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1. Introduction

In RAN1#102-e, potential paging enhancements were discussed. Some candidate schemes were agreed [1]. 
Agreements:
For potential paging enhancements, RAN1 to study the following candidate schemes:
· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 

· DCI-based indication, e.g., based on 

· Extending existing DCI format 1_0 or 2_6 

· New DCI format

· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS

· Sub-grouping for paging, based on 
· Legacy paging DCI

· Paging early indication

· Additional reception occasions in time/frequency domain

· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH

· Other proposal is not precluded

In this contribution, we further discuss the candidate schemes for paging enhancements for power saving.
2. Discussion
The work item includes the following objectives for idle/inactive-mode UE power saving: 
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). For idle/inactive-mode UE, the main scenario of power consumption is paging reception, which is the objective of Rel-17 power saving enhancements. 
2.1. Paging early indication 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. Paging early indication before a target PO is to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. As already agreed in [1], potential candidate indication methods include:

· DCI-based indication, e.g., based on 

· Extending existing DCI format 1_0 or 2_6 

· New DCI format

· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
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 configure search space set for an idle/inactive-mode UE individually. If DCI based paging early indication for idle/inactive-mode UE is considered, existing PDCCH CSS set can be used for paging early indication delivery. For example, the PDCCH CSS set for paging early indication can share the Type0-PDCCH CSS set. The PDCCH CSS set can also be informed to idle/inactive-mode UE through SIB or RRC signaling. This mechanism is similar to the case of Type0A-Type2 PDCCH CSS set in Rel-15. No backward compatibility issues is foreseen.
Observation 1: If DCI based paging early indication is considered for idle/inactive-mode UE, PDCCH CSS set can be used. 

Observation 2: DCI based paging early indication for idle/inactive-mode UE has no backward compatibility issue. 

In [1], the following LLS assumptions were agreed for the study on paging enhancements.
Agreements:
For the study on paging enhancements, the following LLS assumptions are considered.
· For investigating the residual frequency error after one or multiple SS burst processing, at least -6 dB SNR should be considered

	Parameters
	Values
	Note

	Carrier Frequency
	4GHz (FR1)
	

	Transmission BW
	20MHz (FR1)
	

	Antenna Configuration
	1/2TX and 2/4 RX
	Companies to report

	Channels
	TDL-C or CDL-C

300 ns delay spread

100 Hz Doppler shift
	

	Frequency error
	Uniform distribution in the range [-X, +X]ppm
Companies to report the utilized X value(s) with justification
	Modelled at the input of the considered paging channel/early indication design(s)

	Paging PDCCH configuration
	AL8, 41 info + 24 CRC bits, REG bundle size 6
	Companies to report additional setting(s), e.g., CORESET duration, etc.

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TB scaling 1, DMRS type 1 with 2 additional DMRS
	Companies to report additional setting(s), e.g., other TB scaling factor, other DMRS type(s), etc.

	Paging early indication design(s)
	Companies to report
	


We evaluate the required PDCCH SNR with 1% BLER under different residual frequency error. For 0.1ppm, 0.5ppm and 1ppm frequency error, the required SNR increases about 0.06dB, 0.1-0.2dB and 0.5dB, respectively. The detail LLS results are shown in the following table and figures.
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Figure 1 PDCCH SNR with residual frequency error

Table 1 PDCCH SNR with residual frequency error
	
	X=0ppm
	X=0.1ppm
	X=0.5ppm
	X=1ppm

	
	
	SNR(dB)
	gap(dB)
	SNR(dB)
	gap(dB)
	SNR(dB)
	gap(dB)

	2T4R
	-9.97
	-9.91
	0.06
	-9.81
	0.16
	-9.42
	0.55

	2T2R
	-6.15
	-6.13
	0.02
	-6.04
	0.11
	-5.70
	0.45

	1T2R
	-6.18
	-6.12
	0.06
	-6.04
	0.14
	-5.64
	0.54

	1T4R
	-9.91
	-9.85
	0.06
	-9.71
	0.20
	-9.31
	0.60


Based on the shown LLS results, the PDCCH performance with residual frequency error has little loss. It is considered acceptable for paging early indication. 
Observation 3: The loss of PDCCH performance with residual frequency error is acceptable.
For the DCI-based indication, it is desired to reuse existing DCI format for less standard efforts. The fields in the existing DCI format can be re-interpreted to carry paging early indication, if needed. The DCI format 2_6 and 1_0 can be considered as candidates for paging early indication delivery. 
For DCI format 2_6, it has been used as power saving signal to indicate PDCCH monitoring during corresponding cDRX on duration in Rel-16. It is straightforward to reuse DCI format 2_6 as paging early indication to indicate PDCCH monitoring during target PO with some change of paramter. The following figure 2 shows the power saving information in DCI format 2_6. The wake-up indication field can be used for paging PDCCH monitoring indication. Similarly, the idle/inactive-mode UEs can be grouped into different blocks in DCI. 
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Figure 2 DCI format 2_6
For DCI format 1_0, it can be used for paging indication when scrambled by P-RNTI. It can also be reused to indicate PDCCH monitoring during target PO. If it is used for paging early indication, DCI format 1_0 should be monitored before the target PO, instead of during PO. Consequently, the paging search space cannot be reused for paging early indication monitoring, if DCI format 1_0 scrambled by P-RNTI is used for paging early indication. It seems that two search space will be needed for monitoring DCI-format 1_0 scrambled by P-RNTI, one for paging indication and the other for paging early indication. The fields in DCI format 1_0 can also be re-interpreted to carry paging early indication. The details are for future study.
As discussed above, in our view, if DCI-based paging early indication is considered for idle/inactive-mode UE, reusing existing DCI format 2_6 for paging early indication is slightly preferred, considering lower complexity and less standard efforts. 

