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Introduction
In the online discussion and post-meeting email discussion for RAN2 #111-e, majority companies have the common understanding that power saving for paging reception can be attained by two enhancements:
· Introduce a gap between paging indication and paging message. This indication can be either a new signal/DCI sent before UE’s assigned paging occasion (PO) or the legacy paging DCI (or its enhanced version).
· UE grouping which separates UEs sharing the same PO into different groups for selective paging indication. 
This paper discusses the tradeoffs of different options for the above two enhancements.
Discussion
Paging indication
The motivation to introduce a gap between paging indication and paging message is similar to the one behind wakeup signaling (WUS). In such schemes, UE can first turn on only part of its transceiver which can be power optimized to decode just the paging indication. After UE determines from the paging indication that there is a paging message for it, it then turns on the rest of its transceiver. Otherwise, it skips decoding the paging message (PDSCH part) and goes back to sleep. With this separation of paging indication and paging reception, full potential of power savings is achieved.
So far there are the following four schools of proposals on introducing a gap between paging indication and paging message:
· Introduce a new sequence-based (e.g. similar to the sequence based WUS adopted by NB-IoT) for paging early indication (PEI). This indication, which is sent ahead of its associated PO, indicates whether a UE or a group of UEs in the PO has paging message or not. 
· Introduce a new DCI format for PEI. This new DCI is sent ahead of its associated PO, indicating whether a UE or a group of UEs in the PO has paging message or not. 
· Reuse some existing DCI format(s) for PEI. This is similar to the 2nd proposal above, but the DCI reuse some existing format (e.g. format 2_6). For convenience of discussion, we will refer it as PDCCH-WUS thereafter.
· Cross-slot scheduling for paging message, i.e. we use legacy paging DCI (or an enhanced version of it), it is still sent in UE’s assigned PO, but the corresponding paging message is sent a few slots later.  For convenience of discussion, we will refer it as CSS-P thereafter.
In the following, we analyse the pros and cons of the above four proposals.
New sequence for early indication
Designing a new sequence is a major undertaking which would require significant time and effort in all involved working groups. Since power consumption by regular UEs in RRC Idle/Inactive has only a small impact on UEs’ overall battery life, we do not think its projected benefits well justify the amount of efforts it requires, especially that there are alternative solutions available (see later). Therefore, we do not think introducing a new sequence specifically for the purpose of PEI should be considered in Rel-17.
Proposal 1. New sequence specifically designed for the purpose of paging early indication is not studied in Rel-17.
New DCI for early indication
We have the same concern on studying a new DCI format. Since reusing existing DCI formats work essentially the same way as newly designed DCI format and can offer compatible power savings, we think the latter it should be deprioritized. 
Proposal 2. If PDCCH-based solution(s) for paging early indication is to be studied, leveraging existing DCI format(s) should be prioritized.
PDCCH-WUS vs CSS-P
First, based on our analysis, PDCCH-WUS does not save more power than CSS-P, if UE is not paged.
The legacy paging reception procedure typically includes two steps: UE first wakes up to measure SSB(s) to ensure a good reception of paging DCI, then it monitors its PO for possible paging. How many SSBs to measure before a PO depends on UE’s radio link quality and UE implementation. 
If PDCCH-WUS is used, UE needs SSB measurements (may not be in every paging cycle) before a WUS occasion, in order to receive the WUS properly. Hence PDCCH-based WUS ideally should be sent right after an SSB instance, so that UE needs to wake up only once per PO, if UE is not paged. However, such a configuration is not always possible, due to the limited capacity of initial BWP, etc, especially when there are high number of POs. Therefore, UE has to keep its receiver circuits in shallow sleep between an SSB and WUS, which can span over multiple slots up to the periodicity of SSB (20ms). If UE is not paged, then we can see that the power consumption profile of PDCCH-WUS based procedure is almost the same as that of CSS-PEI: after UE wakes up for SSB measurement, stays in shallow sleep until the target PDCCH monitoring occasion (WUS occasion or PO), monitors PDCCH, then skips the paging reception if it does not get indication for paging.
