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Introduction
[bookmark: _Hlk53780111]During RAN1 #103-e meeting, RAN1 made following observations and agreements regarding potential paging enhancement for idle/inactive-mode UE power saving [1]:
Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%] - [1.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.4%] - [0.8%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.3%] - [1.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.8%] - [3.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.5%] - [4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
Some companies show concern on assuming group paging rate larger than 60%.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
 
Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication carried in paging early indication can provide the following power saving gains w.r.t Rel-16:
· If the original group paging rate is 10%: 
· [10.6%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [16.0%] –[36.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [14.3%] –[46.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [8.0%] –[19.1%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [18.1%] –[34.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [20.6%] –[42.0%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The additional power saving gains w.r.t. paging early indication without UE sub-grouping are given as follows:
· If the original group paging rate is 10%: 
· [0.6%] –[2.7%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [0.6%] –[4.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [0.6%] –[4.7%] where the baseline assumes 3 SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [1.3%] –[8.0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [2.1%] –[13.0%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [3.3%] –[16.1%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
Note: Not all sources providing results for paging early indication without UE sub-grouping also provide results for paging early indication with UE sub-grouping.
 
Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, cross-slot scheduling with K0 = 1, which can be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [<1%] –[2.5%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [<1%] -[1.6%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [<1%] -[1.44%] where the baseline assumes 3 SS bursts for synchronization before PO reception
One source shows that cross-slot scheduling with K0 = 32, which cannot be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [6.3%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gain will become lower with higher group paging rate.

Agreements: For NR idle/inactive-mode paging enhancement, paging early indication before paging occasion is supported from RAN1 perspective
· FFS: Physical layer design based on DCI, SSS or TRS/CSI-RS 
· Send LS to inform RAN2 and kindly ask RAN2 to inform RAN1 if there is anything that RAN1 should take into consideration in the physical layer design for this feature, including any other progress RAN2 has made in this WI which may has RAN1 impact

Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, paging early indication without UE sub-grouping can achieve the following power saving gains w.r.t. Rel-16:
· [0%] - [22.8%] where the baseline assumes 1 SS burst for synchronization before PO reception 
· Note: [0%] means UE can apply the baseline behavior if the time offset between the utilized SS burst and PO is small.
· [5.0%] - [32.0%]  where the baseline assumes 2 SS bursts for synchronization before PO reception
· [10.2%] - [67.7%]  where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gains will become lower for higher group paging rate.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
The power saving gains may vary with different paging early indication design.
Draft LS in R1-2009754 is approved. Final LS in R1-2009801.

