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1. [bookmark: _Toc120549591]Introduction
As the WID in RP-200938 [1], the objectives of UE power saving enhancements for idle/inactive-mode UE are as the following,
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 this contribution, some power saving techniques of paging enhancement will be discussed.
2. Evaluation methodology update for idle/inactive state
In Rel-16 Power saving SI/WI, the power model in TR 38.840 [2] is used to evaluate the power saving gain, but the power model is mainly used to evaluate power saving techniques used in RRC_CONNECTED. Therefore, some updates of power model for FR1 is needed to be discussed in Rel-17 Power saving WI.
BWP bandwidth
For FR1, CORESET for Type0-PDCCH can be configured as large as 17.28 MHz in frequency domain in Rel-15/16 to support PDCCH AL16. But considering simplify the evaluation of power saving techniques in IDLE/INACTIVE state, 20MHz can be used as the evaluation BWP bandwidth and the scaling factor for BWP bandwidth adaptation been adopted in TR 38.840 can be used, i.e., the scaling from 100MHz to 20 MHz is 0.4 + 0.6 * (20 - 20) / 80 = 0.4.
I-DRX Cycle
1280ms I-DRX cycle can be used in the evaluation methodology which is the same as real network configuration.
SSB periodicity
The default SSB periodicity of 20ms can be used in in the evaluation methodology.
Offset between SSB and PO
To simplify the evaluation, the offset between the nearest SSB and PO can be considered as 10ms.
Proposal 1. The following updated parameters can be considered in the evaluation methodology in IDLE/INACTIVE state for FR1:
· 20MHz BWP bandwidth
· 0.4 scaling factor for 20MHz
· 1280ms I-DRX cycle
· 20ms SSB periodicity
· 10ms offset between the nearest SSB and PO
3. Paging enhancement to reduce unnecessary UE paging receptions
In this section, group-based paging mechanism is discussed to reduce unnecessary UE paging receptions.
2.1 Group-based paging mechanism
In Rel-15/16 paging procedure, UE monitors PO per paging cycle to detect the PDCCH with P-RNTI, then receives the paging message scheduled by P-RNTI PDCCH. If the ue-Identity in paging message matches to UE’s own ID, UE then accesses to the network, otherwise is still in idle/inactive mode. 
The current paging procedure may cause unnecessary paging reception and introduce useless power consumption, in case that UE receives paging PDCCH and PDSCH but cannot match its UE’s ID. The reason causes the false alarm of paging reception is that one PO contains more than one UEs, all UEs should first receive the same paging PDCCH and PDSCH and then to check whether the paging is for itself or not, even only one UE in this PO need to receive paging message actually.
In Rel-15 NB-IoT/MTC, wake up signal (WUS) is introduced to reduce unnecessary power consumption on paging reception. If UE does not detect the WUS, UE will not monitor the following PO(s). UE-group WUS is introduced to further reduce the false alarm of paging reception in Rel-16 NB-IoT/MTC, which the UEs in one PO are divided into multiple groups and each UE group is associated with one own UE-group WUS. UE monitors the following PO(s) if only detecting its UE-group WUS. The UE-ID based grouping and paging probability based grouping are all supported in Rel-16 NB-IoT/MTC.
It is verified that WUS or UE-group WUS is an effective scheme to reduce the unnecessary UE paging reception. Comparing to legacy WUS, UE-group WUS can further reduce unnecessary paging reception and has more power saving gain. Therefore, this effective UE group-based paging mechanism should be supported in NR as well. The basic mechanism of group-based paging is that gNB transmits signalling to indicate which UE group(s) in one PO should receive paging. In addition, the UE-ID based grouping and paging probability based grouping can all be supported in NR, similar to Rel-16 NB-IoT/MTC.
Proposal 2. The UE group paging mechanism should be supported in NR to reduce unnecessary paging reception, which gNB transmitting signalling to indicate which UE group(s) in one PO should receive paging.
Proposal 3. UE-ID based grouping and paging probability based grouping can all be supported in NR UE group paging mechanism.
2.2 Group-based paging signalling design
As the discussion in section 2.1, UE group paging mechanism is an effective way to reduce unnecessary UE paging reception. The most important work in RAN1 is to design the signalling to indicate which UE group(s) in one PO should receive paging, which we can name it as paging group indication (PGI). The following are three PGI design schemes to be further studied. 
Alt 1. Sequence based paging group indication (PGI)
The WUS or UE-group WUS in NB-IoT/MTC are all sequence based signalling, similar sequence based PGI design can be introduced in NR as well. In this signalling design scheme, different UE group PGI sequences are orthogonal. In addition, the PGI sequence can use DTX transmission scheme, UE needs to monitor the PO only if detecting the associated PGI sequence. It is simple for UE to detect, but gNB may transmit more than one PGI sequences if more than one UE groups are needed to receive paging. 


