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Introduction
In RAN1#105-e, it was agreed that maximum number of 8 paging subgroups per PO was supported. For paging indication to the paging subgroups in a PO, the possible indication schemes of candidate PEI designs was agreed. The power saving gains of different PEI candidate designs were summarized and the detailed agreements in [1] are listed in Appendix.
In this contribution, we first discuss the paging enhancement schemes. The PEI detection performance and power saving performance of sequence-based PEI and DCI-based PEI are evaluated respectively. The resource overhead evaluation and coexistence with existing channels/signals are provided. Based on the above evaluation results, it is proposed to support sequence-based PEI in Rel-17, and the detailed sequence-based PEI is provided. We also discuss on whether and how indication(s) to multiple POs and/or UE subgroups by one PEI. Finally, the PEI procedure and configuration are analyzed.

Paging early indication
The paging early indication (PEI) can provide substantial power saving gains and was agreed to be supported in RAN1#103 e-meeting. In this section, we further discuss the detailed designs of DCI-based PEI and sequence-based PEI.
The procedure of paging indication schemes in RRC_IDLE/Inactive mode
The general procedure of paging reception for RRC_IDLE/Inactive UE is shown as follows, 
IDLE/Inactive UE needs to wake up in advance before the configured Paging Occasion (PO) as shown in Figure 1 with the following steps: 
1) UE needs to set up the wakeup time before PO based on the expected preparation time of paging DCI and paging message decoding since UE does not know the exact camping cell and received signal quality of the PDCCH and PDSCH channels after the wakeup from long deep sleep. Moreover, most of UE components were shut down and the local oscillator is in free running during the deep sleep. During the preparation period before PO, UE needs to tune all components of the front-end processors in preparation of data reception (warm up) - The preparation period is designed to accommodate all the processing requirements.
2) Timing acquisition from SSB and coarse synchronization – UE is assumed to be out-of-sync from the network after long deep sleep (no synchronization after 160 – 320 ms) [2]. The local oscillator at the UE is in free running mode without the calibration of frequency stability from DL received signals. UE uses the timing reference generated from local oscillator for cell search and timing acquisition. UE would use the first detect SSB for the initial timing acquisition and AGC tuning after long sleep through the peak detection of the PSS/SSS.
3) Frequency and time tracking after coarse synchronization – After coarse synchronization, UE starts the front-end algorithm for frequency and time offset estimation.
4) Calibration of local oscillator – the reference timing clock from local oscillator needs to be calibrated by the received signals with time and frequency offset fine tuning to correct the frequency drift of the local oscillator in achieving 0.1 ppm frequency stability requirements. UE needs to use additional SSB with frequency and timing offset fine tuning in order to achieve the calibration of local oscillator.
5) Time and frequency offset compensation of receiving signals.
6) Demodulating/decoding the paging DCI from PDCCH for paging indication.
7) Demodulating/decoding PDSCH and retrieve the paging information. 
8) If UE ID is included in the paging message, UE performs the subsequent processing, such as contention-based PRACH etc. Otherwise, UE goes back to sleep. 
RRM measurement could be performed during SMTC window when UE wakes up to decode the paging message. Meanwhile, RRM measurement enhancement can be performed, such as increase the RRM measurement periodicity for no/low mobility UE based on Rel-16 optimization schemes.


Figure 1: Illustration of paging reception procedure in Rel-16

DCI-based PEI:
DCI-based PEI is the paging early indication in the content of DCI format for UE to decode before the paging occasion. The decoding of DCI format is a coherent demodulation with polar decoding. The performance requirement of channel compensation for DCI-based PEI is the same as that of DCI format 1_0 decoding for paging DCI. TRS/CSI-RS configured for CONNECTED mode UE could be configured for UE in RRC_IDLE/Inactive state to perform time and frequency tracking. TRS/CSI-RS in RRC_ IDLE/Inactive mode could be used to assist PDCCH-based paging indication for paging reception indication as well as reducing the false alarm. The procedure of TRS/CSI-RS assisted PDCCH-based paging indication is shown in Figure 2. In the procedure, one or more SSB and TRS/CSI-RS can be used in combination to perform channel tracking and local oscillator calibration. PDCCH-based paging indication could indicate UE whether or not to monitor paging PDCCH in the subsequent PO. When UE receives PDCCH-based paging early indication, UE will be indicated to wake up and decode PDCCH/PDSCH carried paging message at next paging occasion. Otherwise, UE continues to sleep after PDCCH-based paging indication reception. The related procedure is shown as following figure.


Figure 2: Illustration of paging reception with TRS/CSI-RS assisted DCI-based paging indication
One company assumes that the DCI-based PEI is placed between the first SSB and the second SSB before the PO in [3], even the DCI-based PEI is assumed to be embedded in the first SSB. Based on RAN4 LS [4], we can see that CONNECTED mode UE needs to perform AGC and channel tracking with minimum gap of RSs of 2 slots or 2ms for measurement cycle more than 160ms. Thus, IDLE/Inactive UE cannot simultaneously perform AGC and channel tracking by the first SSB for DCI-based PEI detection. At least one SSB for AGC and the other SSB for channel tracking are needed. Some companies comment that sequence-based PEI should also make the same assumption that at least 2 SSBs are required to perform AGC and channel tracking, which is similar to DCI-based PEI. But the key difference between the sequence-based PEI and DCI-based PEI is that the non-coherent detection for sequence-based PEI does not need to full channel compensation of time and frequency error, thus one SSB for AGC and coarse synchronization would be sufficient for sequence-based PEI. However, the coherent detection for DCI-based PEI needs at least 2 SSBs to get the initial time and frequency offset estimation. In addition, as the illustration of paging reception procedure in Figure 1, UE needs to perform the AGC, time/frequency tracking and estimation, time/frequency offset compensation, clock drifting calibration and sampling interval adjustment based on 3 SSBs to achieve 0.1ppm frequency stability requirements before decoding the paging DCI regardless the SINR of the received signals. IDLE/Inactive UEs could not assume any channel condition after waking up from long sleep and risking miss-detection of paging DCI and paging message at PO. There is no difference in tolerance of frequency and timing errors for the decoding between DCI-based PEI and paging DCI. So to ensure the DCI-based PEI with reliable detection performance, 3 SSBs are also needed to compensate frequency offset before decoding the DCI-based PEI. For the high SINR case, 1 SSB may be enough in link level evaluation results when the initial frequency offset is low. However, it is not realistic for the UE to make such assumptions in the real deployment due to the UE cannot obtain its SINR accurately and the initial frequency offset may be high. Once the UE fails to decode the DCI-based PEI based on the SSB closest to its PO, it may miss the subsequent paging message. UE would be designed to support the worst case scenario and not make an ideal assumption of only receive 1 SSB before its PO for PEI decoding. UE needs to wake up early enough to ensure sufficient SSBs for frequency offset compensation in general to handle the case of low SINR and large initial frequency offset. Therefore, it is necessary to receive 3 SSBs before DCI-based PEI, as shown in Figure 2.