In this document, we discuss design considerations for early paging indication.
Discussion on early paging indication
In Rel-15/16 NR, a UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption and monitors one paging occasion (PO) per DRX cycle [2]. For SI acquisition [3], UEs in RRC_IDLE or in RRC_INACTIVE shall monitor for SI change indication in its own paging occasion every DRX cycle. UEs in RRC_CONNECTED shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with common search space on the active BWP to monitor paging.
An early paging indication from gNB can indicate a UE to skip monitoring paging DCI on a paging occasion(s) to reduce UE power consumption from unnecessary SS/PBCH block (SSB) measurements and PDCCH decoding efforts.
Sequence based indication
The benefits of sequence-based paging early indication include short detection delay and small power consumption of detection. The complexity of decoding sequence-based indication process is low because of the non-coherent detection. Besides, it can be designed not relying on DL synchronization, since the receiving has much lower synchronization requirement. In addition, the sequence used for indication can be designed for time/frequency synchronization to help UEs get synchronization quickly. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Similar to sequence-based paging early indication, a sequence-based Wake Up Signal (WUS) has been introduced in Rel-15 MTC/NB-IoT and has been enhanced for UE-grouping in Rel-16 MTC/NB-IoT. For the UE that supports WUS and WUS configuration is provided, the UE shall monitor WUS to decide whether to monitor the next PO(s) or not. If the UE does not detect WUS the UE is not required to monitor the following PO(s). The function of sequence-based WUS introduced in MTC/NB-IoT is consistent with the current objective. Sequence-based indication in NR can save more power because of less detection of SSB. WUS has been discussed in depth in MTC/NB-IoT, and the design is mature. So, WUS in NB-IoT/MTC can be considered as a reference for the design of sequence-based indication.
Companies considered the following factors when design the sequence of WUS in NB-IoT/MTC: 1) False detection (cross/auto correlation) performance properties of the sequences. 2) miss detection rate 3) Detection complexity and detection delay for UEs. Sequence design for sequence-based indication can also consider the above aspects.
The bandwidth of NB-IoT WUS (NWUS) is 1 PRB. The bandwidth of MTC WUS (MWUS) is 2 consecutive PRBs. MWUS sequence is same as NWUS per RB and the same sequence is repeated in 2 PRBs. WUS is cell specific configured with maximal duration time, and WUS sequence is mapped to resource with a subframe as a resource unit. However, the bandwidth of BWP in NR is configurable, which is different from the bandwidth of carrier in NB-IoT (e.g. 1 PRB) and MTC (e.g. 6 PRBs). Therefore, the configuration and resource mapping of sequence-based indication may be different from these of NWUS and MWUS.
Proposal 1: For sequence-based indication, WUS in MTC/NB-IoT can be considered as reference with possible modification of configuration and resource mapping.
DCI based indication
[bookmark: _Hlk47021851]Another design approach for early paging indication is DCI based indication. Similar to Rel-16 power saving PDCCH (i.e. DCI format 2_6), an idle or inactive UE may receive a PDCCH monitoring configuration of a DCI format of Paging Power Saving (PPS)-PDCCH indicating whether the UE should monitor paging DCI in a given paging cycle (i.e. a DRX cycle used for determining a paging fame (PF) and a paging occasion (PO)), where the paging DCI includes scheduling information for a paging message and/or a short message. The UE monitors PPS-PDCCH according to the received PDCCH monitoring configuration, and in response to detecting the DCI format of PPS-PDCCH, the UE determines whether to monitor the paging DCI in the given paging/DRX cycle based on the detected DCI format. 
PPS-PDCCH may indicate a UE to skip monitoring the paging DCI over a number of DRX cycles for power saving. For example, if potential applications for the UE is delay-tolerant or UE is of a particular type or access class, a network can delay paging the UE. 
Observation 1: For a UE with delay-tolerant application, a network can delay paging the UE and accordingly, the UE can skip monitoring paging DCI over a certain number of DRX cycles based on gNB’s indication for power saving. 
