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In previous meeting, we discussed the paging enhancement(s) objective in the RAN2-led WI of UE power saving enhancements in NR [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


We then have post-meeting email discussion [2]. In this contribution, we discuss more details about paging enhancements and propose way forward for this topic.
Discussion
Potential paging enhancements
1.1.1 Candidates for paging enhancements
In the email discussion [2], companies mentioned various kinds of paging enhancement methods. The methods with significant support includes:  
a) UE grouping in Paging DCI
b) Paging Early Indication (PEI), can be applied to UE subgroups
c) Cross-slot Scheduling (CSS), can be applied to UE subgroups
The baseline paging method and candidates for paging enhancements are illustrated in Table 1.
Table 1.	Paging in NR: baseline and candidates for enhancements
	Baseline
[image: ]
	Enhancement#1: UE grouping in Paging DCI[image: ]

	Enhancement#2: Paging Early Indication (PEI) [image: ]
	Enhancement#3: UE-Group PEI (GPEI) [image: ]

	Enhancement#4: Cross-slot Scheduling (CSS) [image: ]
	Enhancement#5: UE-Group CCS (GCCS)[image: ]



Baseline
· UE decodes paging PDCCH, then if any UE among those monitoring the same PO is paged, UE decodes paging PDSCH.
· To ensure good synchronization for paging PDCCH and PDSCH decode, UE may need to monitor multiple SSB bursts before the PO. The number of SSB bursts (NSSB) depend on channel conditions.
Enhancement#1: UE grouping in Paging DCI (GDCI)
· Paging PDCCH indicates whether a sub-group of UEs needs to receive paging PDCSH.
· The indication may be done by using spare bits in the DCI.
· Reduces the probability of paging PDSCH processing of each UE.
· In practice, UE always receives paging PDCCH and PDSCH in the same slot. UE skips PDCSH decoding if no one in its sub-group is paged.
Enhancement#2: Paging Early Indication (PEI)
· An additional signal/channel before PO, indicating whether UEs need to monitor PO. If UE sees negative indication, it skips PO monitoring.
· If PEI decoding requires less SSB burst monitoring beforehand than paging PDSCH decoding, when PEI indicates that no UE is paged, UE may save power not only for PO monitoring, but also for synchronization steps. This is possible with proper PEI design, e.g. PEI may carry denser reference signals, or PEI itself may serve as synchronization signal. 
Enhancement#3: UE-Group PEI (GPEI)
· Multiple PEIs are transmitted for multiple UE subgroups, and each PEI indicates whether the corresponding sub-group of UEs need to monitor PO.
Enhancement#4: Cross-Slot Scheduling (CSS)
· Paging DCI transmitted in an earlier slot.
· Legacy (same-slot) paging DCI is still needed for legacy UEs monitoring the same PO.
· Currently idle/inactive UEs do not support CSS.
· Current CSS cannot be too early (at most 32 slots in advance), and thus may not be able to save SSB monitoring for synchronization.
Enhancement#5: UE-Group CSS (GCSS)
· Use extra bits in CSS DCI, and each bit indicates whether the corresponding sub-group of UEs need to monitor PO.
Notice that there are also other proposals, e.g., paging for UE subgrouping using multiple P-RNTIs, mentioned in the email discussion. However, these methods get fewer support and are expected to be de-prioritized. Therefore they are not discussed in this contribution.
1.1.2 Power saving gain
PEI indicates if any UE in a group of UEs (i.e. UEs monitoring the same PO according to PF/PO formula) is paged. The grouping paging rate is modeled as a function of individual UE paging rate and number of UEs monitoring the same PO: 
Group paging rate = 1 - (1 - UE paging rate)#UE.
We consider individual UE paging rate of 1%, and then group paging rate ~10% when 10 UEs are in the same group, and ~40% when 50 UEs are in the same group. To evaluate the benefit of a power saving enhancement, we define the power saving gain as a function of power consumption with enhancements, Penh, and the baseline Pbase:

