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1. [bookmark: _Ref298777854]Introduction
In RAN1 #103e-meeting [1], the following observations and proposals were agreed and concluded. 
Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, paging early indication without UE sub-grouping can achieve the following power saving gains w.r.t. Rel-16:
· [0%] - [22.8%] where the baseline assumes 1 SS burst for synchronization before PO reception 
· Note: [0%] means UE can apply the baseline behavior if the time offset between the utilized SS burst and PO is small.
· [5.0%] - [32.0%]  where the baseline assumes 2 SS bursts for synchronization before PO reception
· [10.2%] - [67.7%]  where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gains will become lower for higher group paging rate. 
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
The power saving gains may vary with different paging early indication design.
Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication within a PO can provide the following power saving gains w.r.t. Rel-16:
· If the original group paging rate is 10%: 
· [0.3%]-[1.1%] where the baseline assumes 1SS burst for synchronization before PO reception
· [0.4%]-[0.8%] where the baseline assumes 2SS bursts for synchronization before PO reception
· [0.3%]-[1.0%] where the baseline assumes 3SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 80% and showed following results:  
· [0.7%] - [7.6%] where the baseline assumes 1SS burst for synchronization before PO reception
· [0.8%]-[3.0%] where the baseline assumes 2SS bursts for synchronization before PO reception
· [0.5%]-[4.7%] where the baseline assumes 3SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
Some companies show concern on assuming group paging rate larger than 60%.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.

Agreements:
Observation: For NR idle/inactive-mode UEs, UE sub-grouping indication carried in paging early indication can provide the following power saving gains w.r.t Rel-16:
· If the original group paging rate is 10%: 
· [10.6%]-[19.1%] where the baseline assumes 1SS burst for synchronization before PO reception
· [16.0%]–[36.0%] where the baseline assumes 2SS bursts for synchronization before PO reception
· [14.3%]–[46.0%] where the baseline assumes 3SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [8.0%]–[19.1%] where the baseline assumes 1SS burst for synchronization before PO reception
· [18.1%]–[34.0%] where the baseline assumes 2SS bursts for synchronization before PO reception
· [20.6%]–[42.0%] where the baseline assumes 3SS bursts for synchronization before PO reception
The additional power saving gains w.r.t. paging early indication without UE sub-grouping are given as follows:
· If the original group paging rate is 10%: 
· [0.6%]–[2.7%] where the baseline assumes 1SS burst for synchronization before PO reception
· [0.6%]–[4.0%] where the baseline assumes 2SS bursts for synchronization before PO reception
· [0.6%]–[4.7%] where the baseline assumes 3SS bursts for synchronization before PO reception
· Some sources also evaluated performance if the original group paging rate is in the range between 20% and 60% and showed following results:  
· [1.3%] –[8.0%] where the baseline assumes 1SS burst for synchronization before PO reception
· [2.1%]–[13.0%] where the baseline assumes 2SS bursts for synchronization before PO reception
· [3.3%]–[16.1%] where the baseline assumes 3SS bursts for synchronization before PO reception
The number of UE sub-groups evaluated ranges from 2 to 16.
The power saving gains are dependent on the assumptions about placement of PEI and PO relative to SSB.
Note: It is FFS in RAN1 another group paging rate > 10% for the evaluation of Rel-17 paging enhancement.
Note: Not all sources providing results for paging early indication without UE sub-grouping also provide results for paging early indication with UE sub-grouping.
 
Agreements:
Observation: For NR idle/inactive-mode UEs with 10% group paging rate, cross-slot scheduling with K0 = 1, which can be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [<1%] –[2.5%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [<1%] -[1.6%] where the baseline assumes 2 SS bursts for synchronization before PO reception
· [<1%] -[1.44%] where the baseline assumes 3 SS bursts for synchronization before PO reception
One source shows that cross-slot scheduling with K0 = 32, which cannot be supported by Rel-15/Rel-16 for Type 2 CSS, can provide the following power saving gains w.r.t. same-slot scheduling (K0 = 0):
· [0%] where the baseline assumes 1 SS burst for synchronization before PO reception
· [6.3%] where the baseline assumes 3 SS bursts for synchronization before PO reception
The power saving gain will become lower with higher group paging rate.

