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Introduction
[bookmark: _Hlk510705081]The release 17 work item on UE power saving enhancements [1] includes the following 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]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting

At the RAN1 #103-e it was agreed that: 
	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



At the RAN1 #104e a number of agreements was made related to carrying UE subgroups information in physical layer design and various evaluation assumptions for EPI monitoring behaviour, EPI coexistence, resource overhead and link level evaluation. 
In this contribution we provide our view on the issues. 
Assumptions for Early Paging Indication evaluation
In this contribution we provide results on early paging indication and subgrouping based on our previous contribution [7]. Specifically, we compare EPI enhancements based on DCI, TRS, and SSS with the Release 15 baseline. For detailed evaluation assumptions and power modelling refer to [7].
[bookmark: _Ref53996517]The results are provided for low, medium, and high SINR UEs, which receive 3, 2, and 1 SSB bursts prior to monitor the paging occasion, respectively. Furthermore, it is assumed that the s-measure based relaxation is applied by the high SINR UE, such that the UE does not perform intra- and inter-frequency neighbour cell measurements. The DCI-based EPI is assumed to be multiplexed with the first SSB burst and has a duration of 3/2/1 slots for low/medium/high SINR scenarios. The processing timeline is illustrated in Figure 1.[image: ]
[bookmark: _Ref67042299]Figure 1 Processing timeline for DCI-based EPI in low SINR. UE is paged.
The TRS-based EPI may enable the UE to reduce the number of SSB bursts it decodes prior to paging monitoring, because the TRS facilitates, at least partially, the time-frequency synchronization. We assume the UE can receive 2 TRS per slot and that TRS-based EPI is signalled in 8/4/2 slots for low/medium/high SINR UEs. We evaluate two options where the UE either receives 1 SSB burst + TRS or TRS only. Independently of those schemes, low and medium SINR UEs cannot avoid performing intra-frequency measurements. The processing timeline is illustrated in Figure 2.
[bookmark: _Ref53995915][image: ]
[bookmark: _Ref61851551]Figure 2 Processing timeline for TRS-based EPI when an SSB is received prior to the EPI in low SINR. UE is paged.
For the SSS-based EPI we assume a single symbol is used for SSS per beam and thus 8 symbols in total for our 8 beams scenario. We assume the 8 SSS symbols are allocated within the same slot, but that they cannot be co-located with the SSB burst and therefore the SSS follows right after the SSB. The processing timeline is illustrated in Figure 3 .
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[bookmark: _Ref61852398]Figure 3 Processing timeline for SSS-based EPI in low SINR. UE is paged.
Evaluation results
Figure 4 provides the evaluation result for the DCI, TRS and SSS-based EPI schemes without subgrouping. The energy savings relative to the Release 15 baseline (per SINR scenario) are 29 % -32 % for low SINR UE, 21 % - 25 % for medium SINR UE, and 16-21 % for high SINR UE, when a group paging rate of 10 % is defined. The DCI-based EPI provides slightly higher energy saving potential than the SSS-based EPI and the TRS-based EPI for low and medium SINR UEs. For high SINR UEs the TRS-based EPI scheme, where the UE does not receive any SSB bursts, provides 3 %-points better energy saving than the DCI-based EPI. However, if the UE needs to receive the SSB burst, the TRS-based EPI scheme consumes 1 %-points more energy than the DCI-based EPI.
Observation: DCI-based EPI consistently provides the highest energy saving potential for low/medium/high SINR UEs as compared to SSS- and TRS-based EPI.
[bookmark: _Ref53997712][image: ]
Figure 4 Evaluation results. Group paging rate of 10 %, with 1 sub-group.
In RAN1#104e, RAN1 sent LS to RAN2 regarding the paging enhancements, informing that sub-grouping information is considered in PHY design [8]. Evaluations results for the potential of subgrouping using the DCI-based EPI scheme with {2,4,8,16} with group paging rates of {10%, 20%, 30%, 40%} are summarized in Table 1. At low SINR and 40 % paging rate, 16 sub-groups save an additional 10 % versus 2 sub-groups and 5 % versus 4 sub-groups, however for all other scenarios the advantage of using more than 4-8 sub-groups is limited.
Observation: DCI-based EPI with 4-8 sub-groups provide reasonable energy saving gain compared to DCI-based EPI without groups, while larger number of sub-groups (16) only marginally improve the energy saving potential.
[bookmark: _Ref67042798]Table 1 Energy saving gain vs DCI-based EPI without subgrouping. All numbers in %.
	