Figure 1 shows our power saving gain analysis for the enhancements listed in the previous section. The calculation is based on the model provided in RAN1 LS [2]. We assume that for low-SINR case, UE needs to monitor 3 SSB bursts before PO (i.e. NSSB=3), and for high SINR case, NSSB=1. When UE grouping is applied, we assume that UEs monitoring the same PO are divided into 2 subgroups. 
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Figure 1.	Power saving gain with different enhancements
From the numbers above, we have the following observations:
· With GDCI (i.e. “pure” grouping) method, power saving gain is very limited.
· For PEI and CSS methods, higher power saving gain is achieved for lower group paging rate.
· With PEI method, at 10% group paging rate, around one-fourth of power consumption can be saved in low SINR case; in high SINR case the gain is lowers but still above 15%. With a higher group paging rate, less power can be saved, but PEI can still achieve at least 10% power saving gain.
· With CSS method, around 5% to 8% power can be save in low SINR case. But we see no power saving in high SINR case, and this is because the required UE wake-up is the same as baseline. 
· When combined with UE grouping, power saving gain is improved for both PEI and CSS methods, especially when the (original) UE group paging rate is higher. 
Observation 1:	UE grouping with paging DCI brings limited power saving gain.
Observation 2:	PEI brings significant power saving gain, especially for low SINR UEs. 
Observation 3:	CSS brings some power saving gain for low SINR UEs, but not for high SINR UEs.
Observation 4:	When combined with UE grouping, power saving gain is improved for both PEI and CSS methods, especially when the (original) UE group paging rate is higher.
Notice that the reason for power saving with PEI or CSS is different from that for wake-up signal (WUS) introduced for NB-IOT in Rel-15. In NB-IOT studies, we observed that WUS achieved meaningful power saving only for UEs in deep coverage. This is because if UE does not detect WUS, it can save the power for decoding PDCCH transmitted with a large number of repetitions for deep coverage. In contrast, the power saving gain by the PEI in NR results from saving SSB monitoring and power state transitions, which is a specific problem for systems with ultra-lean design (i.e. reference signal is only available in some sub-frames, so as to reduce inter-cell interference). The PEI serves as an early indication for paging, but it does not “wake up” the UE in NR.
1.1.3 Way forward: Early indication before PO
From numerical analysis, we realize that the power saving gain of “pure” UE grouping (i.e. indication for UE subgroups in paging DCI) is very limited. In contrast, the two methods of PEI and CCS, both involves some kind of “early indication”, help UE save more power. The reason is, if UE knows in advance that no UE in its (sub-) group is paged, it can skip reception of the whole PO, and if the indication comes early enough, UE may also skip some SSB burst monitoring for synchronization purpose.
The major difference between PEI and CSS DCI is that PEI only indicates whether a subgroup of UEs is paged, while CSS DCI also indicates the time-frequency resources of paging PDSCH. Since there are legacy UEs monitoring the same PO, there must be a DCI right before the paging PDSCH. This not only wastes the radio resources, but also requires the network to ensure that the scheduling is the same in the “early” and “late” DCIs.
With existing mechanism, non-zero values for K0 are not possible for UEs in Idle/Inactive mode. Thus, we cannot simply “reuse” cross-slot scheduling mechanism for paging reception. There are specification impacts, and this also impacts paging reception for legacy UE. Moreover, even with largest K0 (32 slots), DCI is still relatively close to PO, and UE is unable to skip pre-synchronization steps.
To make progress on this topic, we suggest that RAN2 agree to have early indication before PO for power saving purpose. Then we can ask RAN1 to discuss detailed design, including but not limited to the following topics:
· Format of early indication, e.g., sequence structure, modified or new DCI format, and reference signal embedded in the indication. 
· Whether to carry scheduling information in the early indication.
· Paging indication for UE subgroups, if UE grouping is applied.
Observation 5:	RAN1 involvement is needed if we introduce any kind of early indication before PO.
