

Page 1

[bookmark: _Ref452454252]3GPP TSG-RAN WG2 Meeting #116-e	R2-2109453
Online, 1 – 12 November 2021	

Agenda item:	8.9.2.2
Source:	Qualcomm Incorporated
Title:	PEI configurations and monitoring procedures
[bookmark: _Hlk506366071]WID/SID:	NR_UE_pow_sav_enh-Core
Document for:	Discussion and Decision
Introduction 
This paper discusses configuration aspects of PEI based on the latest RAN1 agreements and UE behaviors for monitoring PEI.
Discussion
PEI configuration
In RAN1#106e, the following agreements have been made:
	Agreement
For NR Rel-17, paging indications to UE subgroups are carried only in PEI.

Agreement 
For PEI, a new DCI format is supported to include at least paging indications to UE group(s)/subgroups of the associated PO(s)
· One bit in the DCI payload indicating one UE subgroup of a PO or one UE group/PO
· The maximum number of total bits for paging indication field in PEI DCI format is x 
· One PEI can be configured to indicate up to 4 PO(s) in a PF
· FFS whether to supporting map PEI to 3 POs in a PF
· FFS: 1 PEI for POs across multiple PFs
· FFS: value of x



According to the agreements, one PEI instance can indicate multiple POs. We think this design would help reduce paging load, especially when network needs to page UE(s) across multiple cells. 
We do not think association between PEI and POs needs to be tied to paging frames (PF), as all PFs are regularly spaced in time domain and each PF contains the same number of POs. In addition, allowing the PEI-to-PO association to cross PF boundaries can create more opportunities for a PEI to be located close to a SSB occasion, which helps reduce UE power consumption. 
Proposal 1.	PEIs are directly associated with paging occasions and this association can cross paging frames.
We think it is sufficient that each PO is associated with only one PEI. As PEI transmission is as reliable as legacy paging DCI, no extra redundancy for PEI is needed.
Proposal 2.	Each PO is associated with only one PEI. 
For the same reason that a time gap is required between DCP and DRX on duration, PEI should be configured at least K slots before all of its associated POs. This allows UE to implement two-stage wakeup of its transceivers: use a low power circuit to decode PEI and wake up the rest of circuits only when there is a page to receive. This time gap can be advertised in system information. 
In RRC Idle/Inactive, UE has to wake up at least once per I-DRX/eDRX cycle to perform RRM measurements on the SSBs of its serving cell. This measurement (and the associated wakeup) makes up the baseline of UE’s idle mode power consumption. To maximize power savings, UE should minimize the number of its wakeups. This requirement thus means that each PEI should be placed as close to a SSB as possible, so that UE needs to wake up only once per I-DRX/eDRX cycle. To be more exact, the time location of a PEI should be the first monitoring occasion of paging search space after an SSB. 
Proposal 3.	PEI is transmitted in a monitoring occasion in paging search space which is the closest to its associated POs and satisfies the following additional conditions: 
· it is within the first set of monitor occasion in paging search space after an SSB;
· it is at least T slots before any of the POs associated with the PEI.   
Since the configuration of POs and PFs is cell specific and can vary across cells, so should the configuration of PEIs. 
Proposal 4.	PEI configuration is cell specific.  
PEI monitoring
Like DCP in RRC Connected, PEI should be used just as indication that there is a page. The actual PDCCH and PDSCH part of a page should still be provided by the legacy paging indication (paging DCI). That would give UEs more flexibility and reliability in getting its page, e.g. if UE can’t correctly decode a PEI, it can still go on to decode the paging DCI as it would do in legacy. For the same reason, short messages should still be sent in paging DCI as in legacy, instead of in PEI. PEI only tells UE to wake up. Paging DCI then tells UE whether it needs to receive a page or retrieve a SI update or PWS message.
Proposal 6. 	If PEI is detected, UE expects to receive paging DCI in the associated PO, which contains the scheduling information for paging PDSCH as in legacy. 
Proposal 7. 	PEI does not need to contain short message indication.
In legacy, when UE is not configured with eDRX, it actually follows different periodicities for monitoring short message and paging message. Short messages are sent based on gNB’s default paging cycle. On the other hand, if UE is in RRC Idle, its paging message from core network is always based on its UE-specific DRX cycle. If UE is in RRC Inactive, its paging message from RAN is always based on its RAN paging cycle. Typically, UE-specific DRX cycle and RAN paging cycle are longer than default paging cycle. This difference, together with Proposal 7, can create additional opportunities for power saving.
The difference between short message reception and paging reception is that for short message reception, UE does not need turn on the entire transceiver, because after a short message indication is received, there is always enough time for UE to turn on the rest of its transceiver. So from power consumption point of view, UE does not need PEI to save power for short message reception. Therefore, if UE is not configured with eDRX, it only needs to monitor PEI according to its UE-specific DRX cycle in RRC Idle and RAN paging cycle in RRC Inactive.
On the other hand, if UE is configured with eDRX, there is no difference in the periodicity of short message reception and paging reception. UE should monitor PEI according to its eDRX cycle.
Proposal 8.	If UE is not configured with eDRX, 
· UE monitors PEI according to its UE-specific DRX cycle (if configured) in RRC Idle and its RAN paging cycle in RRC Inactive;
· UE monitors legacy POs for short message according to default paging cycle.
Proposal 9. 	If UE is configured with eDRX, UE monitors PEI according to its eDRX cycle.
In LTE WUS design, WUS was sent only in the last served cell. LET’s WUS was designed mainly for stationary or low mobility UEs. Hence limiting WUS transmission to the last served cell is a good tradeoff between service coverage and paging load. However, the use case for NR PEI can be quite different. Most of NR UEs are smartphones, and this fact is expected to remain the same for at least some time into the future. As smartphone typically are highly mobile, restricting PEI to last served cell basically disables the feature of PEI for smartphones. Moreover, NR has introduced new features that can help reduce paging load and false paging alarms. For instance, one PEI is associated with multiple POs. That helps reduce paging load. And up to 8 paging subgroups can be used to help reduce false paging alarms. 
Therefore, we do not think it is needed to restrict PEI to last served cell. 
Proposal 10. 	UE monitors PEI in any cell where PEI is configured, irrespective of its mobility history.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1.	PEIs are directly associated with paging occasions and this association can cross paging frames.
Proposal 2. 	PEI is transmitted at least T>1 slots before its associated POs. 
Proposal 3. 	PEI is transmitted in a monitoring occasion (MO) in paging search space (SS) which is the closest to its associated POs and satisfies the following additional conditions: 
· it is within the first set of MO in paging SS right after an SSB;
· it is at least T slots before any of the POs associated the PEI.   
Proposal 4. 	If multiple PEIs are configured for a PO, then two adjacent PEIs for the same PO are separate by at least K≥1 SSBs, where K is configured by network.
Proposal 5.	PEI configuration is cell specific.  
Proposal 6. 	If PEI is detected, UE expects to receive paging DCI in the associated PO, which contains the scheduling information for paging PDSCH as in legacy. 
Proposal 7. 	Network sends PEI if there is a short message for UE, but the short message itself is sent in paging DCI as in legacy.
Proposal 8.	If UE is not configured with eDRX, 
· UE monitors PEI according to its UE-specific DRX cycle (if configured) in RRC Idle and its RAN paging cycle in RRC Inactive;
· UE monitors legacy POs for short message according to default paging cycle.
Proposal 9. 	If UE is configured with eDRX, UE monitors PEI according to its eDRX cycle.
Proposal 10. 	UE monitors PEI in any cell where PEI is configured, irrespective of its mobility history.
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