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1. Introduction
In RAN1 #104 e-meeting [1], the following agreements were made for potential paging enhancements:
	[bookmark: OLE_LINK3]Agreements:
· Carrying UE subgroups information is considered in physical layer design for paging enhancement 
 
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
 
Agreements:
For the evaluation and comparison of PEI candidate designs, companies to report
· Description of how PEI design can co-exist with existing channels/signals, and impact to legacy UEs. 
· Rel-15 designs for multiplexing PEI with legacy channels/signals are assumed as baseline
o   Other multiplexing method with legacy channels/signals can be additionally reported with justification

Agreement:
· Take Alt 1 as mandatory, and Alt 2 as optional
Alt 1 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging PDSCH is 1%, 
0. When Behv-A is assumed: 
0. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_A = MDR_PEI + (1 – MDR_PEI) MDR_PagingPDCCH
0. The False-Alarm Rate (FAR) of PEI should be no larger than [1%]
0. When Behv-B is assumed: 
1. The joint miss-detection rate (MDR) of PEI and paging PDCCH defined below should be no worse than 1%: 
MDR_Joint_B = FAR_PEI + (1 – FAR_PEI) MDR_PagingPDCCH
1. The MDR of PEI should be no larger than [1%]
0. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
1. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
1. The required #REs to comply with the performance assumptions
1. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions

Alt 2 
For the performance evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, 
1. The following are assumed, at the SNR where the Miss-Detection Rate (MDR) of paging DCI is 1%, 
1. When Behv-A is assumed: 
3. The MDR of PEI should be no larger than 0.1% 
3. The False-Alarm Rate (FAR) of PEI should be no larger than 1%
1. When Behv-B is assumed: 
4. The FAR of PEI should be no larger than 0.1%
4. The MDR of PEI should be no larger than 1%
1. Note: The CFO is modeled at the input of PEI detection and based on LLS assumptions agreed in RAN1 #102-e. Companies should justify the applied random range for the CFO.
1. Companies to provide:
2. Information on the utilized detection method for each PEI candidate design (e.g., non-coherent detection or coherent detection)
2. The required #REs to comply with the performance assumptions
2. The maximum number of subgroups that can be carried in PEI, subject to the performance assumptions

Agreements:
For the evaluation of resource overhead with PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, companies to provide estimated overheads for PEI candidate designs based on the following factors:
1. Assumption of Behv-A/B
1. Required #REs from performance evaluations 
1. 10% group paging rate per PO as baseline; other group paging rates can be optionally considered
and based on the following assumptions with justification (up to each company)
1. Whether and how coexistence with legacy UEs is considered 
1. Whether and how indication(s) to multiple POs and/or UE subgroups by one PEI is considered
1. Whether and how multi-beam transmission is considered 

Agreements:
Further study the design on how to provide the indications for UE subgroups over PEI and/or paging PDCCH, subject to the metrics agreed in RAN1 102e.


In this contribution, the sub-grouping indication carried by PEI or paging PDCCH is firstly discussed, and grouping method with a common sequence is also considered. Then, we further evaluate the candidate paging early indication (PEI) physical signal/channel design from the aspects of Behavior A/B, power saving gain, resource overhead and coexistence.
2. Sub-grouping paging indication
RAN1 has given the evaluation results for sub-grouping indication by using paging PDCCH or PEI in RAN1 #103e-meeting. An LS [2] has been sent to inform RAN2 the observations of power saving gain for different candidate paging enhancement methods and the recommendation from RAN1 perspective. So, we further study the design on how to provide the indications for UE subgroups over PEI and/or paging PDCCH in the following section.
2.1 Sub-grouping paging indication by PEI
For evaluation of the additional power saving gain by sub-grouping paging indication with PEI, we adopt the sequenced-based UE grouping method specified for Rel-16 NB-IoT Group WUS. There are two kinds of sequence. One is the sub-group specific sequence, which is linked to one UE sub-group. The other one additional sequence aims to wake up all the UE sub-groups for this PO, named as “common sequence” in this contribution. UE should wake up to receive paging PDCCH, if either the sequence associated with the UE subgroup or the common sequence is detected. For an instance, assuming there are four sub-groups associated with one PO, from the network perspective, there are totally five candidate sequences, of which four sub-group specific sequences and one common sequence. And each UE belongs to only one of the sub-groups. If a UE receives the common sequence or the sub-group specific sequence indicating the sub-group of this UE, then the UE needs to monitor its paging PDCCH. Otherwise, the UE will skip the corresponding paging PDCCH and PDSCH. To this end, each UE only need to detect two candidate sequences and the performance of sequence-based PEI will not degrade proven in section 4.1.
Table 1 shows a typical example of the grouping method adopted in Rel-16 NB-IoT and mentioned above. Sequence 0 is the common sequence, and Sequence 1 to Sequence 4 are sub-group specific sequences linked to different sub-groups. Sequence 5 is a virtual sequence and the network will actually do DTX (no sequence is transmitted) when the case happens. The probability that no less than two sub-groups need to be woke up is negligible i.e. 0.004 and the additional false alarm rate caused by the common sequence is marginal. 
Table 1: Grouping method adopted in Rel-16 NB-IoT for sub-grouping indication carried by sequence-based PEI.
	Sub-group A
	Sub-group B
	Sub-group C
	Sub-group D
	Sequence index
	Probability