Sequence-based PEI:
The sequence-based PEI used the existing RS types, such as SSS or TRS/CSI-RS for the paging early indication. The detection of sequence-based PEI is a non-coherent peak detection based on the correlation with the received signals, similar to PSS/SSS detection. Furthermore, the sequence-based paging indication is also considered as a candidate for reducing paging reception in achieving UE power saving as shown in Figure 3. In Figure 3, the sequence-based paging indication is not only used for paging indication through non-coherent detection but also as the reference signals for channel tracking. The sequence-based paging indication can be combined with SSB to indicate UE whether to decode the subsequent PDCCH/PDSCH. If UE detects the paging early indication, UE would wake up to decode the paging DCI and paging message. Otherwise, UE continues sleeping and not to monitor the PDCCH and decode paging DCI. One SSB burst set along with sequence-based PEI are used for AGC, frequency/time tracking and compensation to support RRM measurement and channel tracking. Its procedure is shown in the following Figure 3.


Figure 3: Illustration of paging reception with sequence-based PEI and channel tracking
According to the descriptions of two paging indication schemes, TRS/CSI-RS assisted PDCCH-based paging indication and sequence-based paging indication, UE can reduce the unnecessary Paging message reception via the paging indication. 

Behavior-A and behavior-B for PEI
In RAN1#103-e, it was agreed that the physical layer design of PEI is based on DCI, SSS or TRS/CSI-RS. For evaluation and comparison of the different PEI candidate designs, behavior-A and behavior-B are agreed in RAN1#104-e as following.
	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



For behavior-A, PEI is a wake up signal, and gNB only transmits PEI when one or more UEs in the group are paged in the PO. Otherwise, gNB does not need to transmit PEI. 
For behavior-B, UE is required to monitor the PEI at one or more PEI occasion(s) within the PO. Regardless paging rate is low or high, if PEI is not transmitted, UEs will wake up and follow legacy paging procedure. In order to save power of these UEs, the PEI should be transmitted to all UEs at each PO and all cells in the registration area to indicate whether UE should wakeup to decode paging DCI and paging message or go back to sleep. Thus, the PEI is an always-on signal and need to have blank transmission to all cells for behavior-B. gNB needs to transmit PEI regardless whether there is a paging message for any UE at each PO. It is worth noting that paging is a low probability event. gNB will not transmit paging messages in the most of time. Compare to behavior-B, the on-demand PEI transmission for behavior-A is reasonable where PEI is only transmitted when UE is paged in a PO. Behavior-A should be the behavior for the PEI study.
Observation 1: For behavior-B, UE expects to receive PEI at every PO to determine whether to wake up or go back to sleep. If PEI is not detected by UE, UE falls back to proceed with the legacy paging procedure.
Proposal 1: For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, Behv-A is supported. 
· 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

Link level evaluation for PEI
In RAN1#104-e, the joint miss-detection rate (MDR) of PEI and paging DCI was agreed as the performance metric. MDR of PEI is agreed to be taken as optional metric. In this section, the link level evaluation of DCI-based PEI and sequence-based PEI are evaluated, behavior-A is assumed.
The simulation assumptions for detection performance
Based on the agreements in RAN1#102 e-meeting, the following simulation assumptions are used. And simulation results are provided according to chairman’s agreement assumptions.
Table 1: The LLS simulation assumptions
	Parameters
	Values

	Carrier Frequency
	4GHz (FR1)

	Transmission BW
	20MHz (FR1)

	Antenna Configuration
	2T/4R

	Subcarrier spacing
	30kHz

	Channels
	TDL-C 
300 ns delay spread
100 Hz Doppler shift

	Residue frequency error
	PEI with 0.5 ppm, paging DCI with 0.1 ppm
Paging PDSCH with no frequency error

	Paging PDCCH configuration
	AL8, 41 info + 24 CRC bits, REG bundle size 6

	Paging PDSCH configuration
	Mapping type A, MCS 0, 48 PRB, TBS scaling 1&0.5, DMRS type 1 with 2 additional DMRS

	DCI-based PEI configuration
	AL=4(288 REs)/8(576 REs)/16(1152 REs)
41 info + 24 CRC bits, or 12 info +24 CRC bits
REG bundle size 6

	TRS-based PEI configuration
	Number of RBs: 48
Number of symbols:
1. 2 symbols in a slot(288 REs)
Density: 3 REs/RB



