SCell dormancy behaviour and cross-slot scheduling as enhancements to BWP framework, RRM relaxation as enhancements for idle/inactive-mode power consumption, and UE assistance information. However, the idle/inactive-mode power consumption was not addressed due to lack of time. For idle/inactive-mode UE, the main scenario of power consumption is paging reception, which is the objective of Rel-17 power saving enhancements. The following sections discuss some high-level concepts of paging enhancements.

2.1. Power saving signals design for paging reception
In Rel-16, DCI format 2_6 is introduced to carry power saving signal. It indicates whether UE should monitor PDCCHs during corresponding cDRX on duration. For the idle/inactive-mode UE, it has to wake up periodically for paging PDCCH monitoring during paging occasions. One straightforward solution for power saving is to also introduce a new power saving signals to reduce unnecessary UE paging receptions. As already discussed during Rel-16, the following power saving signal/channel were discussed.
· 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 

For connected-mode UE, PDCCH search space can be configured UE-specifically. The reliability and backward compatibility are guaranteed with PDCCH based power saving channel. For idle/inactive-mode UE, only common search space set are configured for paging, SIB, RAR receptions. It is not feasible to introduce UE specific search space set for an idle/inactive-mode UE. If DCI based power saving signal for idle/inactive-mode UE is considered, existing PDCCH CSS set can be used for power saving signal delivery. Since no new resource for power saving signal is defined, backward compatibility can be maintained.
Observation 1: If DCI based power saving signal is considered for idle/inactive-mode UE, only PDCCH CSS set can be used. 

Observation 2: DCI based power saving signal for idle/inactive-mode UE has no backward compatibility issue. 

Another option is sequence based power saving signal, which could include:
· Existing signal based power saving signal

· Reference signal: TRS, CSI-RS type RS, SSS-like and DMRS

· New power saving signal – sequence based 

In [2], link level simulation was used for the performance evaluation of TRS (CSI-RS) as power saving signal. The results shows that the detection performance is good enough with the simulation assumption. In our view, sequence based power saving signal is feasible from the perspective of performance. 

Observation 3: The performance of sequence is good enough to be used as power saving signal.  

For the sequence based power saving signal design, the resource overhead and backward compatibility are main issues to be considered. The sequence based power saving signal should be multiplexed with existing Rel-15/16 NR signals/channels, and will not have impacts on the legacy UEs. For example, legacy UE should not have no knowledge of performing rate matching around the resource of new power saving signal. Existing RS, such as CSI-RS, can be used as power saving signal. Other existing RS are not excluded. Studies are needed on how to indicate power saving information using these existing RS, and at the same time, backward compatibility is maintained. New sequence based signal can also be designed for power saving signal. The time-frequency resource of the signal should be carefully considered to avoid backward compatibility issues. 
Observation 4: Backward compatibility is main issue to define the resource for sequence based power saving signal.
2.2. Power saving gain with paging reception reduction
Besides the design of power saving signal, the power saving gain is also an important issue to be considered. Power consumption is needed for power saving signal receptions. The power saving gain can be acquired only if the power consumption for power saving signal receptions is lower than that for paging receptions. For each paging occasion, UE monitors PDCCH according to paging PDCCH search space set. The PDCCH monitoring occasion for paging may be much shorter than DRX on duration. For DCI based power saving signal, the power consumption has to be taken into account, since the power consumptions for receiving DCI based power saving signal may be comparable to paging receptions. For the sequence based signal, the power consumption could be relatively lower with special simplified design. It seems a more promising solution for power saving signal. 

Observation 5: Power saving gain is an important issue to be considered when designing power saving signal.
For idle/inactive-mode UE, time-frequency synchronization may be lost during DRX inactive duration. Before UE starts monitoring paging PDCCH during paging occasions, UE may wake up earlier for time-frequency synchronization recovery. SS/PBCH block can be used for this purpose, since no RS is configured for idle/inactive-mode UE. It is up to UE implementation on time-frequency synchronization recovery. However, this recovery may take few SSB bursts before a paging occasion are decodable for a UE. The tracking on multiple SSB bursts may further increase the overall power consumption for decoding a paging. Considering power saving for power saving signal reception, power saving signal can be configured before or during time-frequency synchronization recovery procedure. The power saving signal can be associated with SS/PBCH block receptions. Then the power for power saving signal reception can be reduced, since UE does not have to specially wake up for power saving signal reception due to the lower requirement of frequency/time synchronization. The time-frequency resource can be near to that of SS/PBCH block. The detailed design can be considered further. The following figure shows the SSB burst set occasions and paging occasions in time domain. 
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Figure 1 SSB burst set and Paging occasions
2.3. Paging procedure enhancements
For the purpose of backward compatibility, the paging procedure should be unchanged as much as possible. For idle/inactive-mode UE in Rel-17, the paging reception procedure can be enhanced for further power saving. The enhancements should have no impacts to legacy UEs. In our view, the enhancements to paging procedure are mainly RAN2 issues. However, the design of power saving signal for paging may have impacts on the paging procedure. RAN1 can consider the impacts on the paging procedure and the requirements on the enhancements when introducing power saving signal for paging. 
Observation 6: Paging procedure enhancements are mainly RAN2 issues. The power saving signal design may have impacts on the paging procedure enhancements.
3. Conclusions
In this contribution, the high-level concepts of paging enhancements for Rel-17 power saving enhancements are discussed. The following are observed.

Observation 1: If DCI based power saving signal is considered for idle/inactive-mode UE, only PDCCH CSS set can be used. 

Observation 2: DCI based power saving signal for idle/inactive-mode UE has no backward compatibility issue. 

Observation 3: The performance of sequence is good enough to be used as power saving signal.  

Observation 4: Backward compatibility is main issue to define the resource for sequence based power saving signal.
Observation 5: Power saving gain is an important issue to be considered when designing power saving signal.
Observation 6: Paging procedure enhancements are mainly RAN2 issues. The power saving signal design may have impacts on the paging procedure enhancements.
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