	#Subgroups\Group paging rate
	10 %
	20 %
	30 %
	40 %

	Low SINR
	2
	3.1
	5.8
	8.2
	10.3

	
	3
	4.1
	7.7
	10.9
	13.8

	
	4
	4.6
	8.6
	12.3
	15.5

	
	8
	5.4
	10.1
	14.3
	18.1

	
	16
	5.7
	10.8
	15.3
	19.4

	Medium SINR
	2
	2.1
	4.0
	5.7
	7.3

	
	3
	2.8
	5.3
	7.6
	9.8

	
	4
	3.1
	5.9
	8.6
	11.0

	
	8
	3.6
	6.9
	10.0
	12.9

	
	16
	3.9
	7.4
	10.7
	13.8

	High SINR
	2
	1.3
	2.6
	3.7
	4.9

	
	3
	1.8
	3.4
	5.0
	6.5

	
	4
	2.0
	3.8
	5.6
	7.3

	
	8
	2.3
	4.5
	6.6
	8.5

	
	16
	2.5
	4.8
	7.0
	9.1



In RAN2 meetings there has been discussion about the merits of sub-grouping, considerations for different mechanisms for assigning the UEs to sub-groups have been discussed, e.g. UE_ID based, paging probability based, power consumption profile based, NW assignment based etc. The purpose of the deterministic sub-grouping, i.e. assigning UE to a selected sub-group, is to minimize the false-alarm probability (unnecessary paging wake-ups) to optimize the energy consumption. In the following, we provide an overview of how the group paging rate impacts the UE energy consumption in order to evaluate the gain that can be attained by assigning UE to ‘optimal’ sub-group. Table 2 compares the energy consumption for different group paging rates of 0.1 %, 1 % and 5 % with the baseline of 10 %. 
[bookmark: _Ref67043973]Table 2 Energy consumption for DCI-based EPI relative to 10 % group paging rate. All numbers in %.
	Group paging rate
	Low SINR
	Medium SINR
	High SINR