When IDLE UE is out of synchronization with the network after long deep sleep, the potential frequency error could be more than 1 ppm. After cell search and time/frequency offset compensation from several SSBs, the frequency error would be reduced to below 1 ppm when UE has performed the NAS procedure for authentication. For evaluating the detection performance of PEI candidate designs, since the SSB or TRS may be configured between PEI and paging DCI for UE power saving, the frequency error of paging DCI is smaller than PEI after the time/frequency offset compensation during PEI detection and decoding. The assumptions of frequency error are as following:
· The frequency error of 0.5 ppm is at the PEI and 0.1 ppm at paging DCI. 
In order to not impact to final paging PDSCH reception, the joint MDR of candidate PEI designs should be no worse than the paging PDSCH detection performance at 1% MDR. For paging PDSCH, frequency error is assumed to be less than 0.1 ppm after successful PEI and paging DCI decoding.
Detection performance of DCI-based PEI and sequence-based PEI
The PEI can provide substantial power saving gain and is supported in RAN1#103 e-meeting. It is FFS whether the PEI is DCI-based or sequence-based. The Link level simulation with residue frequency error is performed to compare the DCI-based and sequence-based PEI detection performance. 
For DCI-based PEI, sub-grouping is supported by including additional bits for the sub-group indication within the DCI. The sequence-based PEI supports the indication of sub-grouping by transmitting different sequence for each sub-group at same radio resource. When the sub-grouping is supported in PEI, the DCI size and the number of sequences transmitted in a resource can have the impact on the PEI detection performance. For DCI-based PEI, the number of bits in the DCI payload increases in proportion to the number of subgroups. Since the DCI size budget is limited at 4, the number of bits in the DCI size would be the next matched DCI size in the step wise incremental, such as 12 and 41, and could not be arbitrarily increased based on the number of paging sub-groups. For UE in IDLE mode, UE only monitor common search space when UE is not configured with C-RNTI. The DCI size budget should not be an issue for IDLE mode UE. However, the DCI size budget for Inactive state UE might require network to align the size of DCI-based PEI to other size since Inactive state UE is configured with C-RNTI. The detection performance of DCI-based PEI would be subject to the quantized DCI size in the DCI size budget. In our detection performance evaluation of sequence-based PEI, it is assumed that only one sequence is transmitted in the same resource at a given time. Even if supporting sub-grouping in sequence-based PEI, no more than one sequence will be transmitted in the allocated resource is a good design shown in Section 4, the false alarm probability of the sequence-based PEI is negligible. 
The frequency error of 0.5 ppm is at PEI and 0.1 ppm at paging DCI. For DCI-based PEI, 41 bits PDCCH with AL of 4/8/16 and 12 bits PDCCH with AL of 4/8/16 are evaluated. For sequence-based PEI, TRS with 1slot and 2 symbols are evaluated.
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(a): Alt 1(Mandatory metric)                               (b): Alt 2(Optional metric)
Figure 4: Detection performance of 41 bits DCI-based PEI and sequence-based PEI with behavior-A
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(a): Alt 1(Mandatory metric)                               (b): Alt 2(Optional metric)
Figure 5: Detection performance of 12 bits DCI-based PEI and sequence-based PEI with behavior-A
From Figure 4 and Figure 5, when the MDR of paging PDSCH is 1%, the corresponding SNRs for paging PDSCH with TBS scaling 1 and 0.5 are -7.8dB and -10.1dB, respectively. The joint MDR should be no worse than the paging PDSCH performance, it could be observed that
· Regardless DCI-based PEI has 41 or 12 bits payload, the radio resource in terms of number of RE for DCI-based PEI with AL of 4 and the sequence-based PEI are same. However, both 41 bits DCI-based PEI and 12 bits DCI-based PEI with AL of 4 cannot meet the requirement of joint MDR performance comparing to that of paging PDSCH with TBS scaling 1 at 1% MDR and paging PDSCH with TBS scaling 0.5 at 1% MDR, but the sequence-based PEI has better performance than the paging PDSCH with TBS scaling 1 at 1% MDR. When the radio resource of DCI-based PEI and sequence-based PEI are the same, the sequence-based PEI has higher miss-detection performance gain over that of the DCI-based PEI regardless of joint MDR in Alt1 or MDR in Alt2. 
· Regardless DCI-based PEI has 41 or 12 bits payload, the amount of the radio resource used for DCI-based PEI with AL of 8 is twice that of sequence-based PEI. However, both 41 bits DCI-based PEI and 12 bits DCI-based PEI with AL of 8 achieve better joint MDR than that of paging PDSCH with TBS scaling 1 at 1% MDR but are worse than that sequence-based PEI. For paging PDSCH with TBS scaling 0.5, both DCI-based PEI with AL of 8 and sequence-based PEI cannot meet the requirement of paging PDSCH in Alt1. Thus, even if the radio resource used for DCI-based PEI with AL of 8 is more than that of sequence-based PEI, the sequence-based PEI provides higher miss-detection performance gain than that of the DCI-based PEI regardless of joint MDR in Alt1 or MDR in Alt2.
· [bookmark: OLE_LINK103][bookmark: OLE_LINK104]Regardless DCI-based PEI has 41 or 12 bits payload, the amount of the radio resource used for DCI-based PEI with AL of 16 is four times than that of sequence-based PEI. Both DCI-based PEI and sequence-based PEI achieve better joint MDR performance than that of paging PDSCH with TBS scaling 1 at 1% MDR. For paging PDSCH with TBS scaling 0.5, both DCI-based PEI with AL of 16 and sequence-based PEI cannot meet the requirement of paging PDSCH in Alt1. For joint MDR performance in Alt1, the detection performance of DCI-based PEI with AL of 16 is similar to that of sequence-based PEI. When the detection performance of DCI-based PEI is similar to that of sequence-based PEI in either joint MDR performance in Alt1, the resource overhead of DCI-based PEI is far more than sequence-based PEI. 
[bookmark: OLE_LINK99][bookmark: OLE_LINK100]In Rel-15, the DCI size budget is 4 with up to 3 DCI sizes with CRC scrambled by C-RNTI. The 3+1 DCI size budget is also followed by Rel-16 features with new DCI formats, such as URLLC and UE power saving. Thus, following the similar principle, for the paging enhancement in Rel-17, the DCI-based PEI size should be constraint by 3+1 DCI size budget and has to be aligned the size with other DCI formats, e.g. SI or paging PDCCH. However, one company in [5] states that the DCI-based PEI is only intended to be monitored by the UEs in RRC IDLE/Inactive states where only DL fallback DCI format DCI 1_0 is used, and the DCI-based PEI does not impact the currently specified DCI size budgets. This is true prior to Rel-17. In Rel-17, the following agreements has been agreed in [6][7] for the small data transmission discussion. Based on these agreements, it is clear that the RRC_Inactive state UE shall monitor the UL/DL grant scrambled by C-RNTI after successful completion of the RACH procedure. If the RRC_Inactive state UE monitors 3 sizes of DCI formats with CRC scrambled by C-RNTI, the DCI-based PEI should be aligned the size with the DCI scrambled by P-RNTI to ensure that the DCI budget is not affected. Thus, it is not reasonable to assume the DCI-based PEI has 12-bit payload.
	Agreements [6]
UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported.

When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant. FFS on details and whether any indication to network is needed.

	Agreements [7]
For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI.



The detection performance comparisons of sequence-based PEI and DCI-based PEI based on Behavior-B and paging PDCCH with AL 16 assumptions are shown in our combination contribution [8].
Observation 2: Sequence-based PEI shows better detection performance than that of DCI-based PEI regardless of joint MDR of Alt 1 or MDR of Alt 2.

Power saving performance for PEI
The PEI can provide substantial power saving gain. In this section, the power saving performance of DCI-based PEI and sequence-based PEI are evaluated. 
The simulation assumptions for power saving gain
The simulation assumptions are listed in Table 2 and others are as those listed in TR 38.840. Different paging cycles, i.e. 32rf, 64rf, 128rf, 256rf, are evaluated, respectively.
Table 2: System parameter assumptions for Paging configuration
	Parameter
	Assumption

	Numerology
	30KHz, FR1

	SSB
	2SSB per slot, maximum 3SSB burst set.
20ms period

	Paging cycle
	32rf, 64rf, 128rf, 256rf

	Group paging rate
	0.1

	RRM measurement cycle
	4(32rf), 2(64rf),1(128rf,256rf) with RRM measurement

	SMTC
	5ms

	MGL
	6ms



The power saving gain of two paging early indication schemes, i.e. DCI-based and sequence-based, are provided and the general paging procedure in Rel-16 is taken as the performance baseline. The evaluation cases are listed as following. 
· Case 1: Rel-16 paging procedure as the baseline.
· Case 2: DCI-based PEI. The TRS/CSI-RS assisted DCI-based paging indication based on additional TRS/CSI-RS. 
· Case 3: Sequence-based PEI. The sequence-based paging indication is used for channel tracking and paging indication.

Evaluation results of DCI-based PEI
In the DCI-based PEI scheme, the DCI-based PEI indicates whether UE receives paging or not in this paging cycle with TRS/CSI-RS assisting UE in performing channel tracking for PDCCH decoding. As analyzed in Section 2.1, UE needs to perform the frequency offset compensation based on three SSBs before decoding the paging DCI. There is no difference in frequency compensation in meeting the decoding performance requirements between DCI-based PEI and paging DCI. To ensure the PDCCH with reliable detection performance, three SSBs is required to compensate the CFO, as shown in Figure 2. The power saving gain of DCI-based PEI with three SSBs assumption is shown in Figure 6.

Figure 6: Power saving gain of DCI-based PEI with group paging rate 0.1 under different paging cycle
From the results in Figure 6, we observe that
· The DCI-based PEI achieves power saving gain, i.e., 4.41%~10.07%. The power saving gain is from reducing unnecessary paging reception. Because DCI decoding and demodulation needs high reliability, the number of SSBs in the preparation period is similar to that for decoding of paging DCI to achieve the same PDCCH performance.
Evaluation results on sequence-based PEI
In the sequence-based PEI scheme, the sequence signal is used for tracking and paging indication. The performance result is shown in Figure 7.

Figure 7: Power saving gain of sequence-based PEI with group paging rate 0.1 under different paging cycle
From the results in Figure 7, we observe that
· The sequence-based PEI achieves power saving gain at 23.11%~51.59% power saving gain. The power saving gain is from reducing unnecessary paging reception and shortens the time in the preparation period since the non-coherent detection of sequence-based PEI has high tolerance of time and frequency error.