Figure 1. Sequence based paging group indication design
The Figure 1 is an illustration of sequence based PGI design, with the assumption that one PO contains six UE groups. PGI sequence #1 and PGI sequence #4 are transmitted, hence UE group #1 and UE group #4 should be waked up to monitor PO and receive the scheduled paging message. The multiplexing of different PGI sequence can be further studied in this PGI signalling design scheme.
Alt 2. New PDCCH based paging group indication (PGI)
In Rel-16 UE power saving, the PDCCH based power saving signal is designed to indicate RRC_CONNECTED UE whether to monitor PDCCH in next DRX cycle or not. Similarly, Alt 2 of PGI design is introducing a new PGI PDCCH before PO. In this scheme, bitmap can be used in the PGI DCI to indicate which UE group(s) to monitor PO and only one PDCCH is needed to transmit from gNB’s side to reduce the network overhead. From UE’s side, all UEs in one PO should first detect the PGI PDCCH to check whether need to monitor the following PO or not, the PGI detection is more complicated than Alt 1. 


Figure 2. New PDCCH based paging group indication design
The Figure 2 is an illustration of new PDCCH based PGI design, which has the same assumption as in Figure 1. The bitmap of PGI DCI is “0100100”, thus UE group #1 and UE group #4 should be waked up to monitor PO and receive the scheduled paging message.
Alt 3. Paging DCI based paging group indication (PGI)
The third paging group indication design scheme is enhancement of current paging DCI, which the PGI bits is in the paging DCI format 1_0 directly. In this scheme, all UEs in one PO should first monitor the paging DCI and receive the scheduled paging message if the associated PGI bit is “1”. Figure 3 is an illustration of this solution.


Figure 3. Paging DCI based paging group indication design
The most advantage of Alt 3 is without introducing any additional network signalling overhead. In addition, the DCI size will not increase through using the reserved bits in DCI format 1_0 as PGI indication when CRC is scrambled with P-RNTI. For UE need to be waked up to receive paging, the power consumption of Alt 3 is less than Alt 2 due to without receiving additional PGI PDCCH. But for UE not need to be waked up, the power saving gain of Alt 3 is less than Alt 2, because UE requires a longer time for time/frequency tracking before receiving paging PDCCH/PDSCH in Alt 3. 
The above three schemes can be further studied as the signalling design of paging group indication (PGI), and the Pros and Cons are summarized in the following table. From the view of not introducing additional network signalling overhead, we prefer Alt 3 as the PGI design.
Table 1. Pros and Cons of three paging group indication (PGI) designs
	
	Pros
	Cons

	Alt 1. Sequence based PGI
	Least UE detection complexity
	Large network signalling overhead

	Alt 2. New PDCCH based PGI
	Less network signalling overhead than Alt 1
	More UE detection complexity than Alt 1

	Alt 3. Paging DCI based PGI
	1. Without any additional network signalling overhead than Alt 1&Alt 2;
2. Less power consumption than Alt 2 for UE need to be waked up
	More power consumption than Alt 2 for UE not need to be waked up


Therefore, three different signalling designs of paging group indication (PGI) can be further studied and evaluated.
Proposal 4. The signalling design of paging group indication to indicate which UE group(s) to monitor PO or receive paging PDSCH can be further studied as the following, and Alt 3 can be as high priory:
· Alt 1. Sequence based;
· Alt 2. New PDCCH based;
· Alt 3. Enhanced current paging DCI.
4. Conclusions
In this contribution, some power saving techniques of paging enhancement are discussed, and the following proposals are made.
Proposal 1. The following updated parameters can be considered in the evaluation methodology in IDLE/INACTIVE state for FR1:
· 20MHz BWP bandwidth
· 0.4 scaling factor for 20MHz
· 1280ms I-DRX cycle
· 20ms SSB periodicity
· 10ms offset between the nearest SSB and PO
Proposal 2. The UE group paging mechanism should be supported in NR to reduce unnecessary paging reception, which gNB transmitting signalling to indicate which UE groups in one PO should receive paging.
Proposal 3. UE-ID based grouping and paging probability based grouping can all be supported in NR UE group paging mechanism.
[bookmark: _GoBack]Proposal 4. The signalling design of paging group indication to indicate which UE group(s) to monitor PO or receive paging PDSCH can be further studied as the following, and Alt 3 can be as high priory:
· Alt 1. Sequence based;
· Alt 2. New PDCCH based;
· Alt 3. Enhanced current paging DCI.
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