	5 %
	96.9
	97.9
	98.7

	1 % 
	94.5
	96.3
	97.6

	0.1 %
	94.0
	95.9
	97.4



The results show that the additional energy saving that can be achieved via assigning UE to special sub-groups, to obtain a lower false alarm rate, are in range of 1.3 % - 6 % compared to the 10 % group paging rate reference case. As demonstrated in Table 1 similar level of power saving can be obtained through ‘random’ grouping, where UE’s are distributed to the sub-group for example based on UE ID, when sufficient number of sub-groups are used. Assuming {8,16} groups can attain the same level of gain as deterministic sub-grouping.
Observation: Supporting sufficient number of sub-groups enables to obtain comparable power saving gains with random subgrouping as with deterministic sub-group assignment.
RAN2 sent a reply LS to RAN1, in [10] regarding the sub-grouping. Based on their LS RAN2 has adopted network controlled UE sub-grouping as well as UE-ID based sub-grouping. Therefore it is evident that RAN1 early paging indication design needs to enable sub-grouping considering both network controlled and UE-ID based. 
Observation: Based on RAN2 feedback RAN1 PEI design needs to support sub-grouping, considering both network controlled grouping and UE-ID based grouping.
RAN2 also provided feedback to the preferred number of sub-groups, at least 8, while noting that the final number needed would depended on which and how many UE characteristics above network controlled subgrouping will support. 
Observation: Based on RAN2 feedback the maximum number of supported sub-groups needs to be at least 8.
It could be envisioned that RedCap UEs could be split to few different groups e.g. based on the anticipated paging rate based on the subscription type. For eMBB devices it may not be so straight forward to define expected paging ratio (may vary depending on the active application profile), thus the network controlled grouping may not be effectively applicable. For these kind of devices, supporting sufficient number of groups and UE-ID based (random) sub-grouping can be used to limit the power consumption. Hence it would seem necessary that there would need to be a method to distinguish certain UEs (e.g. RedCap) groups based on network configuration, separately for eMBB devices. In this context it would be good also to consider supporting sufficient number of groups to enable effective grouping for power saving perspective based on random, UE ID based, grouping. 
Proposal: The EPI design supports at least 8 sub-groups per PO as suggested by RAN2. Actual number used should be configurable by network.
EPI design
In last RAN1 meeting it was agreed to support early paging indication mechanism. It was left for further discussion which signal or channel would be used for delivering the indication and the detailed desing. In this section we consider these aspects. Three different candidates were proposed for EPI;
· PDCCH /DCI
· TRS
· SSS
Firstly when considering these options we consider the feasibility of multiplexing the EPI signal with CONNECTED mode users and also the overhead. 
Overhead and multiplexing with CONNECTED mode UEs
In RAN1#104e the definition of overhead was discussed. In short it can be summarised that the debate was whether the overhead of EPI should be understood as resources used by the particular EPI design, or whether the resources actually reserved are to be accounted. In the following we consider the resource reservation from system perspective. I.e. we are only interested how the particular EPI design affects the system operation in a case when other users are present in the system and if the given EPI design results in restrictions to the scheduling. So assuming that the probability of paging/need to transmit EPI is common for all considered designs, the probability of connected mode traffic and EPI collisions can also be assumed to be common. The exact probability of this collision event is irrelevant, as from system perspective it is important to consider the case when this collision happens. When there is no collision between EPI and other channels/signals, the resource use of the EPI would exist in isolation, thus there is no impact to the system resource reservation.
Thus, considering PDCCH/DCI based EPI design, it is evident that multiplexing of the PDCCH-EPI can be done in a straight forward manner with existing mechanisms without any need for special handling. The resource reservation in CORESET will of course affect to the PDCCH capacity, depending on the used aggregation level (e.g. AL8 576 RE’s). In terms of multiplexing, PDCCH/CORESET multiplexing is also accounted in SS/PBCH block symbol domain patterns. In principle the required resource overhead wont depend on the sub-grouping, or number of sub-groups configured, as long as the total payload is kept e.g. in order of 20bits. 
TRS-based EPI could also be multiplexed with CONNECTED mode UE/PDSCH with the use of aperiodic ZP-CSI-RS resource set that are triggered with DCI. UEs would need to be configured with a corresponding ZP-CSI-RS pattern, where the number of the ZP-CSI-RS resource sets is limited to 3 per BWP, resulting in an upper bound for all ZP-CSI-RS use cases. The TRS configuration requires that the symbols containing CSI-RS are present in pairs, separated by 4 symbols e.g. Î{2,6} or {3,7} in one or two slots. Single TRS-EPI would require 3 REs per PRB, where the number of PRBs would depend on the initial BWP BW, e.g. assuming 24PRBs would result in 144 REs per slot. The total resource reservation would depend on the detailed design, e.g. how many different sequence IDs can be used to carry information in single TRS resource set, and how many different TRS resource sets is needed to meet the desired information payload. The reserved/used resources would of course affect PDSCH capacity. Due to the defined symbol allocations, the multiplexing of the TRS-EPI to slots where SSB is present could be somewhat restricted (assuming that the SSB is within the initial BWP). Note that if the number of simultaneous TRS resource sets (in a slot/BWP) is increased beyond 3, dynamic rate-matching resources would need to be used increasing the resource reservation. 
SSS-based EPI multiplexing would require a similar approach as assumed for TRS-EPI. The multiplexing with PDSCH could be achieved through the use of dynamic rate-matching resource (e.g. rateMatchPatternGroup1/2) triggered by DCI. SSS sequence is 127 RE’s long, but as dynamic rate matching is done at PRB level, thus 11 PRBs would need to be reserved. The total resource reservation would be 132 RE’s per symbol per slot. It is good to note that the support of dynamic rate matching is pending on UE capability #5-27 (rateMatchingResrcSetDynamic), thus some further restrictions may apply in practise as all Connected mode UEs do not necessarily support it. 
Observation: PDCCH-based EPI multiplexing with Connected Mode UEs is most straight forward, while with different mechanisms multiplexing of TRS-EPI and SSS-EPI with Connected mode UEs can be achieved. PDCCH-EPI would affect PDCCH capacity, while TRS- and SSS-EPI would impact to the PDSCH capacity. Resource reservation for TRS and SSS-based EPI would depend on the number of sub-groups supported per single SSS-sequence or TRS resource set. 
When considering the different EPI designs, it is also good to consider operation in multi-beam/cell environment. In multi-cell environment, where the cell-edge UEs may hear multiple cells, there is a risk that the EPI location of serving/camped cell collides with the neighbouring cell EPI/signal/channel. In PDCCH based design, distinction between cells is enabled by applying PHY Cell ID based scrambling or to pseudo-random sequence generator initialization. If not handled properly for sequence based designs, this may create risk of missed/false alarm in case of sequence detection. Hence, for TRS- and SSS-based designs, there would need to be sufficient sequence ID space reserved or possibly additional parameter added to ensure sufficiently low collision probability between the sequences used in different cells, so that cell planning design is not complicated. Frequency and time domain allocation could  also be considered to ensure the orthogonality for synchronous deployments, but for asynchronous deployment it is not possible to rely on time domain only. Especially for SSS-based design, in asynchronous deployments where the SSB periodicity is 5ms, it would be necessary to apply different frequency allocation separation between cells. I.e. SSS-PEI could not share the frequency allocation with SSS.    
Observation: In TRS- and SSS-based EPI design sufficient sequence space would need to be reserved to avoid collisions between neighbouring cells. In asynchronous deployments, only frequency domain and sequence domain would needed to be used ensure the orthogonality. 