Observation 3: Sequence-based PEI could provide more power saving gains than DCI-based PEI.

Coexistence with existing channels or signals
· Coexistence with legacy PDSCH
In RAN1#104bis-e, the discussion mainly focused on the coexistence with existing channels or signals, and the following observation 1a was agreed.
	Observation 1a:
For the evaluation and comparison of PEI candidate designs, the following observations for coexistence with legacy PDSCH are identified: 
1. For coexistence with legacy PDSCH, semi-static resource sharing by configuring RB-symbol-level or RE-level rate-matching patterns covering PEI REs is supported for all PEI candidate designs.
1. For coexistence with legacy PDSCH, dynamic resource sharing can be realized for all PEI candidates if PDSCH is scheduled by DCI format 1_1
1. For PDCCH based PEI, CORESET-level rate matching can be realized for the PDSCH as per mandatory capability 
1. For SSS-based PEI, CORESET-level rate matching may be realized for the PDSCH as per mandatory capability, depending on the design of SSS-based PEI and UE capability regarding number of supported CORESETs 
1. For TRS/CSI-RS based PEI, RE-level rate matching can be realized for the PDSCH as per mandatory capability
1. When PDSCH is not scheduled by DCI format 1_1, it is up to gNB implementation whether and how PEI is transmitted in PDSCH resource



From Observation 1a, DCI-based PEI or sequence-based PEI can coexist with PDSCH used by legacy UE with semi-static resource sharing. DCI-based PEI or sequence-based PEI could also have dynamic resource sharing with PDSCH used by legacy UEs when PDSCH is scheduled by DCI format 1_1. When no PEI is transmitted in PEI resource, the PEI resource can also be schedule to other Rel-17 UEs for other purposes. It is up to gNB implementation. Therefore, sequence-based PEI can co-exist well with legacy PDSCH and the PEI resource can be fully utilized when no PEI is transmitted in the PEI resource.
Observation 4: DCI-based PEI or sequence-based PEI can coexist with dynamic resource sharing with PDSCH used by legacy UE if it is scheduled by DCI format 1_1 or Rel-17 UEs.

· Resource sharing of CORESET between DCI-based PEI and DCI used by legacy UE
In RAN1#105-e, how different PEI designs dynamically share PDCCH resources of Rel-15 UEs has been discussed, and the following observation was agreed.
	Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)
· For PDCCH-based PEI, 
· PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 
· Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc.
· For SSS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates
· Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc.
· For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity
· Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern, relative size and location of PDCCH CORESET, etc.)


[bookmark: OLE_LINK107][bookmark: OLE_LINK108]In RAN1#104bis-e and RAN1#105-e, there are discussions of coexistence and resource sharing of PEI and CORESET used by legacy PDCCH. DCI-based PEI sharing resources with CORESET may cause PDCCH blocking issue even if the sharing is at candidate level granularity. The resource sharing of CORESET for different DCI formats for different DL control information have been the target design and implemented since LTE and carried over to NR system design. The radio resource of UE-specific CORESET and common CORESET/other UE-specific CORESET are semi-static configured for dynamic multiplexing of different DCI formats with UE in different geometry. Different PDCCH candidates within shared CORESET are potentially used for different UEs. The traffic arrivals are very robust, which either no traffic arrives most of time or a lot of traffic arrival at the same time. When large amount of traffic arrives in the same time, there are probably not enough PDCCH candidates for DCI-based PEI. Once the CORESET used for scheduling legacy UE is shared by DCI-based PEI, the legacy PDCCH blocking probability will be increased especially the DCI-based PEI with AL8 or AL16 in order to not impact to final paging PDSCH reception. Since DCI-based PEI needs at least AL8 or AL16 to ensure the performance, the remaining resources in the CORESET may not be enough for legacy PDCCH transmission. Therefore, it is pseudo candidate level granularity sharing when DCI-based PEI with large aggregation level. In the real scene, DCI-based PEI is also possible share resources with PDCCH for Rel-15 UE at CORESET level granularity. So both DCI-based PEI and sequence-based PEI can share resource well with PDCCH for Rel-15 UE at candidate or CORESET level granularity. 
Observation 5: DCI-based PEI or sequence-based PEI can share resource well with PDCCH for Rel-15 UE. 
· Resource sharing of TRS used by legacy UE and TRS-based PEI
For coexistence with legacy TRS, the TRS-based PEI could fully or partially reuse the same TRS resource configured for legacy UE. When TRS-based PEI and legacy TRS use same resource, TRS-based PEI and legacy TRS can use different orthogonal cover codes, such as Walsh code, for differentiation as they transmitted in the same resource. For example, the Walsh code with all “1” is used by legacy TRS and another Walsh code is used by TRS-based PEI. TRS resource can be shared by TRS used by legacy UE and TRS-based PEI, which makes TRS-based PEI without additional resource overhead. The detailed sequence-based PEI design is given in Section 3. 
Observation 6: Resource sharing of TRS used by legacy UE and TRS-based PEI allows TRS-based PEI without additional resources.
Proposal 2: The sequence-based PEI can co-exist well with existing channels and signals.

[bookmark: OLE_LINK16][bookmark: OLE_LINK19]Resource overhead evaluation for PEI
In RAN1#104-e, it was agreed that companies need to evaluate the resource overhead of PEI candidate designs. The resource overhead evaluation is based on the evaluation assumptions of behavior-A and 10% group paging rate. PEI indication to multiple POs and sub-grouping are not part of this analysis. 
Based on the joint MDR evaluation results of DCI-based PEI and sequence-based PEI in Section 2.3.2, in order not to impact the performance of legacy paging PDSCH with TBS scaling 1, the aggregation level should be at least 8 for 12-bit and 41-bit DCI-based PEI. Since CORESET resources are semi-statically configured, the REs configured for CORESET could be used by other UE’s scheduling or for PDSCH transmission only when the entire CORESET is not used by any UE. If the configured CORESET for DCI-based PEI is shared with other UEs for DL/UL scheduling, the CORESET resource not used by other UE for scheduling or by PDSCH could not be excluded from the PEI overhead calculation even when no DCI-based PEI is transmitted due to no paging. In NR deployment, one UE is scheduled more than 50% of time due to fast processing and high speed data rate. Most of time, the CORESET resources are provisioned for around 10 UEs scheduled in the time to minimize the PDCCH blocking. Thus, the CORESET resources configured for DCI-based PEI could not be excluded from the overhead calculation if the CORESET resources are not used by other UE’s scheduling or by PDSCH. 
In addition, when DCI-based PEI coexisted with PDSCH used by legacy UEs and existing rate matching method is used, it is worth note that the reserved resource is a total CORESET rather than a specific PDCCH candidate. In 38.331, controlResourceSet is used as a PDSCH rate matching pattern, i.e., PDSCH reception rate matches around it. Fields other than controlResourceSet are omitted in following. So the worst resource overhead for DCI-based PEI is the CORESET REs when semi-static rate matching method is used. For DCI-based PEI with dynamic resource sharing of CORESET used by legacy UE, the worst resource overhead for DCI-based PEI should also be the CORESET REs when the CCEs is not used by other UEs for DL/UL scheduling. The CORESET REs are at least 1152 REs when aggregation level with 16 is supported. However, the CORESET REs with 1152 REs are an ideal assumption, and the CORESET is probably configured as the sharing CORESET for different DCI formats.
	RateMatchPattern
The IE RateMatchPattern is used to configure one rate matching pattern for PDSCH, see TS 38.214 [19], clause 5.1.4.1.
RateMatchPattern information element
-- ASN1START
-- TAG-RATEMATCHPATTERN-START