Proposal 1: The existing DCI format 2_6 is reused for paging early indication, if DCI-based indication is considered.
During Rel-16 power saving WI, 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, RS-based or sequence-based paging early indication is feasible from the perspective of performance. 

Observation 4: The performance of sequence-based indication is good enough to be used as power saving signal.  

For the RS-based or sequence-based paging early indication design, standard efforts are important to be considered. The standardization load of new sequence or RS design may not be acceptable. The resource overhead and backward compatibility are also main issues to be considered. The RS/sequence based paging early indication should be well 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/TRS, can be used as power saving signal. SSS is not preferred for paging early indication, if it has impacts on the SS/PBCH block definition and transmission. 

Other existing RS are not excluded. Studies are needed on how to indicate paging early indication using these existing RS, and at the same time, backward compatibility is maintained. The time-frequency resource of the signal should be carefully considered to avoid backward compatibility issues. 

Proposal 2: RS-based or sequence-based paging early indication can be considered. The issue of backward compatibility should be emphasized. 
Proposal 3: Existing RS is reused for paging early indication, e.g. CSI-RS/TRS. Other existing RS are not excluded.
2.2. Power saving gain with paging reception reduction
Besides the design of paging early indication, the power saving gain is also an important issue to be considered. Power consumption is needed for paging early indication receptions. The power saving gain can be acquired only if the power consumption for paging early indication 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 paging early indication, the power consumption has to be taken into account, since the power consumptions for receiving DCI based paging early indication may be comparable to paging indication receptions. However, with paging early indication, power consumption for receiving PDSCH can still be saved if UE is false paged. 

Observation 5: DCI based paging early indication will have power saving gain if UE is false paged in target PO.

For the sequence based signal, the power consumption could be relatively lower with special simplified design. More power saving gain can be achieved compared to DCI monitoring. 

Observation 6: Power saving gain is an issue to be considered when designing paging early indication.
2.3. Resource for paging early indication transmission
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 paging early indication reception, paging early indication can be configured before or during time-frequency synchronization recovery procedure. The paging early indication can be associated with SS/PBCH block receptions. Then the power for paging early indication reception can be reduced, since UE does not have to specially wake up for paging early indication 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 3 shows the SSB burst set occasions and paging occasions in time domain. 
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Figure 3 SSB burst set and Paging occasions
For DCI based paging early indication transmission, search space set can be defined to be associated with SSB burst. Some options can be further considered, for example:
· Reuse Type0-PDCCH CSS

· Define CORESET around resource of SSB

For RS/sequence-based paging early indication transmission, the resource of RS can also be defined to be associated with SSB burst, such as resource around SSB. 

Proposal 4: The resource for paging early indication transmission is associated with the resource for SSB transmission.
2.4. Sub-grouping for paging
The issue of sub-grouping for paging has been discussed during previous release, such as Rel-15. The main discussion happens in RAN2 group. In RAN1, considering the discussion on the design of paging early indication, the sub-grouping paging indication can be carried in paging early indication. For DCI based indication, DCI format 2_6 or 1_0 can be enhanced to indicate sub-grouping paging early indication. Existing DCI format 2_6 has supported indicating wake-up signals to multiple UE sub-groups, as shown in figure 1. For RS based indication, other solutions can be considered to indicate sub-grouping paging early indication.  The detail of RS based sub-grouping indication is FFS.
Proposal 5: The sub-grouping for paging is based on paging early indication.
2.5. 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 7: 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 paging early indication is considered for idle/inactive-mode UE, PDCCH CSS set can be used. 

Observation 2: DCI based paging early indication for idle/inactive-mode UE has no backward compatibility issue. 

Observation 3: The loss of PDCCH performance with residual frequency error is acceptable.
Observation 4: The performance of sequence-based indication is good enough to be used as power saving signal.  

Observation 5: DCI based paging early indication will have power saving gain if UE is false paged in target PO.

Observation 6: Power saving gain is an issue to be considered when designing paging early indication.
Observation 7: Paging procedure enhancements are mainly RAN2 issues. The power saving signal design may have impacts on the paging procedure enhancements.
Proposal 1: The existing DCI format 2_6 is reused for paging early indication, if DCI-based indication is considered.

Proposal 2: RS-based or sequence-based paging early indication can be considered. The issue of backward compatibility should be emphasized. 
Proposal 3: Existing RS is reused for paging early indication, e.g. CSI-RS/TRS. Other existing RS are not excluded.
Proposal 4: The resource for paging early indication transmission is associated with the resource for SSB transmission.

Proposal 5: The sub-grouping for paging is based on paging early indication.
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