Other aspects for EPI candidates
Considering the evaluations presented in previous section, it would be preferable if the EPI design would support information payload for at least 8 sub-groups (used number to be configured by network), and possibly also option to address more than one PO. Taking the 8 sub-groups as a reference point, 8 bits would be needed in DCI based EPI, and for SSS or TRS based (2^8) 256 individual sequence IDs would be needed, for similar, full, flexibility to address the sub-groups. This would increase amount of overhead considered if single TRS resource set does not support full amount of IDs. Also for SSS-sequence based some consideration might be needed. The UE detector complexity could also start to play a role especially for the TRS based EPI as UE would need to monitor for 128 options (in sequence and or time). Depending on the final design, further payload may need to be supported, e.g. potential TRS occasion presence/availability indication. From this perspective PDCCH-EPI would provide most flexible design.
Observation: PDCCH based EPI offers the best flexibility in terms of information payload support.
In terms of specification effort the PDCCH-EPI would appear to provide most straight forward design, through a new DCI format. For SSS and especially for TRS-based EPI, the sequence selection/mapping would need to be defined to support the information payload. In terms of forward compatibility the PDCCH-EPI would offer best extendibility in a backward compatible manner. For all considered EPI designs the monitoring occasions would need to be determined. For PDCCH-based EPI this could be considered to be achieved via SS set configuration, and for TRS/SSS based schemes the monitoring slots/symbols would need to be determined. 
Observation: In terms of specification RAN1 effort different EPI designs are somewhat comparable, while PDCCH based design would be most straight forward.
In terms of other aspects, TRS-EPI could offer the benefit in terms of synchronisation performance, enabling UEs to use the EPI for synchronisation. However, this would require introducing a blind detection functionality for TRS, for several candidate sequences if sub-grouping is supported. In addition, as discussed in context of TRS/CSI-RS occasions for IDLE/Inactive mode UEs, with Behv-A the TRS- EPI would only be present when paging message is to be delivered, thus UEs would not be able to rely on this for general synchronisation, and most likely would need to acquire SSBs in most cases. If Behv-B is assumed, the TRS-EPI could not be assumed to be present prior to paging, and hence UE would need to always acquire SSBs for pre-synchronisation for paging. SSS-based EPI, could provide simplest receiver design, assuming that standard SSS sequence design can be re-used. It would also appear possible to support PDCCH-EPI with the existing receiver. TRS-EPI could require some changes to detector/receiver depending on the detailed design for the number of sub-groups etc. PDCCH-based would offer lowest false alarm rate for the EPI detection. 
For TRS there are currently no performance requirements for detection, only for measurement accuracy. Hence for TRS based EPI there would be a need to introduce new performance requirements in RAN4 to cover the missed detection requirements for TRS. For SSS based EPI, existing cell detection requirements are based on joint detection accounting PSS and SSS, thus there may be also need to consider new requirements, but for PDCCH based EPI, existing PDCCH requirements could be re-used as they are used for paging.
Observation: For TRS-EPI and SSS-EPI some receiver changes may be needed, depending on the final EPI design. Use of TRS-EPI for time/frequency synchronisation for paging reception or in general would not be feasible in all cases and in all behaviours.
Observation: For TRS-EPI there would be a need for new performance requirements for missed detection. For SSS-EPI new requirements maybe needed as current cell detection requirements cover joint detection of PSS and SSS. For PDCCH-EPI existing requirements can be re-used, similarly as for paging.
Considering the aforementioned factors, it is proposed that the EPI design is based on PDCCH/DCI.
Proposal: Base the EPI design on PDCCH/DCI.
EPI monitoring behaviour
As part of the link level evaluation assumptions, two different behaviours, Behv-A and Behv-B, were considered:
	Agreements:
For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, the following are assumed:
· Behv-A:  
· PEI indicates UE should monitor a PO if UE’s group/subgroup is paged
· UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
· Behv-B:  
· PEI indicates whether or not UE should monitor a PO 
· UE is required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO




In context of Rel-16 PDCCH monitoring indication, similar behaviour was considered (i.e. via ‘ps-Wakeup’). When considering these two alternative behaviours, in terms of EPI operation outside the evaluation, they offer different merits/drawbacks.
When considering from system overhead perspective, Behv-A is more ‘overhead friendly’ in the sense that it would not require EPI to be transmitted only when paging is sent. Hence, in most practical scenarios where the probability of paging is reasonable, the Behv-A would be most feasible from system operation perspective, and thereby should be at least supported. 
Observation: Behv-A should be assumed as a baseline operation for EPI.
Considering Behv-B, where EPI is sent at least when UE is not paged, it is evident that with Behv-B results higher system overhead, at least if the intent is to enable UE power saving (not transmitting EPI results in no power saving). If sub-grouping is used, network needs to send the EPI in practise always, to avoid false alarms (for non paged UEs). In case of high priority traffic collision the EPI transmission could of course be skipped, but this would of course mean that in worst case all the UE’s associated with the said EPI would experience false alarm. On the other hand, probability of miss detecting DTX->EPI should be low for all designs, thus this behaviour offers some increased reliability for triggering UE to monitor the paging. Of course it could be considered that if network e.g. configures only a single PO to a cell, with UEs split to multiple sub-groups, the probability of transmitting paging in the given cell would become relatively high, thus the ‘overhead’ cost difference between Behv-A and Behv-B might not be large.
Hence as noted, from system operation perspective, supporting UE behaviour based on Behv-A should be the baseline, but it could be considered to support also Behv-B. Which behaviour to apply could be configured by network based on scenario.
Proposal: Enable support of both Behv-A and Behv-B based on network configuration. Details would be for RAN2.