RateMatchPattern ::=                SEQUENCE {
    rateMatchPatternId                  RateMatchPatternId,

    patternType                         CHOICE {
        …
        controlResourceSet                  ControlResourceSetId
    },
    …
}

-- TAG-RATEMATCHPATTERN-STOP
-- ASN1STOP



TRS-based PEI with 2 symbols and SSS-based PEI with 2 symbols both satisfy the paging PDSCH performance with TBS scaling 1. If TRS-based and SSS-based PEI is not transmitted due to no paging for the paging group, the TRS/SSS resources could be used by PDSCH dynamically since Rel-15. Thus, the average overhead of TRS-based and SSS-based PEI could be reduced to 10% of total number of REs (e.g., 28.8 REs) with 10% paging rate. The TRS-based PEI could use the same TRS resource configured for legacy UEs with additional orthogonal cover as details in Section 3. The overhead of the TRS-based PEI could be considered as “0” since no additional overhead is required for TRS-based PEI. 
The resource overhead calculation should satisfy the following formula with the results summarized in Table 3. For semi-static configuration, the resource occupation probability is 1, and the resource occupation probability is same as the group paging rate for dynamic configuration. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK32]Table 3: Resource overhead evaluation for PEI without assuming the support of multiple POs and sub-grouping 
	PEI candidate designs
	Resource overhead(semi-static)
	Resource overhead(dynamic)

	PDCCH-based PEI(12 bits)
	576REs
	57.6 – 57.6 REs (overheads still count when CCEs reserved for PEI are not used by other UEs or by PDSCH when no paging)

	PDCCH-based PEI(41 bits)
	576REs
	57.6 – 576 REs (overheads still count when CCEs reserved for PEI not are used by other UEs or by PDSCH when no paging)

	TRS-based PEI
	0 or 288REs
	0 or 28.8REs



Observation 7: The resource overhead of sequence-based PEI is not greater than that of DCI-based PEI when sub-grouping is not considered for one PO associated with one PEI.

In summary, Table 4 shows the comparison of PEI candidate designs from the detection performance, power saving gain, coexistence with existing channels/signals and resource overhead views. 
· Regarding the detection performance, sequence-based PEI shows better detection performance than that of DCI-based PEI in joint MDR performance of Alt 1.
· Regarding the power saving gain, sequence-based PEI provides more power saving gains than that of DCI-based PEI.
· Regarding the PEI coexistence with legacy signals/channels, all PEI candidate designs can co-exist well with existing channels and signals.
· Regarding resource overhead:
· When the resource overhead of sequence-based PEI comparing to that of DCI-based PEI, the sequence-based PEI with dynamic resource sharing with PDSCH could have less overhead and better detection performance than those of DCI-based PEI。
· When the detection performance of sequence-based PEI is similar to that of DCI-based PEI, the resource overhead of sequence-based PEI is much smaller than that of DCI-based PEI in average.
Thus, the sequence-based PEI should be applied to Rel-17 IDLE/Inactive mode power saving.
Table 4: Comparison of PEI candidate designs without assuming the support of multiple POs and sub-grouping
	PEI candidate designs
	Detection performance(the SNR at JMDR=1% without paging performance influence)
	Power saving gain
	Coexistence
	Resource overhead

	DCI-based PEI(12 bits)
	-8.3dB(AL=8 for Alt 1)
	4.41%~10.07%
	PDSCH, PDCCH 
	576 REs(semi-static)
57.6 - 576 REs(dynamic)

	DCI-based PEI(41 bits)
	-7.9dB(AL=8 for Alt 1)
	4.41%~10.07%
	PDSCH, PDCCH
	576 REs(semi-static)
57.6 - 576 REs(dynamic)

	TRS-based PEI
	-8.3dB(Alt 1)
	23.11%~51.59%
	PDSCH, PDCCH,TRS/CSI-RS
	0 or 288 REs(semi-static)
0 or 28.8 REs (dynamic)



Proposal 3: The sequence-based PEI should be adopted in Rel-17 for UE in IDLE/Inactive mode for UE power saving.

Sequence-based PEI design
The TRS-based PEI is to use one set of TRS resource to indicate the paging indication. The paging indication could be obtained from the detection of the present or not present of TRS-based PEI at a given cell, which TRS-based PEI is transmitted in a given cell when there is a paging message for any member of UEs in the group as in the Behv-A. Another alternative of paging indication from TRS-based PEI is to support two codepoints with one indicating paging and the other indicating no paging as in Behv-B. Moreover, TRS-based PEI should also support multiple code points for indicating paging to the selected subset of UEs, such as paging subgrouping or multiple paging occasions. Thus, the TRS-based PEI is designed to support multiple code points for indicating the select subset of paging subgroups or paging occasions. Several alternatives in design a TRS-based PEI using one radio resource in indicating multiple codepoints are as follows,
· Each code point of PEI is represented by one sequence – TRS-based PEI would use the TRS-pattern with the sequence generation function could use the generation function similar to the CSI-RS initialization or SSS. UE would be indicated with number of sequences to associate with the number of codepoints for indicating the paging subset of UEs or paging occasions. 
· Each code point of PEI is represented by one orthogonal cover – TRS-based PEI is generated same as that of TRS with additional orthogonal cover, such as Walsh cover. A length of orthogonal cover, such as length 16 or 128, on a TRS sequence could generate multiple numbers of code points for the paging indication to the paging subset of UEs or paging occasions. The code point could also use to indicate the combination of multiple paging subgroups, such as combination of paging subgroups 1 and 5 out of total 8 paging subgroups.
The resource of TRS-based PEI could fully or partially share the same TRS resource configured for legacy UE. In another word, the TRS resource for Rel-17 PEI could be configured for TRS used by Rel-17 UEs or legacy UEs. When TRS-based PEI and TRS for legacy UEs use same resource, TRS configured for legacy UEs maintains the same sequence generation. The TRS-based PEI could be generated and transmitted in the following way,
· [bookmark: _Hlk71014539]Each code point of PEI is represented by one sequence – TRS is a gold sequence with very low cross correlation. The TRS for legacy UE and TRS-based PEI could transmit in the same sequence with very low cross-interference to each other, which is similar to inter-cell interference between two TRS in the same REs of two neighboring cells. When TRS for legacy UE and TRS-based PEI are transmitted in the same REs, 3 dB power boost for the combined signals could ensure the performance of both TRS. 
We evaluate the detection performance of multiple sequence-based PEI in a resource. The simulation assumptions are shown in Table 5. 
[bookmark: OLE_LINK110][bookmark: OLE_LINK111]Table 5: The LLS simulation assumptions
	Parameters
	Values

	Carrier Frequency
	4GHz (FR1)

	Transmission BW
	20MHz (FR1)