	>= 2 sub-groups need to be woke up
	0
	0.004

	Wake up
	sleep
	sleep
	sleep
	1
	0.024

	sleep
	Wake up
	sleep
	sleep
	2
	0.024

	sleep
	sleep
	Wake up
	sleep
	3
	0.024

	sleep
	sleep
	sleep
	Wake up
	4
	0.024

	sleep
	sleep
	sleep
	sleep
	5
	0.9
(1 - per PO paging rate)


Compared with the scheme of PEI without sub-grouping, the additional power saving gain by introducing sub-grouping paging indication in PEI is presented in Table 2. Based on the assumption shown in Table 1, up to 5.35% additional power saving gain can be achieved by introducing the sub-grouping paging indication with PEI when the per PO paging rate is 10%. Clearly, the larger number of the sub-groups can be divided into, the more power saving gain is achieved. And the higher per PO paging rate, the more power saving gain can be achieved.
Table 2: Additional power saving gain by introducing sub-grouping paging indication carried by PEI compared with the scheme of PEI without sub-grouping.
	Additional power saving gain
	The number of sub-groups
	For Low SINR case with 3 SSBs before PO
	For High SINR case w/o RRM relax

	Per PO paging rate=10%
	2
	2.80%
	0.90%

	
	4
	4.26%
	1.37%

	
	8
	5.01%
	1.62%

	
	16
	5.35%
	1.73%

	Per PO paging rate=20%
	2
	5.11%
	1.71%

	
	4
	7.94%
	2.66%

	
	8
	9.36%
	3.14%

	
	16
	10.12%
	3.39%

	Per PO paging rate=40%
	2
	8.59%
	3.08%

	
	4
	13.75%
	4.93%

	
	8
	16.59%
	5.95%

	
	16
	18.09%
	6.48%



   
Figure 1: The trend of additional power saving gain with the increasement of the number of sub-groups.
To further analyze the reasonable configured number of sub-groups, Figure 1 intuitively shows the trend of power saving gain with the increase of the number of sub-groups. Comprehensively, taking lots of factors into consideration (i.e. the power saving gain, the signaling payload and the complexity of sequence design), 4 or 8 sub-groups is a reasonable configuration.
Observation 1: Up to 5.35% or 10.12% additional power saving gain can be achieved by introducing the sub-grouping paging indication carried by PEI when the per PO paging rate is 10% or 20% respectively.
Observation 2: Adopting more than 8 sub-groups per PO will bring a marginal increase of power saving gain.
Observation 3: Grouping method introduced in Rel-16 NB-IoT can save the number of candidate sequence by defining a “common sequence” representing the case that no less than two sub-groups need to be paged.
Proposal 1: Sub-grouping indication carried in sequence-based PEI should be supported for paging enhancement. 
Proposal 2: 4 or 8 sub-groups configured per PO is preferred.
2.2 Sub-grouping paging indication by paging PDCCH
From the agreed evaluation results, sub-grouping indication by using paging PDCCH can only obtain 1% power saving gain when the per PO paging rate is 10%. It is negligible benefit to the paging enhancement. Hence, the sub-grouping indication by paging PDCCH should be excluded. Besides, to avoid ambiguity understanding and further save the cost for cross-layer communication, we need to reply the LS [3] from RAN2 to declare that from RAN1 perspective the sub-grouping indication by paging PDCCH should not be considered. 
Proposal 3: The sub-grouping indication by using paging PDCCH should be excluded. And reply the LS sending from RAN2 as follow:
· From RAN1 perspective, the sub-grouping indication by using paging PDCCH should not be supported.
3. [bookmark: _Hlk25060711][bookmark: _Ref498564494][bookmark: _Hlk521582650]Behavior A/B
3.1 Analysis of resource overhead and power saving gain
As evaluated in our companion contribution [4], for the purpose of CFO (carrier frequency offset) compensation, AGC and T/F tracking and RRM measurement etc., an idle/inactive UE needs to receive 2 or 3 SSB bursts before PO reception in Low/medium SINR case and 1 SSB burst before PO reception in High SINR case. Figure 2 describes the paging processing timeline of baseline scheme (i.e. without any paging enhancement).
2 
2.1 