 
EPI configuration
EPI configuration is strongly associated with the paging configuration, with some differences. In this section we consider some aspects related to the EPI configuration.
In terms of paging, the network has freedom to decide in whether it sends a paging message on all cells of a tracking area and whether it sends the paging all beams of a cell. I.e. it can be envisioned that network based on some apriori information can do a selection/limitation for the paged area. Therefore, similar flexibility should be allowed, i.e. the network is also expected to have freedom in terms of transmitting EPI. Of course, if EPI is configured, e.g. assuming Behv-A, UE is not expected to monitor paging unless EPI is sent.
Proposal: Network flexibility to choose in which cells/beams paging is sent, should be maintained and applied also to EPI. 
Paging configuration applies to all beams associated to actually transmitted SSBs, i.e. it is assumed that there is paging monitoring occasion defined corresponding to each actually transmitted SSB. While similar approach could be taken for EPI, i.e. assume that EPI, if configured, is always configured to all the same beams as paging. However, as EPI increases the overhead, especially if Behv-B is assumed, it may not be desirable to provide EPI for all ‘broadcast beams’. EPI presence results in additional signalling overhead and this may be critical for deployments using many beams (e.g. a 64 beam FR2 deployment.). For example, network could choose to apply EPI only for such beams, where the expected signal quality distribution is the worst, and most power saving benefit could be obtained, while not configuring PEI for ‘beams’ where the expected signal quality is high to alleviate the overhead.
Proposal: Network should be able to configure the EPI to only sub-set of SSB/‘broadcast’ beams.
Depending on the number of RRC Idle/Inactive UEs, the network may utilize more than one Paging Occasion (PO) per Paging Frame (PF). If the EPI is PO-specific the network will have to send as many individual EPIs as there are POs in a paging frame. This will increase the EPI overhead and therefore it may be good for RAN1 to consider whether the EPI shall be PF-specific i.e. allow it to address multiple POs within a PF. In case of extreme paging and PDCCH load, the EPI could even address multiple PFs. 
Proposal: A single EPI should be able to address multiple POs to reduce EPI (PDCCH) indication overhead.
PDCCH-EPI configuration
The detailed design for paging monitoring based on dedicated search space configuration was done by RAN2, and this could be also followed in EPI monitoring, but in this section we discuss and make some proposals how the monitoring occasions for PDCCH-based EPI could be done.
In context of PDDCH-based EPI design, the monitoring configuration could follow similar principles as for paging monitoring. The monitoring occasions for paging can be defined in two ways, either re-using the Type0-PDCCH SS set configuration, or based on dedicated search space configuration. The TS38.304 defines the SFN of the paging frame (PF) as 
(SFN + PF_offset) mod T = (T / N ) * (UE_ID mod N)
and the index of the PO, i_s, is given as
i_s = floor(UE_ID / N) mod Ns,
where, provided by higher layers,
· T is the paging (DRX) cycle {32, 64, 128, 256} radio frames (RF), 
· N is the number of PFs in T {1, ½, ¼, 1/8, 1/16}*T. For e.g. N=T/4 there are PF_offset = {0,1,2,3} and
· Ns is the number of POs per PF {1,2,4}.
If the Type0-PDCCH SS set configuration is used, afore configuration needs to be defined so that it matches with the Type0-PDCCH SS set provided. If the dedicated paging search space (‘pagingSearchSpace’≠0) is provided, additional parameters define how the PDCCH monitoring occasions are derived from it. As described in TS38.304 for operation without shared spectrum access, PO contains one valid PDCCH monitoring occasion corresponding to each actually transmitted SSB (‘ssb-PositionsInBurst’), based on the configured SS set occasion that do not overlap with UL symbols and can span multiple period of the paging search space. The PO location can be defined in relation to the PF via PO specific offset (‘firstPDCCH-MonitoringOccasionOfPO’). Hence, when network determines the paging monitoring, it needs to accommodate the number of beams needed, applied UL-DL slot configuration to result desired PO definition via the paging search space. It is also good to note that the UL-DL slot pattern periodicity is at max 20ms (first symbol of pattern is aligned with the start of even frame). 
For PDCCH-based EPI, it would seem most straight forward to use similar definition for the PDCCH-EPI i.e. determine the valid PDCCH monitoring occasions. This could be achieved either by providing separate configuration/parameters for PDCCH-EPI, similar to paging DCI, or it could be possible to re-use the paging PDCCH monitoring configuration. As noted above, this is already defined to account the UL-DL slot configuration and other aspects thus same search space configuration could be used. 
Proposal: The monitoring occasions defined for PDCCH-EPI are defined by search space configuration. The paging search space (‘pagingSearchSpace’) configuration could be re-used for EPI.
The location of the EPI would need to be placed before the PO. As described above, PO(s) are located in reference to a PF, and it would also seem possible to define the EPI time location in relation to PF. Thus the reference point for EPI monitoring occasions could be set based on PF. As discussed under power saving evaluations, EPI needs to be sent to enable UE in low SINR conditions to acquire sufficient number of SSBs, the offset could be defined in radio frames (10ms steps), which also corresponds to PFs (1 paging frame is one radio frame). For each PF, a separate offset could be provided, enabling pointing different PFs to the same EPI monitoring location and thereby sharing the EPI. Note it could be further considered what is the largest offset and smallest offset supported. 
Proposal: Define the reference location for EPI monitoring, EPI frame (EPI-F), based on offset to PF. Offset could be defined in radio frames.
As discussed above the starting point for each PO can be set via offset to a PF (‘firstPDCCH-MonitoringOccasionOfPO’). For EPI monitoring, the starting point for PDCCH-EPI monitoring occasions can be based on a corresponding offset for each PO, which could be defined in relation to the reference location, EPI-F. By allowing setting the offset individually for each PO, the EPI could be shared by multiple PFs. 
Proposal: Define a PO specific offset (EPI-O) in relation to EPI monitoring reference location (EPI-F). Offset could be defined in symbols.
Then similar to paging monitoring, the valid PDCCH-EPI monitoring occasions could be selected among the SS set configuration based on afore provided offsets, among the occasions that do not overlap with UL symbols so that there is one monitoring occasion corresponding to each actually transmitted SSB.
Proposal: Determine the valid PDCCH-EPI monitoring occasions from the search space configuration (e.g. ‘pagingSearchSpace’) based on monitoring occasion timing indicated by EPI-F and EPI-O and number of actually transmitted SSBs.
To enable beam specific EPI configuration, similar bit map as for actually transmitted SSB (‘ssb-PositionsInBurst’) could be used, to active/deactivate the PEI for a given actually transmitted SSB.
Proposal: To enable/disable broadcast beam specific PEI, bit map could be used to indicate the SSBs to which the EPI is active.
For the PDCCH format configuration, it should be possible to define the bit fields corresponding to PF and/or PO, and for each PO. Hence it should be possible to define in PF/PO specific manner the location of the bit field that carriers the sub-grouping information. I.e. for each PO the DCI format configuration should contain the starting location and size of the field for sub-group indication. The sub-grouping field size can be assumed to be common for all POs.
Proposal: The PDCCH-PEI configuration needs to provide for each PO the location of the sub-grouping field. The size of the sub-grouping field could be common for all EPIs in the cell.
Presence/availability indication for potential TRS/CSI-RS occasions was discussed in last meeting under agenda 8.7.1.2. As discussed in in [9], it should be possible to configure also for the EPI to provide the TRS occasions availability indication. This could be informed in a joint manner for all PEIs (if different per PO and/or PF) indicating the location and size of the information field providing the availability indication.
Proposal: The TRS occasion availability indication in PDCCH-EPI can be configured in cell specific manner, providing the location and size of the information field.