	Antenna Configuration
	2T/4R

	Subcarrier spacing
	30kHz

	Channels
	TDL-C 
300 ns delay spread
100 Hz Doppler shift

	Residue frequency error
	no frequency error

	TRS-based PEI configuration
	Number of RBs: 48
Number of symbols:
1. 1 symbols in a slot(144 REs)
Density: 3 REs/RB



For TRS-based PEI, one sequence and two sequences transmitted in a resource are evaluated with the results shown in Figure 8. When there are two sequences transmitted simultaneously in a resource, the performance loss of two sequences transmission is about 0.1dB compared to one sequence transmission at BLER=1%. The performance loss can be negligible.
[image: ]
Figure 8: detection performance of multiple sequence-based PEI in a resource
Each code point of PEI is represented by one orthogonal cover – The orthogonal cover codes, such as Walsh code, are used for differentiation of TRS for legacy UE and TRS-based PEI as they transmitted in the same resource. The Walsh code with all “1” is used by legacy TRS and another Walsh code is used by TRS-based PEI. There is no cross-code interference between to two orthogonal cover when they are transmitted in the same resource. When TRS for legacy UE and TRS-based PEI are transmitted in the same REs, 3 dB power boost for the combined signals could ensure the performance of both TRS.
· Multi-segment orthogonal code - The length of TRS sequence for PEI used for evaluation is 144 at 2 OFDM symbols. The length of Walsh code is a power of 2. Thus, length 144 TRS-based PEI sequence could be covered by multiple orthogonal covers, such as length 128 and 16 Walsh code as shown in Figure 9. Each segment of orthogonal cover could generate a set of code points, such as 128 and 16. The indication of paging subgroups or paging occasions could use the combination of code points multi-segment orthogonal cover. Using two segments with length 128 and 16 Walsh code for orthogonal cover in combination for code point mapping could generate 2048 (211) code points with one OFDM symbol. If both OFDM symbols are used with four segments of orthogonal covers for code point generation, it could generate 222 code points. The number of code points is sufficient large enough to indicate either or all paging subgroup/subgroup combination, paging occasions/occasions combination, and TRS availability indication.
[image: ]
Figure 9: TRS-based PEI with Multi-segment orthogonal cover
Proposal 4: The number of code points generated from multi-segment orthogonal cover is up to 222 to indicate either or all paging subgroup/subgroup combination, paging occasions/occasions combination, and TRS/CSI-RS resource availability indication with the same detection performance.

Paging Sub-grouping
The PEI could be used as early indication of subsequent paging reception. However, more than one UEs share the same PO. Once one or more UE within the groups sharing the same PO is paged, PEI will indicate all UEs to decode the paging DCI and PDSCH. Sub-grouping intends to further partition UEs into multiple sub-groups to reduce the probability of wakeup caused by paging of other UEs within the group. The UEs sharing the same PO are divided to different sub-group UEs. In RAN1#105-e discussion, maximum of 8 subgroups per PO is supported. However, it is not agreed that the sub-group indication is carried in PEI or paging DCI. Based on RAN1#103 agreements, PEI with sub-grouping can obtain 0.6%~4.7% additional power saving gains with respect to PEI without sub-grouping when paging rate is 10%. However, sub-group indication carried in paging DCI is only obtain 0.3%~1.1% power saving gain. So it is reasonable that sub-group indication is carried in PEI.
Proposal 5: Sub-grouping is indicated in sequence-based PEI.
In RAN1#105-e, the sub-group indication schemes by different PEI candidates have been agreed. For TRS-based PEI, three alternatives are agreed to indicate sub-group. The following is the part of the agreement related to TRS-based PEI, other parts are omitted.
	Agreements:
For paging indication to the subgroups in a PO,
…
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
0. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
0. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
0. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
…



Group WUS is supported in NB-IoT Rel-16. Different sequences are used to indicate different UE groups sharing the same PO. A UE supporting Group WUS can be configured to monitor a group WUS and a common WUS. Upon detecting either of them, UE shall monitor POs. The TRS-based PEI with sub-grouping can refer to the Group WUS design. Single TRS-based PEI with multi-segment orthogonal code is transmitted in a resource at a given time to indicate one sub-group or subgroup combination from code point mapping, which is accord with Alt1 and Alt2 for TRS-based PEI. The design details for the orthogonal cover are described in Section 3.

Proposal 6: For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the combination of Alt1 and Alt2.
0. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
Mapping between sub-group and sequence-based PEI
For TRS/CSI-RS-based PEI, Sequence mapping design for supporting up to 8 sub-groups per PO and combination of sub-groups are for further study. In this section, a mapping design between sub-group and sequence-based PEI is given following. Based on the combination of Alt1 and Alt2, the whole TRS-based PEI design is that single TRS-based PEI with orthogonal cover is transmitted in a resource at one TRS resource to indicate one sub-group or sub-group combination. The TRS-based PEI is generated by TRS sequence with additional cover code, and one cover code can indicate one sub-group or sub-group combination. There is a one-to-one mapping between TRS-based PEI and cover code. The mapping between sub-group and TRS-based PEI is simplified to the mapping between sub-group and cover code.
In RAN2#114, it is agreed that CN is responsible for allocating UEs to UE paging sub-groups based on UE characteristics. When the CN chooses not to provide specific sub-grouping information, there will be configuration option where subgrouping can be supported by randomization (by UE-ID), as described in RAN2 LS. Therefore, we assume a UE can obtain a sub-group number by CN allocation or randomization in the following discussion and a PO is divided into G sub-groups. 
When more than one sub-group are paged, the common orthogonal cover of TRS-based PEI is transmitted. UE needs to detect the corresponding sub-group PEI and common PEI, and the sub-group PEI and common PEI can be determined by cover code index of sub-group PEI and common PEI respectively. The mapping between cover code index of TRS-based PEI and sub-group number is shown in Table 6, with G assumed to be 8. The calculation formulas are that: 
· Index_sub-group  =  sub-group number
· Index_common  =  G
Wherein, index_sub-group is the cover code index of sub-group TRS-based PEI, and index_common is the cover code index of common TRS-based PEI. Sub-group number is allocated by CN, and G is the sub-group numbers in a PO.
Table 6: The mapping between sub-group number and cover code index of TRS-based PEI
	Sub-group number
	Cover code index

	
	Cover code index of sub-group PEI
	Cover code index of common PEI

	0
	0
	8

	1
	1
	8

	2
	2
	8

	3
	3
	8

	4
	4
	8

	5
	5
	8

	6
	6
	8

	7
	7
	8



In addition, one cover code can indicate one sub-group combination, e.g., the TRS-based PEI can indicate 2 sub-groups or 4 sub-groups. Therefore, UE also needs to perform hypothesis testing of cover code in detecting paging sub group set, which is the combination of more than one paging subgroups, in addition to sub-group PEI and common PEI. If more than one sub-group are paged and these sub-groups are belongs to same sub-group set, then the corresponding sub-group set PEI is transmitted, otherwise, common PEI is transmitted. If sub-group set PEI is supported, the mapping between cover code index of TRS-based PEI and sub-group number is shown in Table 7, G is assumed as 8, and sub-group set PEI is assumed to indicate 4 sub-groups. The calculation formulas are that: 
· Index_sub-group  =  sub-group number
· Index_sub-group set = G + floor(sub-group number / X)
· Index_common  =  G + G/X
Wherein, index_sub-group is the cover code index of sub-group TRS-based PEI, index_sub-group set is the cover code index of sub-group set TRS-based PEI, and index_common is the cover code index of common TRS-based PEI. Sub-group number is allocated by CN, and G is the sub-group numbers in a PO, and X is the sub-group numbers indicated by a sub-group set TRS-based PEI.
Table 7: The mapping between sub-group number and cover code index if sub-group set PEI is supported
	Sub-group number
	Cover code index