Observation 1. Sending a DCI-based indication before a PO (PDCCH-WUS) does not save more power than using legacy DCI with cross-slot scheduling (CSS-P), if UE is not paged. 
Second, if UE is paged, it has to decode PDCCH twice, i.e. UE first decodes PDCCH-WUS and then decodes paging DCI. This additional PDCCH monitoring and decoding costs extra power for UE. Unless PDCCH-WUS contains resource allocation for paging message (i.e. it also schedules PDSCH), then UE consumes the same power between PDCCH-WUS and CSS-P. 
Observation 2. UE consumes extra power to receive a page if PDCCH-WUS is used, unless PDCCH-WUS also schedules paging PDSCH.
Third, how to configure PDCCH-WUS occasions in a power efficient manner can be a tricky decision for network, for the following reasons.
If UE is paged, then UE may need extra SSB measurements to be able to decode its paging message (i.e. the PDSCH part), especially if it has poor link quality. Whether this extra measurement or how many extra SSB measurements are needed depends on UE’s link quality and UE implementation. This dependence in turn impacts how the gap between PDCCH-WUS occasion and its associated PO should be configured. For example, if UE has good link quality and no extra SSB measurement is needed before a PO, then WUS occasion should be located close to its associated PO. Otherwise, the gap between WUS and its associated PO should be wide enough to include a few SSB instances.  
Unfortunately, since paging reception is a procedure performed in RRC Idle/Inactive, it is not easy for network to obtain that dependency for each UE. Then the best it can do is to configure the gap between a WUS occasion and its associate PO based on the worst case, i.e. the gap should be wide enough to include at least a few SSBs. However, this configuration choice would require those UEs that do not need extra SSB measurements power cycle twice (i.e. each power cycle = wakeup from deep sleep then shut down). As a result, this extra power cycle can make the PDCCH-WUS based procedure consume more power than the legacy procedure, which takes only one power cycle. 
Observation 3. Further studies are needed on how network may choose a good gap between a PDCCH-WUS and its associated PO that is power efficient for all UEs.      
Lastly, as to impact on standards and implementation, it is clear that CSS-P has less impact on the specs and easier to implement, because there is no extra signaling to specify. 
Observation 4. CSS-P has less spec impact and are easier to implement than PDCCH-WUS.
In summary, CSS-P and PDCCH-WUS have compatible power performance, but CSS-P has less impact on the specifications and are easier to implement than PDCCH-WUS. Therefore, we think studies on CSS-P can be prioritized over PDCCH-WUS.
Proposal 3. Prioritize studies on CSS-P over PDCCH-WUS.
Clarification on multiple P-RNTIs
We found several misunderstandings about our proposal on using multiple P-RNTI for UE grouping [1] in the post-meeting email discussion. The following are some clarifications on them. 
Is multiple P-RNTI not flexible?
This is not true. The range of new P-RNITs can be defined in specifications. But each cell can configure whether it uses new P-RNTI or how many P-RNTIs to configure.
First, this decision can be made by each gNB without involving core network. gNB advertises the number of paging groups for new UEs and their associated P-RNTIs in its system information. R17 UEs then uses a hashing formula defined in the specification to determine which paging group it should belong to. It then uses the P-RNTI associated with its paging group. When AMF sends a paging notification to a gNB, the gNB uses UE’s ID to determine its associated paging group, using the same hashing formula used by the UE. It then uses the P-RNTI associated with that paging group to page UE. 
Second, because this decision is made by gNB itself, gNB can decide how many paging groups (thus how many P-RNTIs to use, based on its paging load. Whenever gNB changes the number of paging groups per PO, it advertises the new configuration in its system information. R17 UEs then change their grouping association and P-RNTI accordingly.
This scheme is much more flexible than other proposed schemes when adapting to paging load, because the maximum number of UE groups in other schemes is fixed and limited by physical-layer constraints (e.g. number of available bits in DCI, or number of sequences that can be multiplexed in a resource). On the other hand, P-RNTI is relatively more abundant, as there are still large number of unused RNTIs.  
