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Introduction
Rel-17 Power Saving SI [1] includes the following RAN2-led objective:
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]
This paper discusses the key factors impacting power consumption of procedures during paging reception and possible enhancements for them.
Discussion
Paging reception can be briefly summarized in the following few steps:
· UE is assigned to a paging occasion within a paging frame in which it monitors its paging messages. This assignment is based on UE’s ID. Due to limited capacity of paging channel, multiple UEs may be assigned to the same paging channel. 
· If network has data for UE, UE would receive paging DCI and paging message scrambled by P-RNTI. Paging DCI and paging message are always sent in the same slot. 
· There is only one P-RNTI shared by all UEs, which is defined in the specification. Therefore, if two UEs share the same paging occasion but only one of them is paged, then the other UE would waste its power waking up and decoding the paging DCI and paging message. This waste is what the SI objective cited above aims to address.
We can see from the above steps that there are two aspects that can cause waste in UE’s power:
· If there are multiple UEs sharing the same paging occasion, then a UE may unnecessarily decode paging messages intended for other UEs;
· Paging DCI and paging message are sent in the same slot. This implies that even if paging DCI is enhanced to include some type of indication which can tell UE that this paging message is not intended for it, UE has already wakened up its PDSCH decoding circuitry, which consumes at least as much power as PDCCH decoder (if not more). On the other hand, if paging DCI and paging message are scheduled in different slots, then a power-efficient UE implementation can take advantage of that, e.g. it first turns on only a small circuit just to decide paging DCI. Only if the paging message is intended for it, it will turn on PDSCH decoder circuit to decode the paging message. 
Observation 1. Wasted power in paging reception can be attributed to the following two aspects:
· Unnecessary paging reception when UEs share paging occasions;
· Paging DCI and paging messages are scheduled in the same slot.

Based on the above observations, we think the following power saving enhancements should be studied:
Reduce unnecessary paging reception
As mentioned above, in legacy paging procedure, all UEs share a common P-RNTI to monitor paging DCI. If we introduce multiple P-RNTIs and assign them to UEs in an efficient way, then UEs sharing a common paging occasion can use different P-RNTIs to monitor and receive their own paging messages, without unnecessarily decoding others’ messages as they do in legacy. 
Since paging load in different cells can be quite different, the new P-RNTIs can be administrated on a per cell basis. More specifically, gNB may advertise the set of paging P-RNTIs that it uses in its system information. When a Rel-17 UE selects a new cell, it selects a P-RNTI from the set of P-RNTIs advertised by the serving cell. This selection can be based on UE’s ID, according to some rule predefined in the specification. When gNB receives paging notification from network, it uses UE’s ID to determine which P-RNTI UE uses and the paging occasions in which it should page UE. On the other hand, legacy UEs can still use the legacy P-RNTI (0xFFFF) and their paging procedure is not impacted at all by the new P-RNTIs. 
We think this enhancement is simple to implement and very scalable with paging load. In addition, it can easily be applied jointly with other potential enhancements (e.g. PHY based enhancements). Therefore, it should be included in the study.
Proposal 1. Introduce multiple P-RNTIs for Rel-17 UEs.
Rel-17 will introduce new types of UEs such as RedCap sensors and surveillance camera, which can have much higher density than regular UEs when deployed. This means paging load in Rel-17 can be much higher than before. Network may allocate more P-RNTIs to handle the higher load, as suggested above. However, as number of new P-RNTIs becomes higher, network may start feeling the stress in scheduling many DCIs in the same slot. Therefore, additional techniques for reducing unnecessary paging reception may be needed. 
For example, RAN1 may discuss possible enhancements to paging DCIs that allow UEs to tell from the received paging DCI whether it has a paging message or not. Another possibility is to study beam specific paging. Currently, paging DCIs are sent over coreset 0, which means network has to page UE on all its transmitted beams, because UEs could move without informing gNB. Obviously, it is fairly resource expensive to do so. But we notice that some UEs (e.g. several types of RedCap UEs) are stationary and thus their Tx/Rx beam may not change often. In those cases, it is possible for network to page them on a specific beam, instead of on all beams. That would effectively increase the capacity of the paging channel by several factors, because even sub6 cells may have up to 8 beams. 
To implement beam-specific paging, UE may indicate its support for such a feature during registration request or update with AMF. And during this step, gNB learns UE’s preferred DL beam. When it has a paging message, AMF can indicate its support for beam specific paging along with the paging notification to gNB. gNB then pages UE only on its preferred DL beam. When UE detects its preferred DL beam has changed or no long works (e.g. due to blockage of signal), it may trigger a registration update with AMF to either update its DL beam or cancel beam-specific paging.  
Proposal 2. 	Discuss whether additional enhancements, such as beam-specific paging, are needed to further reduce unnecessary paging reception. 
Cross-slot scheduling for paging messages
Even if we introduce enhancements that can allow UE to determine whether a paging message is intended for it or not when it receives a paging DCI, UE still may not be able to save much power if its paging DCI (PDCCH) and paging message (PDSCH) are scheduled in the same slot. This is because typical UE implementation is not capable of switching off its PDSCH decoding circuit within the same slot where it receives the scheduling DCI. Hence UE has to turn on its PDSCH decoder before its paging occasion. 
To take advantage of enhancements such as proposal 1, there needs to be a time gap with sufficient length between paging DCI and paging message, so that UE can keep its PDSCH decoder in sleep state unless it receives an indication that it has a paging message to receive (e.g. a paging DCI addressed to its allocated P-RNTI). In fact, this time gap saves power in the exact same way as how Rel-16 DCP saves UE power in RRC Connected. 
Proposal 3. Apply cross-slot scheduling (i.e. K0>0) for Rel-17 UE’s paging message.   
LTE’s eMT/NB-IoT introduced wakeup signaling for IoT devices in RRC Idle. However, we do not think wakeup signaling is needed for NR if RAN2 can agree to the above two enhancements. This is because in NB-IoT, PDCCH has high repetition levels. Decoding a sequence based wakeup signal consumes UE less power than decoding a DCI with large repetitions. Therefore, as long as Rel-17 does not introduce high repetition levels for PDCCH, we expect decoding a known DCI format would consume comparable level of power as decoding a sequence based wakeup signal. This rids the needs to introduce new sequence based wakeup signaling. 
If Proposal 2 is agreed, then the existing paging DCI essentially serves the same purpose as a PDCCH-based wakeup signal. Hence there is no need to introduce a new PDCCH-based wakeup signal for paging.
Lastly, given that RAN1 has only one-TU per meeting to study and specify multiple design objectives that they have been tasked with, we think introducing a new PHY-layer signal/channel would be very challenging (if not unrealistic) to complete within the limited TUs. Therefore, we do not think study on new sequence- or PDCCH-based wakeup signaling for paging is needed in Rel-17.
Proposal 4. New sequence- or PDCCH-based wakeup signaling for paging is not studied in Rel-17. 
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1. Wasted power in paging reception can be attributed to the following two aspects:
· Unnecessary paging reception when UEs share paging occasions;
· Paging DCI and paging messages are scheduled in the same slot.

Proposal 1. 	Introduce multiple P-RNTIs for Rel-17 UEs.
Proposal 2. 	Discuss whether additional enhancements, such as beam-specific paging, are needed to further reduce unnecessary paging reception. 
Proposal 3. 	Apply cross-slot scheduling (i.e. K0>0) for Rel-17 UE’s paging message.   
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