[bookmark: _Ref47347226]Figure 2: The paging processing timeline of the baseline scheme
In RAN1 #103e-meeting, PEI before paging occasion has been supported from RAN1 perspective and then two candidate UE behaviors for PEI detection were subsequently adopted in RAN1 #104e-meeting. The difference is whether a UE is required to monitor PO when it does not detect PEI. And for Behavior A, the UE will not do PO reception when it does not detect PEI, but the opposite for Behavior B. So, by adopting Behavior B, if a UE is not required to receive PO, the network shall always transmit PEI with no paging indication explicitly in order to save power. Figure 3 separately describes the paging processing when PEI is introduced for Behavior A and B.


Figure 3: The paging processing timeline when PEI is introduced
[bookmark: _Hlk67995147][bookmark: _Hlk67995087]To comprehensively comparison Behavior A and B, we adopt the control variate method with respect to the two variables i.e. resource overhead and power saving gain. As shown in Table 3, the results of resource overhead are given by assuming the same power saving gain can be achieved of Behavior A and B. And the power saving gain compared to baseline scheme is obtained based on the same resource overhead of Behavior A. In addition, multiple POs associated with one PEI is also considered in our evaluation. The per PO paging rate is configured as 10%. By observing the results of resource overhead, Behavior B will consume 64.6%~80% more PEI resources than Behavior A. Regarding to power saving gain, Behavior B will result in more power consumption even than baseline scheme and not to mention Behavior A, when assuming its resource overhead is the same as that of Behavior A. The reasons are that the introducing of PEI will increase the power consumption when UE need to receive paging compared to the baseline scheme. And for the sake of saving resource, the network will not send PEI with no paging indication, which will sacrifice the power saving gain by using PEI for the case UE will not be paged. In light of the fact aforementioned, there is negligible benefit by using PEI with UE behavior B for both network resource overhead and UE power saving. 
Table 3: Comparison of Behavior A and Behavior B
	PEI design
	Resource overhead
	Power saving gain
(* compared to baseline paging scheme and based on the same resource overhead of Behavior A)

	
	1 to 1 [1]
	4 to 1 [2]
	Cases
	Gap[3] =3ms
	Gap =0

	Behavior A
	Network needs to transmit PEI in only 10% cases
	Network needs to transmit PEI in only 34.4% cases
	Low SINR
	24.43%
	27.80%

	
	
	
	Medium SINR
	13.93%
	17.84%

	
	
	
	High SINR
	1.89%
	8.06%

	Behavior B
	Network needs to transmit PEI in 90% cases
	Network needs to transmit PEI in 99% cases
	Low SINR
	1 to 1
	-6.97%
	-3.60%

	
	
	
	
	4 to 1
	2.61%
	5.98%

	
	
	
	Medium SINR
	1 to 1
	-9.72%
	-5.81%

	
	
	
	
	4 to 1
	-2.51%
	1.40%

	
	
	
	High SINR
	1 to 1
	-12.02%
	-5.84%

	
	
	
	
	4 to 1
	-7.78%
	-1.60%

	Notes: 
[1] Each PO associated with one PEI.
[2] Four POs associated with one PEI.
[3] The gap between PEI and the nearest SSB.