Proposal 1:	Early indication before PO is considered as a kind of paging enhancements for Idle/Inactive-mode UE power saving in NR. 
Proposal 2:	Inform RAN1 of RAN2 decision about early indication, and ask RAN1 to discuss further details.
UE grouping methods
In email discussion, most companies agree that UE grouping is considered as a kind of paging enhancement for NR UE power saving, and UE grouping based on UE_ID is considered as baseline. From our experience of the UE Group Wake-Up Signal (GWUS) design for NB-IOT, however, we know that UE_ID may not be the best way to group UEs, since it may mix UEs with different paging probabilities, and thus the “false alarm” rate is high, i.e., frequently a UE need to read paging message because another UE in the same subgroup is paged. 
In addition to the UE_ID based method, UE grouping methods mentioned in [2] include (1) paging probability information, (2) UE mobility, (3) the releases UE supports, and (4) UE power consumption profile.
Paging probability information
This method is effective for IoT where paging probabilities are quite different for different device types (e.g. sensors, meters, etc.). In NR, each UE is expected to have different kinds of applications, and it is hard to estimate the paging probability. Perhaps paging probability information is useful if RedCap UEs are considered, and we can discuss this method later once we know more about whether/how our conclusions in this WI are applied to RedCap UEs.
UE mobility
Mobility state estimation may not be very precise. Also, UE feedback of its mobility becomes signaling overhead. Therefore, we do not prefer UE grouping based on mobility. 
The release(s) UE supports
If some kind of new signal (e.g. PEI) for paging enhancement is introduced to R-17 UEs, it is reasonable to distinguish between legacy UEs and UEs supporting paging enhancements. For example, network sends negative indication even if a legacy UE in the group (of UEs monitoring the same PO) is paged, as long as no R-17 UE supporting PEI is paged. 
UE power consumption profile
UEs may have different power consumption profiles. For example, some UEs prefer power saving at the cost of potential paging delay, while others cannot tolerate delayed paging message but are also less sensitive to power consumption. We believe that this is an “on/off” question rather than a UE grouping problem. In other words, we should allow UE to indicate (e.g. using UE assistance information) whether it prefers R-17 paging enhancements for power saving purpose.
Based on the above discussions, we have the following proposals about UE grouping in addition to UE_ID based method:
Proposal 3:	UE grouping based on paging probability information can be discussed once we know more about whether/how our conclusions in this WI are applied to RedCap UEs.
Proposal 4:	The agreed paging enhancement mechanism should be able to distinguish between legacy UEs and Rel-17 UEs.
Proposal 5:	Allow UE to indicate (e.g. using UE assistance information) whether it prefers R-17 paging enhancements for power saving purpose.
Conclusion
This contribution discussed the paging enhancements for UE power saving in NR. We have the following observations:
Observation 1:	UE grouping with paging DCI brings limited power saving gain.
Observation 2:	PEI brings significant power saving gain, especially for low SINR UEs. 
Observation 3:	CSS brings some power saving gain for low SINR UEs, but not for high SINR UEs.
Observation 4:	When combined with UE grouping, power saving gain is improved for both PEI and CSS methods, especially when the (original) UE group paging rate is higher.
Observation 5:	RAN1 involvement is needed if we introduce any kind of early indication before PO.

It is proposed to discuss and decide on the following proposals:
Proposal 1:	Early indication before PO is considered as a kind of paging enhancements for Idle/Inactive-mode UE power saving in NR. 
Proposal 2:	Inform RAN1 of RAN2 decision about early indication, and ask RAN1 to discuss further details.
 Proposal 3:	UE grouping based on paging probability information can be discussed once we know more about whether/how our conclusions in this WI are applied to RedCap UEs.
Proposal 4:	The agreed paging enhancement mechanism should be able to distinguish between legacy UEs and Rel-17 UEs.
Proposal 5:	Allow UE to indicate (e.g. using UE assistance information) whether it prefers R-17 paging enhancements for power saving purpose.
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