Additional information in EPI.
In last meeting the possibility of providing additional information via EPI was discussed. The main information elements considered were Short Message Indicator, Short Message and/or TRS/CSI-RS occasion presence indication. 
Short Message Indicator (2bits) provides information whether the paging DCI (DCI format 1_0 with CRC scrambled with P-RNTI) carries only scheduling information, only shortMessage or both. From IDLE/Inactive UE perspective all of these options would result a need for the UE to receive the paging DCI. In case only shortMessage is indicated to be provided UE could receive only the PDCCH ignoring the paging message reception. Based on the power model this would indicate 30% reduction for the actual paging reception procedure (which is <10% of the whole IDLE/Inactive power consumption). As it is not assumed that the shortMessage would be sent very frequently, it does not appear that this potential saving would realize any meaningful manner in reality. 
Similarly as considered for Short Message Indicator, including Short Message (8bits) to the EPI would not seem to offer meaningful power saving gain. Need to send systemInfoModification indication or etwsAndCmasIndication should be hopefully very infrequent occasions, and if transmitted, the impact of removing the need to receive actual paging DCI would have negligible impact to overall power consumption of the procedure (e.g. SI acquisition). Note also that if there is information to be shared in the Short Message, the EPI can be used to trigger the UE to monitor the PO and thereby read the legacy Short Message.
Proposal: Neither Short Message Indicator nor Short Message are included to EPI.
Conclusion
In this contribution we have presented evaluation results for the different Early Paging Indication schemes, and made following observations and proposal:
In Section 2 we summarised the evaluation assumptions and presented the results in Section 3, together with discussion on the sub-grouping based on RAN2 LS:
Observation: DCI-based EPI consistently provides the highest energy saving potential for low/medium/high SINR UEs as compared to SSS- and TRS-based EPI.
Observation: DCI-based EPI with 4-8 sub-groups provide reasonable energy saving gain compared to DCI-based EPI without groups, while larger number of sub-groups (16) only marginally improve the energy saving potential.
Observation: Supporting sufficient number of sub-groups enables to obtain comparable power saving gains with random subgrouping as with deterministic sub-group assignment.
Observation: Based on RAN2 feedback RAN1 PEI design needs to support sub-grouping, considering both network controlled grouping and UE-ID based grouping.
Observation: Based on RAN2 feedback the maximum number of supported sub-groups needs to be at least 8.
Proposal: The EPI design supports at least 8 sub-groups per PO as suggested by RAN2. Actual number used should be configurable by network.