Observation 4: Behavior B will consume 64.6%~80% more PEI resources than Behavior A when assuming the same power saving gain achieved by Behavior A/B.
Observation 5: Behavior B will result in more power consumption than Behavior A and even baseline paging scheme, when assuming its resource overhead is the same as that of Behavior A.
Proposal 4: Behavior A should be adopted for UE behavior of PEI detection.
For either Behavior A or Behavior B, there is no doubt that PEI reception will increase the power consumption when UE need to monitor paging reception. But the power saving gain by using PEI derives from the most cases that PEI will indicate UE there is no paging. Hence, for Behavior B, the network shall transmit PEI with go to sleep indication to guarantee the total power consumption when PEI is configured is no more than that of baseline paging scheme i.e., no PEI is configured.
[bookmark: OLE_LINK4]To this end, Table 4 provides the critical probability (i.e. the value of X) of transmitting PEI with go to sleep indication by network when it can achieve the same total power consumption with baseline paging scheme. Given the analyzed above and observation below, if the network cannot guarantee the probability (i.e. X) of sending PEI with go to sleep indication is larger than 79%, there is no power saving benefit to configure PEI for idle/inactive UE. 

Table 4:  The critical probability (i.e. the value of X) of sending PEI to indicate go to sleep for Behavior B
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Different cases
	Average power consumption per slot
	The value of X, i.e. the probability of sending PEI to indicate go to sleep by network

	
	Baseline i.e., no PEI is configured
go to sleep (90%) | wake up (10%)
	PEI scheme
PEI with go to sleep indication (X) | PEI with wake-up indication or without sending PEI (1-X)
	Paging rate = 10%
	Paging rate = 20%
	Paging rate = 40%

	Gap between PEI and the nearest SSB is 3ms
	Low SINR
	3.035
	3.254
	2.19
	3.39
	28%
	26%
	22%

	
	Medium SINR
	2.613
	2.832
	2.19
	2.969
	43%
	40%
	35%

	
	High SINR
	1.663
	1.718
	1.608
	1.898
	79%
	77%
	74%

	Gap between PEI and the nearest SSB is 0
	Low SINR
	3.035
	3.254
	2.087
	3.287
	19%
	18%
	14%

	
	Medium SINR
	2.613
	2.832
	2.087
	2.866
	30%
	27%
	21%

	
	High SINR
	1.663
	1.718
	1.505
	1.795
	44%
	42%
	38%



Observation 6: For Behavior B, the network shall guarantee the probability of sending PEI with go to sleep indication is larger than 79%, otherwise there is no power saving benefit to configure PEI for idle/inactive UE.
4. PEI signal/channel designs
In this section, the performance and resource overhead evaluations of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS have been given based on the assumptions agreed in the last e-meeting.
4.1 Performance of PEI signals/channels
· Sequence-based PEI
As specified for Rel-15 NB-IoT/eMTC wake up signal, sequence based signaling has been adopted for PEI. 
For NR, SSS-like sequence is one candidate solution for paging early indication signal. Multiplexing with existing channels and signals, e.g. PDSCH/PDCCH, CSI-RS, etc., should be defined if SSS-like sequence is introduced. CSI-RS is already existing signal, and the multiplexing rule with other channels has already been defined in Rel-15. However, TRS/CSI-RS for power saving purpose may be different with the existing TRS/CSI-RS configuration, thus additional overhead is needed.
As mentioned earlier, SSB and TRS (multiple CSI-RS resources) can be used for carrier frequency error calibration. If SSS-like sequence or TRS-like sequence are also supported for PEI, UE can perform CFO calibration based on the PEI sequence itself. Considering this benefit own to sequence-based PEI, the SSB measurement before PO reception can be taken placed by PEI. This is no doubt that sequence-based PEI can achieve more power saving gain than DCI based PEI. The premise for CFO calibration for sequence-based PEI is that it should be transmitted in more than 1 symbol, and UE can estimate the frequency error based on the phase difference among the RS symbols. The sequence pattern can be carefully designed to facilitate CFO calibration. Furthermore, with more symbols allocated for PEI, the reliability of PEI can be further improved. An example is shown in Figure 4. 