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

For further comparison of different physical layer designs for paging early indication, the following proposals are discussed in the email discussion and quoted below for reference of characterizing a physical layer design:

Proposal: For describing a paging early indication (PEI) design, the following information should be provided:
· Assumption on PEI placement with justification on the feasibility.
· How to maintain the same level of synchronization performance as Rel-16 for PO reception when UE is indicated by PEI to receive paging?
· How to coexist with Rel-15/Rel-16 channels/signals and ensure no functional impact?
· How to maintain legacy paging functionalities, including notification for SI change and ETWS indication?
· Feasibility and limitation, if any, for carrying UE sub-group indication
· Note: It is not yet decided whether to carry UE sub-group indication in PEI

Proposal: For characterizing the power saving gains with a PEI design without UE sub-grouping, companies are encouraged to report the power saving gains w.r.t. Rel-16 for the following cases, assuming at least 10% group paging rate,
· When the time offset between PO and the start of the nearest SS burst is T (ms): 
· S1 (%) where the baseline assumes 1 SS burst for synchronization before PO reception 
· S2 (%) where the baseline assumes 2 SS bursts for synchronization before PO reception
· S3 (%) where the baseline assumes 3 SS bursts for synchronization before PO reception
· Note: Considered value(s) for T is by company report.

Proposal: For characterizing the impact to paging detection performance with a PEI design, companies are encouraged to report the following values w.r.t. the required SINR for paging PDSCH without frequency error:
·  When the target miss detection probability is P (%):
· V (dB) lower SINR is required for detecting PEI with indication for N UE sub-group(s) and subject to F ppm frequency error
· … (result for another set of evaluated N and F values)
· Note: Considered values for P, N and F are by company report with justification.

Proposal: For characterizing the resource overhead with a PEI design, companies are encouraged to report the required averaged resource number per PO defined as below, assuming at least 10% group paging rate per PO:
· (Required RE number ensuring no paging detection performance impact)  PEI transmission probability  Number of PO sharing the same PEI channel/signal
When evaluating the needed resource overhead, only mandatory UE capabilities are assumed.
As observed above, the power saving gains from paging early indicator (PEI) depend on its signal design, assumption on placement of PEI with respect to PO and SSB, sub-grouping and group paging rate. In this contribution, we discuss the PEI physical layer design for early indication and address aspects related to UE sub-grouping.  
Discussion 
During IDLE/INACTIVE mode, an NR UE needs to monitor the channel for potential paging and performs measurements and checks the signal strength of the serving cell and if necessary, neighbor cells for cell re-selection.
When monitoring for paging, the UE needs to first monitor the PO for a paging DCI, i.e., a DCI whose CRC is scrambled with P_RNTI. If a paging DCI is detected, the UE continues to the second step where the UE decodes the PDSCH for its TMSI (5G-S-TMSI). Details of the frequency and time resource allocation of PDSCH are provided in the paging DCI. The UE knows whether it is paged or not only after it successfully decodes PDSCH (paging message). Both idle-channel monitoring and paging-DCI overhearing lead to extra costs at the UE. Since the UE needs to be fully synchronized to be able to decode paging DCI and a paging message, these additional costs can become significant for instance for scenarios where the UE is not in very good coverage. The total extra costs depend on the paging probability and how PO/DRX of UEs with different paging probability are configured. Figure 1 shows an example power consumption break-down of a UE for two paging group rates (or paging rate per PO) of 10% and 60% and when at cell edge. The group paging rate is calculated according to 1-(1-Pue)N , where the number of UEs, N, is 10 or 100 and the UE’s paging rate Pue is 1%. 3 SSBs are considered for synchronization.   

Figure 1 - Power consumption break-down of a UE in bad coverage
As can be seen, the cost of transition from/to sleep states and synchronization necessary to decode paging DCI and paging message is about 50% - 60% of the total average power consumption in one DRX cycle. This means that even though the cost for idle PO monitoring and overhearing/false-paging is relatively low, the actual total cost can become significant when the synchronization and transition cost are taken into account.
Observation 1 – The cost of transition from/to deep sleep as well as synchronization cost are dominant sources of power/energy consumption.

To reduce the cost of unnecessary paging and for paging enhancement, we need to provide solutions where the UE can avoid entering power consuming transition and synchronization states when there is no paging for the target UE. 

Proposal 1 – Paging enhancement schemes should avoid the UE unnecessarily transitioning from/to sleep states and from/to synchronization states, when there is no paging for a target UE.