In Section 4.1 and 4.2 the resource overhead was considered covering also other aspects related to EPI candidates, with following observations and proposals:
Observation: PDCCH-based EPI multiplexing with Connected Mode UEs is most straight forward, while with different mechanisms multiplexing of TRS-EPI and SSS-EPI with Connected mode UEs can be achieved. PDCCH-EPI would affect PDCCH capacity, while TRS- and SSS-EPI would impact to the PDSCH capacity. Resource reservation for TRS and SSS-based EPI would depend on the number of sub-groups supported per single SSS-sequence or TRS resource set. 
Observation: In TRS- and SSS-based EPI design sufficient sequence space would need to be reserved to avoid collisions between neighbouring cells. In asynchronous deployments, only frequency domain and sequence domain would needed to be used ensure the orthogonality. 
Observation: PDCCH based EPI offers the best flexibility in terms of information payload support.
Observation: In terms of specification RAN1 effort different EPI designs are somewhat comparable, while PDCCH based design would be most straight forward.
Observation: For TRS-EPI and SSS-EPI some receiver changes may be needed, depending on the final EPI design. Use of TRS-EPI for time/frequency synchronisation for paging reception or in general would not be feasible in all cases and in all behaviours.
Observation: For TRS-EPI there would be a need for new performance requirements for missed detection. For SSS-EPI new requirements maybe needed as current cell detection requirements cover joint detection of PSS and SSS. For PDCCH-EPI existing requirements can be re-used, similarly as for paging.
Proposal: Base the EPI design on PDCCH/DCI.
Section 4.3 discussed the EPI monitoring behaviour:- 
Observation: Behv-A should be assumed as a baseline operation for EPI.
Proposal: Enable support of both Behv-A and Behv-B based on network configuration. Details would be for RAN2.
In Section 4.4 and 4.4.1 we consider the aspects related to EPI configuration, with following proposals:- 
Proposal: Network flexibility to choose in which cells/beams paging is sent, should be maintained and applied also to EPI. 
Proposal: Network should be able to configure the EPI to only sub-set of SSB/‘broadcast’ beams.
Proposal: A single EPI should be able to address multiple POs to reduce EPI (PDCCH) indication overhead.
Proposal: The monitoring occasions defined for PDCCH-EPI are defined by search space configuration. The paging search space (‘pagingSearchSpace’) configuration could be re-used for EPI.
Proposal: Define the reference location for EPI monitoring, EPI frame (EPI-F), based on offset to PF. Offset could be defined in radio frames.
Proposal: Define a PO specific offset (EPI-O) in relation to EPI monitoring reference location (EPI-F). Offset could be defined in symbols.
Proposal: Determine the valid PDCCH-EPI monitoring occasions from the search space configuration (e.g. ‘pagingSearchSpace’) based on monitoring occasion timing indicated by EPI-F and EPI-O and number of actually transmitted SSBs.
Proposal: To enable/disable broadcast beam specific PEI, bit map could be used to indicate the SSBs to which the EPI is active.
Proposal: The PDCCH-PEI configuration needs to provide for each PO the location of the sub-grouping field. The size of the sub-grouping field could be common for all EPIs in the cell.
Proposal: The TRS occasion availability indication in PDCCH-EPI can be configured in cell specific manner, providing the location and size of the information field.
Furthermore, in Section 5 we discussed about other possible information in EPI, and made following proposal and observation:
Proposal: Neither Short Message Indicator nor Short Message are included to EPI.
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