[bookmark: _Ref53951399]Figure 4: Illustration of PEI mapped to multiple symbols
For sequence-based PEI, co-existence with legacy UEs should be considered. SSS like sequence is mapped consecutive in frequency domain, while TRS-like sequence is mapped in comb pattern and mapped to wide bandwidth. However, gNB can properly schedule the resources to make sure the resource for the PEI sequence is orthogonal to legacy signals and channels. If the PEI is not transmitted due to no paging arrived, network can schedule the resources for other purposes dynamically. Besides, network can configure rate matching pattern for UE to rate matching around the resources for PEI. Hence, sequence-based PEI can be well co-existed with legacy signals/channels.
Observation 7: Sequence-based PEI can be well co-existed with legacy signals/channels.
When sub-grouping indication is delivered through sequence-based PEI, there should be at least one candidate sequence associated with all of sub-groups. According to the grouping method described in section 2.1, UE should wake up to receive paging PDCCH, if either the sequence associated with the UE subgroup or the common sequence is detected. Hence, each UE only need to correlate two sequences, although N+1 sub-groups required to be configured for sub-grouping indication from network’s perspective, of which N refers to the number of sub-groups. In this regard, the performance of sequence-based PEI will not degrade with the increasing of number of subgroups.
[bookmark: _Hlk68114767]Observation 8: Performance of sequence-based PEI will not degrade with the increasing of number of subgroups, if a common sequence is introduced to wake up no less than two sub-groups.
· DCI-based PEI
DCI-based PEI can be used to indicate UE whether to monitor PDCCH in the subsequent PO, which is similar to DCI format 2-6 for C-DRX in Rel-16. Compared with sequence based signaling, more power consumption is needed for PDCCH decoding even if blind decoding on multiple PDCCH candidates is not considered, since channel estimation, detection, and polar decoding is needed for one blind decoding attempt.
For PDCCH, the minimum DCI size is 12bits. To obtain better PEI performance, it is preferred to limit the DCI size for PEI. However, in current mechanism, an idle UE only needs to decoding one DCI size, i.e. DCI 1-0/0-0 size, which is typically around 40bits. If a PDCCH with new DCI size needs to be monitored by idle UE, it may increase the power consumption. However, if the DCI size of DCI-based PEI is aligned with DCI format 1-0/0-0, it may degrade reliability of paging. 
Observation 9: If the DCI size of DCI based-PEI is less DCI format 1-0/0-0, UE need to decode two DCI size in idle state. If the DCI size of DCI based-PEI is aligned DCI format 1-0/0-0, the performance of DCI-based PEI is less reliable.
We evaluated the performance of sequence-based and DCI-based PEI. Non-coherent detector is used for sequence detection, UE performs non-coherent detection for two sequences, i.e., the sequence for UE subgroup and the common sequence. If the correlation value is greater than certain threshold, UE considers the sequences detected. The threshold is selected to ensure that false alarm rate is lower than 0.01/0.001. 
For TRS-like PEI, the TRS resource in 48 RBs (initial DL BWP size) is segmented to 8 subbands, and each subband contains 6 RBs, the sequence correlation is performed per subband basis, and correlation values of the 8 subbands are summed up and compared with the threshold to determine whether the sequence is transmitted.
Based on the agreements, joint MDR for paging PDCCH and MDR of PEI under both Behavior A&B are provided in Figure 5. And the simulation parameters are given in Table 5.
[bookmark: _Ref53993696]Table 5 Simulation Assumptions for PEI
	Parameters
	Value

	Carrier frequency
	4 GHz

	Channel model
	TDL-C 300ns 100Hz

	Antenna number at BS
	1

	Antenna number at UE
	4

	Subcarrier spacing
	30 kHz

	SSS like sequence
	Length: 127 (REs per symbol)
Sequence: same as SSS
Number of symbols: 2 or 4

	TRS like sequence
	Number of RBs: 48
Number of symbols: 
· 2 symbols in a slot
· 4 symbols in 2 consecutive slots
Density: 3 REs/RB

	PDCCH
	Aggregation level: [8] or 16
DCI size: 12(minimum) or 40 bits (DCI format 1-0)

	CFO for signal/channels
	Uniformly distributed in [-X X] ppm
X=0.5 for PEI seq & PDCCH
X=0.1 for paging PDCCH and PDSCH

	Note: For PDCCH based PEI, the false alarm rate is extremely low, and zero false alarm rate is assumed.