Paging early indication (PEI) 
Paging early indication before a paging occasion is supported from the RAN1 perspective for NR idle/inactive-mode paging enhancement. In this scheme an indicator before a target PO is transmitted to indicate to the UE whether to continue to monitor for PDCCH scrambled with P-RNTI and a paging message at the PO or not. Details of the PEI physical layer design based on DCI, SSS or TRS/CSI-RS is for further study (FFS). In this section we discuss the three possible choices for PEI physical layer design.
· In a DCI-based design, the UE needs to be fully synchronized to the network to be able to decode the DCI-based PEI. This means that the UE needs to decode SSB prior to its PEI decoding/detection. Even if the DCI-based PEI is placed as close as possible to an SSB signal, the UE still needs to receive and decode both SSB and DCI-based PEI before it decides whether or not there is paging. This means a DCI-based PEI design does not fulfil the condition of proposal 1 as it needs to receive synchronization in advance for its detection, leading to extra unnecessary power consumption.
· A TRS/CSI-RS based design requires a longer time and wider bandwidth than the other two designs to accommodate the signal content/information. This means longer time and higher received power consumption and consequently relatively higher power consumption for its detection, compared to the other candidates. 
· By using a sequence-based PEI design, having similar characteristics as SSS, the UE does not need to do any synchronization prior to its PEI detection. The UE proceeds to read SSB and PO only if the SSS-based PEI is detected. This basically means that the SSS-based PEI scheme fulfils the condition in proposal one, resulting in higher power saving gain compared to a DCI-based solution. 

Observation 2 – Sequence-based (e.g. SSS-based) early paging indication fulfils the condition that paging enhancement schemes should avoid the UE unnecessarily transitioning from/to deep sleep and from/to synchronization states, when there is no paging for target UE. 

Practically/in principle only a correlator is needed to decode/detect an SSS-based PEI. This means that the power consumption of the receiver when decoding/detecting SSS-based PEI is basically lower than the power consumption of the receiver when receiving an SSB signal, as assumed above. Moreover, the SSS-based PEI can also be used for synchronization purposes. This also means fewer SS bursts are needed for synchronization prior to PO for decoding of paging DCI and a paging message. Lower power consumption for PEI detection and fewer SS burst for synchronization before a PO can result in a higher power saving gain than the other designs.

Proposal 2 – Use sequence-based early paging indication as a paging enhancement scheme to reduce idle PO monitoring cost at the UE. 


UE Sub-grouping 
UE sub-grouping is considered as another paging enhancement and is used to reduce unnecessary paging reception resulting from false paging or overhearing. In this scheme, UEs monitoring the same PO are divided into subgroups, and the network needs to indicate whether a subgroup of UEs needs to monitor the paging message. 
In RAN2#112e-meeting [4], the following candidate UE subgrouping schemes were agreed, for further investigation:
· cross-slot scheduling for UE subgroup,
· paging early indication or wake-up signal (WUS) for UE subgroup
· paging indication for UE subgroup using paging DCI,
while the other candidate solutions, i.e., using additional reception occasion in time/frequency domain for UE subgrouping and P-PNTI based subgroup discrimination were deprioritized. Below we discuss the subgrouping schemes from a signalling and power saving perspective. When discussing we assume the PEI design has SSS-type characteristics.

· A UE being sub-grouped using cross-slot scheduling needs to be fully synchronized with the network to be able to decode the paging DCI and decide whether there is a paging DCI for its target subgroup. This makes entering synchronization states as well as transition to/from deep sleep unavoidable. Consequently, the power saving gain of this scheme compared to the same slot-scheduling is very limited as it cannot fulfil the conditions in proposal one. An additional important disadvantage is that this approach is not backward compatible.
· UE subgrouping in an SSS-based PEI is done by using different sequences for different UE subgroups in the indicator. Since each sequence carries only one bit of information, in order to allow paging of different UEs subgroups at the same time the sequences, at transmission time, need to be time and/or frequency multiplexed. Additionally, a common sequence known to all UEs can be used for scenarios where all UEs need to be paged at the same time, e.g. for notification of SI change and ETWS indication.
· UE subgrouping using legacy paging DCI is an approach combined with PEI. In this approach, the SSS-based PEI carries only one-bit of information and is used for wake-up. The reserved bits in the legacy paging DCI are used to further split UEs listening to the same POs. Only after decoding of the paging DCI can a UE decide whether its subgroup is paged. When the paging rate per PO is low, the average power saving consumption of this approach is very similar to when sub-grouping is carried by SSS-based PEI. The power consumption increases when the paging rate per PO increases. This is since a UE only after synchronization and decoding of subgrouping paging DCI can decide whether its subgroup is paged. 

Observation 3 – Among the three sub-grouping candidates, UE sub-grouping using sequenced-based/SSS-based early paging indication fulfils the condition that paging enhancement schemes should avoid the UE unnecessarily transitioning from/to deep sleep and from/to synchronization states, when there is no paging for a target UE. 