Regarding power consumption related to PPS-PDCCH monitoring, a UE may be configured to have a PPS-PDCCH monitoring occasion(s) close to a paging DCI monitoring occasion(s) so that beam measurements performed by the UE are applicable to both PPS-PDCCH monitoring and paging DCI monitoring. Alternatively, the UE may be configured to have a PPS-PDCCH monitoring occasion(s) close to an SSB. Further, the UE may be configured with a TRS/CSI-RS occasion close to a paging DCI monitoring occasion(s) for time and frequency tracking. TRS/CSI-RS may actually be transmitted on the configured TRS/CSI-RS occasion, if a paging PDCCH is transmitted on the paging DCI monitoring occasion. In addition, the UE may skip monitoring PPS-PDCCH on a configured PPS-PDCCH monitoring occasion(s) associated with UE’s paging occasion in a paging/DRX cycle, if the UE has already determined whether to monitor or not monitor paging DCI in the paging occasion of the paging/DRX cycle. If the UE is configured or dynamically indicated (i.e. via previous PPS-PDCCH) to monitor PPS-PDCCH not in every paging/DRX cycle but once over multiple paging/DRX cycles, reduced power consumption regarding the overall paging related procedure is expected. 
Observation 2: Paging power saving (PPS)-PDCCH monitoring can be configured in a power efficient manner based on implementation and/or based on TRS/CSI-RS provision.
By sub-grouping UEs corresponding to a particular PO of a particular PF, gNB can indicate a certain sub-group of UEs not to monitor paging DCI, although the paging DCI is transmitted on a paging PDCCH monitoring occasion of the particular PO. On the other hand, a finer granularity of indication may increase an indication signaling overhead and accordingly, may degrade detection/decoding performance of an indication channel and/or require higher power consumption for detection/decoding of the indication channel. Thus, sub-grouping of UEs in the indication channel (e.g. PPS-PDCCH) may not be desired. 
Instead, sub-grouping of UEs in paging DCI may be beneficial for power saving, if a group paging rate (i.e. a paging rate for a group of UEs sharing a PO) is very high. For example, for a case that an individual paging rate is 1% and 32 UEs share a PO (note that the maximum possible number of page records in a paging message is 32), the group paging rate is 27.5%. If 6 reserved bits in DCI format 1_0 with CRC scrambled by P-RNTI are used for sub-group based indication of paging PDSCH decoding, each sub-group has the max. 6 UEs and a sub-group paging rate for 6 UEs is 5.85%. Thus, paging PDSCH decoding efforts can be significantly reduced. Further, this enhancement can be achieved without increasing a signaling overhead.
Observation 3: Sub-grouping of UEs of the same PO in a ‘skip monitoring of paging DCI’ indication channel (e.g. PPS-PDCCH) may degrade detection/decoding performance of the indication channel and/or may require higher power consumption for detection/decoding of the indication channel due to an increased signaling overhead.
Proposal 2: Sub-grouping of UEs of the same PO in a ‘skip monitoring of paging DCI’ indication channel is not supported.
Observation 4: Sub-group based indication from gNB in paging DCI to skip decoding of a paging message is beneficial for UE power saving (e.g. reduction of paging PDSCH decoding rate from 28% to 6%).
Proposal 3: Consider sub-group based indication in paging DCI to skip decoding of a paging PDSCH.
Further, PPS-PDCCH may indicate a UE in an RRC_INACTIVE mode to go to an RRC_IDLE mode implicitly and/or explicitly. For example, the UE may go to the RRC IDLE mode upon receiving an indication to skip monitoring the paging DCI over a number of DRX cycles in PPS-PDCCH. In this way, the RRC_INACTIVE UE can go to RRC_IDLE without having to decode a paging message, saving power that would otherwise be needed for decoding of PDCCH (i.e. paging DCI) and PDSCH (i.e. paging message).  
Proposal 4: Consider switching from RRC_INACTIVE to RRC_IDLE based on PPS-PDCCH without decoding a paging PDSCH.  
Conclusion
In summary, we observe and propose the followings for Rel-17 NR paging enhancement for UE power saving:
· Proposal 1: For sequence-based indication, WUS in MTC/NB-IoT can be considered as reference with possible modification of configuration and resource mapping.
· [bookmark: _GoBack]Observation 1: For a UE with delay-tolerant application, a network can delay paging the UE and accordingly, the UE can skip monitoring paging DCI over a certain number of DRX cycles based on gNB’s indication for power saving. 
· Observation 2: Paging power saving (PPS)-PDCCH monitoring can be configured in a power efficient manner based on implementation and/or based on TRS/CSI-RS provision.
· Observation 3: Sub-grouping of UEs of the same PO in a ‘skip monitoring of paging DCI’ indication channel (e.g. PPS-PDCCH) may degrade detection/decoding performance of the indication channel and/or may require higher power consumption for detection/decoding of the indication channel due to an increased signaling overhead.
· Proposal 2: Sub-grouping of UEs of the same PO in a ‘skip monitoring of paging DCI’ indication channel is not supported.
· Observation 4: Sub-group based indication from gNB in paging DCI to skip decoding of a paging message is beneficial for UE power saving (e.g. reduction of paging PDSCH decoding rate from 28% to 6%).
· Proposal 3: Consider sub-group based indication in paging DCI to skip decoding of a paging PDSCH.
· Proposal 4: Consider switching from RRC_INACTIVE to RRC_IDLE based on PPS-PDCCH without decoding a paging PDSCH.  
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