	
	Cover code index of sub-group PEI
	Cover code index of sub-group set PEI
	Cover code index of common PEI

	0
	0
	8
	10

	1
	1
	8
	10

	2
	2
	8
	10

	3
	3
	8
	10

	4
	4
	9
	10

	5
	5
	9
	10

	6
	6
	9
	10

	7
	7
	9
	10



Therefore, the cover code index of TRS-based PEI is used in determining the paging sub-group, and then the TRS-based PEI is determined. Different cover code indices of TRS-based PEI indicate different sub-group/sub-group combination. The cover code index of TRS-based PEI is map to the sub-group or combination of subgroups.
Proposal 7: For one-to-one mapping between PEI and PO, the cover code index of sequence-based PEI is related to sub-group number allocated by CN or randomization.
The simulation assumptions for sequence-based PEI with sub-grouping
The simulation assumptions are listed in Table 8 and others are as that in TR 38.840. 
Table 8: System parameter assumptions for sequence-based PEI with sub-grouping
	Parameter
	Assumption

	Numerology
	30KHz, FR1

	SSB
	2SSB per slot, maximum 3SSB burst set.
20ms period

	Paging cycle
	128rf

	Group paging rate
	0.1, 0.4

	RRM measurement cycle
	1

	SMTC
	5ms

	MGL
	6ms



The power saving gain of sequence-based PEI with sub-grouping is provided. Rel-16 paging procedure (Case 1) and the sequence-based PEI (Case 3) in Section 2.4.1 are taken as the performance baseline respectively. The evaluation cases are listed as following.
· Case 1: Rel-16 paging procedure.
· Case 3: Sequence-based PEI. The sequence-based paging indication is used for channel tracking and paging indication.
· Case 4: Sequence-based PEI with sub-grouping. The sub-grouping sequence-based paging indication is used for channel tracking and fine granularity paging indication.

Evaluation results on sequence-based PEI with sub-grouping
In the sequence-based PEI with sub-grouping scheme, the sub-grouping sequence signal is used for tracking and fine granularity paging indication. The additional power saving gain by introducing sub-grouping in sequence-based PEI is shown in Figure 10. The number of sub-groups with 2, 4, 8, 16, 32 and 64 are evaluated, and the paging rate is assumed to 0.1.

  
Figure 10: Additional power saving gain of sequence-based PEI with sub-grouping 
From the results in Figure 10, we observe that the sequence-based PEI with sub-grouping achieves additional power saving gain at 30.19%~31.73% comparing to baseline case 1. The power saving gain range 1.2%~2.21% power saving over case 3 sequence PEI without sub-grouping. Furthermore, with the increase of the number of sub-group, the gain of UE power saving is tending flat. The number of sub-groups should be up to 8 considering the trade-off between the power saving gain and the overhead.
Observation 8: Introducing sub-grouping in sequence-based PEI can bring 30.19%~31.73% and 1.2%~2.21% power saving gain compare to Rel-16 paging and sequence-based PEI respectively.
Observation 9: With the increase of the number of sub-group, the gain of power saving gain is tending flat.
For supporting sequence-based PEI with sub-grouping, here are two potential options to support sub-grouping:
Option 1: Single subgroup or multiple sub-groups in combination sequence-based PEI can be transmitted in a resource at a given time. Any UEs in sub-group(s) s are paged, the corresponding sub-group sequence-based PEIs will be transmitted. 
Option 2: Single sequence-based PEI is transmitted in a resource at a given time. If more than one sub-group of UEs are paged, then common sequence-based PEI is transmitted.
The Figure 11 shows the total power saving gain of option 1 compare to option 2.

Figure 11: Power saving gain of option 1 compare to option 2
From the results in Figure 11, we observe that the power saving gain of option 1 relative to option 2 is negligible for paging rate of 10%. Although the power saving gain is 2.01%~2.69% when the paging rate is 40%, it is not a typical assumption that the paging rate is 40%, statistically, the average paging rate is 10%.
Observation 10: To support sequence-based PEI with sub-grouping, the power saving gain of option 1 relative to option 2 is negligible.
· Option 1: Multiple sub-grouping PEI can be transmitted in a resource. 
· Option 2: Single sequence is transmitted in a resource.

Resource overhead evaluation for PEI with sub-grouping
In our resource overhead evaluation for PEI with sub-grouping, behavior-A and 10% group paging rate are assumed. In this section, multiple POs associated with one PEI is not considered. And resource overhead evaluations for PEI based on semi-static and dynamic are given respectively.
For resource overhead evaluation for sequence-based PEI with sub-grouping, some companies [9][10][11] has expressed that multiple sequences transmission in a resource will decrease the detection performance, which is a mis-understanding of the sequence-based PEI design with multi-sequence or orthogonal covers. Companies also have misunderstanding of the resource used by sequence-based PEI with each sequence mapped to different time or frequency resources. The resource overhead of sequence-based PEI with sub-grouping is large. The detailed of TRS-based procedure in Section 3 had shown one frequency and time resource with orthogonal cover could generate up to 222 code points for paging subgroup indication with same MDR detection performance. Based on the joint MDR evaluation results of DCI-based PEI and sequence-based PEI in Section 2.3.2 in order not to impact the performance of legacy paging PDSCH with TBS scaling 1, the aggregation level should be at least 8 for 12 bits and 41 bits DCI-based PEI. TRS-based PEI with 2 symbols satisfies the paging PDSCH performance.
The resource overhead results are summarized in Table 9. For semi-static, the resource occupation probability is 1, and the resource occupation probability is same as the group paging rate for dynamic. As shown in Figure 10, with the increase of the number of sub-group, the additional power saving gain is tending flat, so the number of sub-groups should be up to 8 sub-groups considering the trade-off between power saving gain and system overhead.
[bookmark: OLE_LINK13][bookmark: OLE_LINK17]Table 9: Resource overhead evaluation for PEI with sub-grouping assuming multiple POs is not supported
	PEI candidate designs
	Resource overhead(semi-static)
	Resource overhead(dynamic)

	PDCCH-based PEI(12 bits, 8 sub-groups)
	72REs
	7.2 – 72 REs (depending whether the CCEs are used by other UEs or PDSCH when no paging)

	PDCCH-based PEI(41 bits, 8 sub-groups)
	72REs
	[bookmark: _Hlk70884496]7.2 – 72 REs (depending whether the CCEs are used by other UEs or PDSCH when no paging)