Observation 5. UE grouping by multiple P-RNTI is more flexible and can support more UE groups than other schemes. 
Does it have impact on legacy paging?
We do not see new P-RNTIs impact legacy paging. Legacy UEs can still use the legacy P-RNTI, as before. Only new UEs will use new P-RNTIs, if they are configured by network. If a legacy UE and a new UE happen to share the same paging occasion, then network sends separate paging DCIs to them – the paging DCI to the legacy UE is scrambled by the legacy P-RNTI, and the paging DCI to the new UE is scrambled by its new P-RNTI.
There are concerns expressed in the email discussion that such a scheme may create blocking on PDCCH or extra overhead on paging channel when UEs with different P-RNTIs are paged at the same time. We do not think those are significant issues, because
· Paging rate typically is low (e.g. single-digit percent). For example, if there are 5 paging groups and each group has a paging rate of 10%, then the probability that more than one group are paged is 1.7%. This means that the extra overhead is only 1.7%. 
· There is blocking on PDCCH only if each paging DCI uses the maximum aggregation level, e.g. to maximizes the coverage of PDCCH. However, we think blocking is a low-probability event, because of the same argument above applies. In addition, PDSCH always has lower link budget than PDCCH, i.e. if gNB has to use maximum aggregation level to send a DCI to a UE, the UE will not be able to receive paging message any way. 
Observation 6.  Having multiple P-RNTIs only creates very low blocking or overhead on paging channel. 
If an operator is still concerned with the above issues, there are ways to avoid or minimize it. For example, 
· Assign each paging group, as well as each possible combination of those N groups, its own P-RNTI. Therefore, network needs to send at most one paging DCI when any set of UEs are paged. And the number of P-RNTIs that each UE needs to monitor is N. With this configuration, network sends at most two paging DCIs in a PO. That happens only when legacy UEs and new UEs are paged at the same time.
· If that is still a concern and network only wants to send at most one paging DCI in a PO, then new UEs can be configured to monitor both its new P-RNTIs and the legacy P-RNIT. When a new UE receives a paging DCI scrambled by the legacy P-RNTI, it also wakes up for the page. This eliminates the need to send an additional paging DCI when both legacy and new UEs are paged. Hence network needs to send at most one paging DCI in a PO, regardless of whether or how many legacy and/or new UEs are paged. 
Observation 7. If necessary, network can configure P-RNTIs and UE behavior such that at most one paging DCI is sent even if multiple legacy and/or new UEs in the same PO are paged.
Based on the above analysis, we propose that
Proposal 4. Using multiple P-RNTIs is considered for UE grouping.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1. 	New sequence specifically designed for the purpose of paging early indication is not studied in Rel-17.
Proposal 2. 	If PDCCH-based solution(s) for paging early indication is to be studied, leveraging existing DCI format(s) should be prioritized.
Observation 1. Sending a DCI-based indication before a PO (PDCCH-WUS) does not save more power than using legacy DCI with cross-slot scheduling (CSS-P), if UE is not paged. 
Observation 2. UE consumes extra power to receive a page if PDCCH-WUS is used, unless PDCCH-WUS also schedules paging PDSCH.
Observation 3. Further studies are needed on how network may choose a good gap between a PDCCH-WUS and its associated PO that is power efficient for all UEs.      
Observation 4. CSS-P has less spec impact and are easier to implement than PDCCH-WUS.
Proposal 3. 	Prioritize studies on CSS-P over PDCCH-WUS.
Observation 5. UE grouping by multiple P-RNTI is more flexible and can support more UE groups than other schemes. 
Observation 6. Having multiple P-RNTIs only creates very low blocking or overhead on paging channel. 
Observation 7. If necessary, network can configure P-RNTIs and UE behavior such that at most one paging DCI is sent even if multiple legacy and/or new UEs in the same PO are paged.
Proposal 4. 	Using multiple P-RNTIs is considered for UE grouping.
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