[image: ][image: ]
(a) Alt-1 Behaviour -A                                                          (b) Alt-1 Behaviour-B
[image: ][image: ]
(c) [bookmark: _Ref53952468]Alt-2 Behaviour -A                                                          (d) Alt-2 Behaviour-B
Figure 5: Performance of PEI signals and channels
As shown in Figure 5, for evaluation metric Alt-1 of Behavior A, if joint MDR performance of paging PDSCH with MCS#0 w/o TB scaling is considered as benchmark, all PEI options are qualified. while, if compared with perfoemance of PDSCH with MCS#0 w/ TB scaling=0.25, no PEI signals/channels are qualified. For joint MDR of Behavior B, DCI-based PEI outerperforms sequence based PEI due to almost zero FAR.
For Alt-2, i.e. to compare the MDR of PEI directly, the performance difference will be more obvious compared with that in Alt-1. Compared with paging PDCCH with AL=16, SSS-like or TRS-like PEI with 2 or 4 symbols and PDCCH with AL16, are quanlified PEI design options.
Observation 10: The performance of SSS-like based PEI and TRS-like based PEI outperforms that of DCI-based PEI.
4.2 Resource overhead
For the evaluation of resource overhead with PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, we give the estimation for PEI candidate designs based on the factors or assumptions as follows:
· [bookmark: OLE_LINK1]Assumption of Behavior A/B;
· Required #REs from performance evaluation described in section 3.1;
· Per PO paging rate is 10%;
· Dynamic PDCCH or PDSCH resource occupation to co-exist with legacy signals/channels is considered;
· PO and PEI can be one to one mapping or four to one mapping;
· Four UE subgroups are configured for each PO;
To further explain the co-existence of PEI with the legacy UEs, we hold the view that the network can avoid the collision by implementation, i.e. dynamic occupation of PDSCH resource or control resource. Also, another method is to configure the rate match patterns adopted in R15 for PEI resources.
As per the assumption above, Table 6 shows the two sets of resource overhead (unit: RE) with different PEI candidate designs and please note that the resource overhead refers to that of each PEI occasion. One set of the resource overhead is a baseline configuration with both one to one mapping for DCI-based PEI and sequence-based PEI. Another set is given due to the consideration for the different capacity of sequence and DCI. For fairness, we assume one to one mapping for PO and sequence-based PEI, and four POs associated with one DCI-based PEI. Additionally, the DCI size with 16 bits can be configured with a bitmap to indicate all subgroups respectively.
Given the results below, it can be observed that even four POs associated with one PEI is configured, DCI-based PEI design still consume the most resource. Besides, Behavior B will consume more PEI resources than Behavior A, which has been proved in section 3.1.
Table 6: Resource overhead of each PEI occasion with different PEI candidate designs
	PEI design
	Parameters
	Baseline: Resource overhead of each PEI occasion (unit: RE)
PO and PEI mapping manner:
1 to 1 for sequence-based PEI;
1 to 1 for DCI based PEI;
	Resource overhead of each PEI occasion (unit: RE)
PO and PEI mapping manner:
1 to 1 for sequence-based PEI;
4 to 1 for DCI based PEI;

	
	
	Behavior A
	Behavior B
	Behavior A
	Behavior B

	SSS like sequence
	· Length: 127
· Sequence: same as SSS
· Number of symbols (symbol): 2 or 4
	25.4/50.8 for 2/4 symbols
	228.6/457.2 for 2/4 symbols
	101.6/203.2 for 2/4 symbols
	914.4/1828.8 for 2/4 symbols

	TRS like sequence
	· Number of RBs: 48
· Number of symbols (symbol): 
· 2 symbols in a slot
· 4 symbols in 2 slots
· Density: 3 REs/RB
	28.8/57.6 for 2/4 symbols
	259.2/518.4 for 2/4 symbols
	115.2/230.4 for 2/4 symbols
	1036.8 for 2/4 symbols