Power saving gain analysis
We have done further evaluation where we compare the power saving gains of these schemes with respect to the baseline. Again, the power saving gains are calculated for two paging rates per PO of 10% and 60% and for two coverage conditions. In our calculation, we assume
· 1 SS burst for synchronization before PO reception for good coverage and 3 SS bursts for UEs in bad coverage,
· A time duration of two OFDM symbols and a power consumption the same level as PSSB for SSS-based PEI (practically this can be lower since only a correlator is used for its detection),
· miss detection and false-alarm probabilities of 1% for both PEI detection as well as subgrouping.
UEs with 10% paging rate per PO are further divided to two sub-groups each containing 5 UEs and UEs with 60% paging rate per PO to five sub-groups, each containing 20 UEs. Through sub-grouping the paging rate per PO for each sub-group is reduced from 10% and 60% to 4.5% and 18%, respectively. All the other parameters are set according to evaluation assumptions in [5]. 
The power saving gains for these studied scenarios are listed in Table 2. As expected, the amount of power saving gain resulting from cross-slot scheduling is very limited. For both SSS-based PEI UE grouping and combined PEI and UE sub-group using paging DCI, the amount of power saving gain for 10% paging rate per PO is very similar. This is because the amount of power saving is more related to the reduction of listening to idle paging rather than to a reduction of false paging. Increasing the paging rate to 60%, the cost of false paging increases and thereby the amount of power saving gain for UE subgrouping using paging DCI becomes up to ~13% lower than the one using PEI for subgrouping. 

[bookmark: _GoBack]Table 2 - Summary of power saving gains for different UE subgrouping techniques in percentage
	
UE sub-grouping technique
	Low SINR/bad coverage
	High SINR/good coverage

	
	N=10/paging rate per PO = 10%
	N=100/paging rate per PO = 60%
	N=10/paging rate per PO = 10%
	N=100/paging rate per PO = 60%

	Cross-slot scheduling 
	0.32
	3.0
	0.1
	0.99

	SSS-based PEI carries UE subgrouping info.
	12.66
	13.67
	27.56
	25.02

	SSS-based PEI + UE subgroup using paging DCI
	12.58
	9.93
	26.28
	11.77



Observation 4 – The amount of power saving gain for high paging rate per PO is much higher when UE grouping is carried in a sequence-based early paging indicator than when UE sub-grouping is done using paging DCI.
Proposal 3 – Use sequence-based early paging indicator with sub-grouping for paging enhancement and reducing unnecessary paging reception. 

Paging early indication (PEI) for UEs operating in FR2 
All the analysis above is done for the scenarios where multiplexing pattern 1 for SS/PBCH block and CORESET multiplexing is used (SS/PBCH block and CORESET are TDMed). When a UE operates in FR2, SS/PBCH block and CORESET multiplexing can be FDMed, referred to as multiplexing pattern 2 and pattern 3. The use of sequence-based early paging indicator together with UE sub-grouping is also beneficial here since the UE does not need to monitor a wider bandwidth for its paging detection. For these two settings the early paging indicator can be TDMed and the UE continues to synchronization and paging DCI/paging message reception states if a sequence is transmitted and successfully detected.
Observation 5 – The use of sequence-based early paging indicator is also beneficial for in FR2 case since the UE does not need to monitor a wider bandwidth for its paging detection.

Proposal 4 - Use sequence-based early paging indicator with sub-grouping for paging enhancement for FR2 operation.


Conclusion
In this contribution, the following observations and proposals are made:

Observation 1 – The cost of transition from/to deep sleep as well as synchronization cost are dominant sources of power/energy consumption.
Observation 2 – Sequence-based (e.g. SSS-based) early paging indication fulfils the conditions: that paging enhancement schemes should avoid the UE unnecessarily transitioning from/to deep sleep and from/to synchronization states, when there is no paging for target UE. 
Observation 3 – Among the three sub-grouping candidates, UE sub-grouping using sequenced-based/SSS-based early paging indication fulfils the condition that paging enhancement schemes should avoid the UE
Observation 4 – The amount of power saving gain for high paging rate per PO is much higher when UE grouping is carried in a sequence-based early paging indicator than when UE sub-grouping is done using paging DCI.
Observation 5 – The use of sequence-based early paging indicator is also beneficial for in FR2 case since the UE does not need to monitor a wider bandwidth for its paging detection.


Proposal 1 – Paging enhancement schemes should avoid the UE unnecessarily transitioning from/to sleep states and from/to synchronization states, when there is no paging for a target UE.
Proposal 2 – Use sequence-based early paging indication as a paging enhancement scheme to reduce idle PO monitoring cost at the UE. 
Proposal 3 – Use sequence-based early paging indicator with sub-grouping for paging enhancement and reducing unnecessary paging reception. 
Proposal 4 – Use sequence-based early paging indicator with sub-grouping for paging enhancement for FR2 operation.
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