	DCI
	· Aggregation level (AL): 8 or 16
· DCI size: 12 (minimum) or 40 bits (align with DCI 1-0)
	57.6/115.2 for AL 8/16
	518.4/1036.8 for AL 8/16
	198.1/396.3 for AL 8/16
	1782.9/3565.8 for AL 8/16



Observation 11: In the term of resource overhead of each PEI occasion, SSS-like sequence-based PEI will consume the least resource, TRS-like sequence-based PEI followed and DCI-based PEI comes last. 
4.3 Summary of PEI signal/channel designs
To conclude, from the perspective of the performance, SSS-like sequence and TRS-like sequence are both superior to PDCCH; In the term of resource overhead, SSS-like sequence-based PEI can consume the least physical resource compared to the other two PEI candidate design. Note that the resource overhead of two sequence-based PEI is very close; And for both sequence-based PEI and DCI-based PEI, there is no coexistence issue with legacy signals/channels by adopting dynamic PDCCH or PDSCH resource occupation. 
Intuitively, Table 7 summarizes the pros and cons of the three PEI candidate designs from aforementioned metrics. It is no doubt that sequence is preferred for PEI design.
Table 7: Summary of different PEI candidate designs
	PEI designs
Metrics
	SSS-like sequence-based PEI
	TRS-like sequence-based PEI
	DCI-based PEI

	Performance
	good
	good
	normal

	Resource overhead
	good
	good
	bad

	Coexistence
	good
	good
	good



Proposal 5: Sequence (i.e., SSS-like or TRS-like) should be adopted for PEI design.
As discussed in section 2.1 and evaluated in section 4.1, for sub-grouping indication, the grouping method by defining N sub-group specific sequence and 1 common sequence (i.e., representing the case that no less than two sub-groups need to be paged) is effective, which is similar as the UE grouping method specified for Rel-16 NB-IoT Group WUS. N refers to the total number of sub-groups. Additionally, a UE only need to correlate two sequences, i.e., one is the UE’s sub-group specific sequence and the other is the common sequence. Hence, the number of sequences required to detect by each UE does not increase with the sub-group number, and the performance of sequence-based PEI will not degrade meanwhile.
Proposal 6: Adopt the sequence-based grouping method introduced in Rel-16 NB-IoT as described in Table 1. With this method, UE only needs to detect the following two sequences of SSS-like or TRS-like PEI, if sub-groups are configured.
· The sub-group specific sequence, to indicate only the sub-group which the UE belongs to receive paging, and
· The common sequence, to indicate no less than two sub-groups to receive paging.
5. Other considerations for PEI signal/channel designs
5.1 Configuration of PEI occasion

 
Figure 6: The configuration for PEI occasion.
Regarding the configuration of PEI occasion, the gap between PEI and the first indicated PO should be considered to contain M SSB burst(s) for the purpose of doing some preparation work before PO reception. As shown in Figure 6, if PEI is configured between the first and second SSB burst, then the minimum gap needs to contain one or two residual SSB burst(s) before PO reception for T\F tracing and/or RRM measurement purpose. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK5]Proposal 7: The configuration of PEI occasion should satisfy that the gap between PEI and the first indicated PO contains M SSB bursts, where the value of M can be 1, 2, 3 etc.
5.2 TRS availability
As discussed in our companion paper [5], the availability indication for TRS/CSI-RS can also be transmitted in PEI, if connfigured. However, PEI for paging reception and TRS/CSI-RS are decoupled features for UE power saving, if the support/configuration for PEI is the precondition for the vailability indication for TRS/CSI-RS, which means TRS/CSI-RS availability can not be indicated when PEI is not configured. For an instance, some R17 UE may not support PEI feature, but it has the capability of supporting TRS/CSI-RS feature, thus TRS/CSI-RS availablity indication carried by PEI is unflexible and restricted for some cases. Idle/inactive UEs may need to support different implementations with or without PEI and with/without TRS/CSI-RS availability indication when PEI is configured, leading to additional complexity for UE implementation. Besides, whether the indication can be delievered in PEI also depends on the signal/channel design of PEI. If the PEI is a sequence, the number of bits can be delievered through a sequence is limited. Considering the paging subgrouping, SI update indication may be also delievered in PEI, the feasibility for availability indication through PEI should be further studied after the PEI signaling/channel design is settled.
Observation 12: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.
Observation 13: Feasibility of TRS/CSI-RS availability indication through PEI also depends on the signal/channel design of PEI, and it can be discussed after the details are settled.
6. Conclusion
In this contribution, we have discussed sub-grouping indication and PEI candidate physical signal/channel design from the aspects of Behavior A/B, power saving gain, resource overhead and coexistence, with the following observations and proposals:
Observation 1: Up to 5.35% or 10.12% additional power saving gain can be achieved by introducing the sub-grouping paging indication carried by PEI when the per PO paging rate is 10% or 20% respectively.
Observation 2: Adopting more than 8 sub-groups per PO will bring a marginal increase of power saving gain.
Observation 3: Grouping method introduced in Rel-16 NB-IoT can save the number of candidate sequence by defining a “common sequence” representing the case that no less than two sub-groups need to be paged.
Observation 4: Behavior B will consume 64.6%~80% more PEI resources than Behavior A when assuming the same power saving gain achieved by Behavior A/B.
Observation 5: Behavior B will result in more power consumption than Behavior A and even baseline paging scheme, when assuming its resource overhead is the same as that of Behavior A.
Observation 6: For Behavior B, the network shall guarantee the probability of sending PEI with go to sleep indication is larger than 79%, otherwise there is no power saving benefit to configure PEI for idle/inactive UE.
Observation 7: Sequence-based PEI can be well co-existed with legacy signals/channels.
Observation 8: Performance of sequence-based PEI will not degrade with the increasing of number of subgroups, if a common sequence is introduced to wake up no less than two sub-groups.
Observation 9: If the DCI size of DCI based-PEI is less DCI format 1-0/0-0, UE need to decode two DCI size in idle state. If the DCI size of DCI based-PEI is aligned DCI format 1-0/0-0, the performance of DCI-based PEI is less reliable.
Observation 10: The performance of SSS-like based PEI and TRS-like based PEI outperforms that of DCI-based PEI.
Observation 11: In the term of resource overhead of each PEI occasion, SSS-like sequence-based PEI will consume the least resource, TRS-like sequence-based PEI followed and DCI-based PEI comes last. 
Observation 12: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.
Observation 13: Feasibility of TRS/CSI-RS availability indication through PEI also depends on the signal/channel design of PEI, and it can be discussed after the details are settled.
Proposal 1: Sub-grouping indication carried in sequence-based PEI should be supported for paging enhancement. 
Proposal 2: 4 or 8 sub-groups configured per PO is preferred.
Proposal 3: The sub-grouping indication by using paging PDCCH should be excluded. And reply the LS sending from RAN2 as follow:
· From RAN1 perspective, the sub-grouping indication by using paging PDCCH should not be supported.
Proposal 4: Behavior A should be adopted for UE behavior of PEI detection.
Proposal 5: Sequence (i.e., SSS-like or TRS-like) should be adopted for PEI design.
Proposal 6: Adopt the sequence-based grouping method introduced in Rel-16 NB-IoT as described in Table 1. With this method, UE only needs to detect the following two sequences of SSS-like or TRS-like PEI, if sub-groups are configured.
· The sub-group specific sequence, to indicate only the sub-group which the UE belongs to receive paging, and
· The common sequence, to indicate no less than two sub-groups to receive paging.
Proposal 7: The configuration of PEI occasion should satisfy that the gap between PEI and the first indicated PO contains M SSB bursts, where the value of M can be 1, 2, 3 etc.
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The additional power saving gain by using sequence-based PEI in Low SINR case
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The additional power saving gain by using sequence-based PEI in High SINR case

paging rate=10%	2 sub-groups	4 sub-groups	8 sub-groups	16 sub-groups	9.0424403183024804E-3	1.3740053050397938E-2	1.6153846153846074E-2	1.7267904509283727E-2	paging rate=20%	2 sub-groups	4 sub-groups	8 sub-groups	16 sub-groups	1.7135416666666625E-2	2.661458333333333E-2	3.1354166666666794E-2	3.3906250000000027E-2	paging rate=40%	2 sub-groups	4 sub-groups	8 sub-groups	16 sub-groups	3.0778894472361817E-2	4.926381909547739E-2	5.9464824120603166E-2	6.4829145728643289E-2	
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