	TRS-based PEI(8 sub-groups)
	0 or 36REs
	0 or 3.6REs



Observation 11: The resource overhead of sequence-based PEI is not greater than that of DCI-based PEI when sub-grouping is supported.
Multiple POs associated with one PEI
For the PEI candidate designs, in order to reduce resource overhead, there proposals to consider multiple POs associated with one PEI. In RAN1#104, it was agreed that whether and how indication to multiple POs by one PEI is considered.
Considerations on multiple POs associated with one PEI
The indication to multiple POs by one PEI may be an effective method to reduce PEI resource overhead. However, the following issues should be carefully considered before hastily deciding to support that one PEI indicates multiple POs.
Issue 1: PEI overheads
The DCI size of DCI-based PEI would increase in proportional to the number of POs indicated by one PEI. The increased DCI size will significantly degrade the PEI detection performance for DCI-based PEI. To achieve the similar detection performance with legacy paging PDSCH reception, the aggregation level should increase, which needs to more resource to transmit the DCI-based PEI. The PEI overhead would increase for one PEI indicating multiple POs.
Issue 2: PEI detection performance
When one PEI is supported to indicate multiple POs, compared with one PO indicated by one PEI, both sequence-based PEI and DCI-based PEI needs more code points/bits to indicate the respective POs. The proposed TRS-based PEI with multi-segment orthogonal cover could support up to 222 code points with the same performance as shown in Section 3. The DCI size of DCI-based PEI would increase in proportional to the number of POs indicated by one PEI. The increased DCI size will significantly degrade the PEI detection performance for DCI-based PEI. 
For behavior-A, PEI is an on-demand signal. If UE does not detect PEI due to the degraded PEI detection performance, all UEs corresponding to multiple POs will miss paging message. The motivation of one PEI associated with multiple POs is to reduce PEI resource overhead in the case of high paging rate for behavior-A.
For behavior-B, the gNB needs to transmit PEI regardless of paging presence, which causes significantly increase of system resource overhead when network needs to transmit PEI to more cells. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The PEI detection performance is a nonnegligible issue when one PEI indicates multiple POs. The TRS-based PEI could easily support multiple POs without degradation of detection performance. However, DCI-based PEI would be degraded when multiple POs are included. The trade-off between PEI resource overhead and PEI detection performance should be further considered.
Issue 3: Power saving gains between different POs associated with one PEI
If one PEI associated with multiple POs is supported, some POs are close to PEI while other POs are far away from PEI. When the POs within DRX cycle are sparse and the number of POs associated with one PEI is large, the difference of time interval between different POs and PEI will be quite different. For UEs in the PO far away from PEI, the UEs can obtain more power saving gain by reducing light sleep operation time than the UEs in other POs.
Issue 4: Necessity of multiple POs associated with one PEI
For paging, the PF and PO are determined by the formula using the DRX parameters provided in System Information (detail description in 38.304). The paging strategy will decide the number of cells to page at a time in one PO. The parameter N and Ns can reflect the number of POs in a DRX cycle. When the value of N and Ns are large, the number of POs within a DRX cycle increases with fewer UEs in the paging group sharing the same PO. However, most of the paging groups contain large number of IDLE/Inactive UEs with fewer POs configured within DRX cycle. The PO can be divided to more paging sub-groups to reduce the number of UEs in each sub-group. Thus, the necessity of POs associated with one PEI does not have much benefit in the real deployment. 
Observation 12: When one PEI indicates multiple POs, no matter behavior-A or behavior-B, the TRS-based PEI could maintain the same performance but the DCI-based PEI detection performance is degraded.
Proposal 8: Whether to support multiple POs associated with one PEI need further study, taking into account the following factors:
· PEI overheads.
· PEI detection performance.
· Power saving gains between different POs associated with one PEI.
· The benefit of multiple POs associated with one PEI.
Proposal 9：One-to-one mapping between PEI and PO is taken as baseline. 
Design of multiple POs associated with one PEI
Sequence-based PEI provides better detection performance and higher power saving gains. If multiple POs associated with one PEI is supported, how to support one-to-M mapping between sequence-based PEI and POs is analyzed. 
Design principle of multiple POs associated with one sequence-based PEI: Single sequence-based PEI is transmitted in a resource at a given time. Sub-group-level sequence-based PEI, PO-level sequence-based PEI and Common sequence-based PEI are defined with each associate with one code point from the set of code points from the multi-segment orthogonal cover code. If only one sub-group of UEs in a PO is paged, then the corresponding sub-group-level sequence-based PEI is transmitted. If more than one sub-group of UEs shared same PO are paged, then the corresponding PO-level sequence-based PEI is transmitted. If more than one sub-group of UEs belongs to different POs are paged, then the multi-subgroup combination or common sequence-based PEI is transmitted. From UE perspectives, a UE can detect multiple levels associated with one sequences: sub-group-level sequence-based PEI, PO-level sequence-based PEI and Common sequence-based PEI.
Assume one PEI indicates 4 POs and 8 paging sub-groups in a PO. The number of code points for the sub-group-level sequence-based PEI per PO is 8, the number of code points for the PO-level sequence-based PEI is 4, and the number of common sequence-based PEI is 1. The total number of code points to associate with the sequence-based PEI corresponding to one PEI resource is 37, i.e. 8*4+4+1=37. As shown in Figure 12, sub-group-level sequence-based PEI, PO-level sequence-based PEI and Common sequence-based PEI are abbreviated as seq_group, seq_PO, and seq_common respectively.


Figure 12: The total sequence-based PEI corresponding to one PEI resource
Assume that the paging rate for a PO is 10% and one PEI indicates 4 POs. The paging rates of 0, 1, 2, 3, 4 POs from network perspective are calculated in Table 10. As given in this Table, the probability of more than one PO being paged is 5.23%. If more than one PO are paged, common sequence-based PEI is transmitted, some POs would be false alarmed and waste unnecessary power to decode PDCCH and PDSCH. But the false alarm rate of the POs not paged is less than 5.23% in the worst case, which is acceptable. For supporting indicate multiple POs and sub-grouping by one sequence-based PEI, this design only causes acceptable false alarm but the system resource overhead is not increased.
Table 10: Paging rate for different PO numbers from network perspective
	Case
	The number of POs paged
	Calculate formula
	Paging rate

	Case 1
	0
	 (1-0.1)^4
	65.61%

	Case 2
	1
	C41*0.1*(1-0.1)^3
	29.16%

	Case 3
	2
	C42*0.1^2*(1-0.1)^2
	4.86%

	Case 4
	3
	C43*0.1^3*(1-0.1)
	0.36%

	Case 5
	4
	C44*0.1^4
	0.01%



Observation 13: For supporting sequence-based PEI associated with multiple POs and sub-grouping, if no more than one sequence is transmitted in a resource at a given time, the false alarm probability is acceptable.
Mapping between sub-group and sequence-based PEI associated with multiple POs 
For supporting sequence-based PEI associated with multiple POs and sub-grouping, a mapping design between sub-group and sequence-based PEI is given following. As shown in Figure 12, single sequence-based PEI is transmitted in a resource at a given time. Sub-group-level sequence-based PEI, PO-level sequence-based PEI and Common sequence-based PEI are defined with each associate with one code point from the set of code points from the multi-segment orthogonal cover code. Similarly, the mapping between paging sub-group and TRS-based PEI simplifies the mapping of the paging sub-group and the code point of orthogonal cover code. UE can obtain a sub-group number by CN allocation or randomization in the following discussion and a PO is divided into G sub-groups.
The mapping between cover code index of TRS-based PEI and sub-group number is shown in Table 11, the TRS-based PEI contains Sub-group-level TRS-based PEI, PO-level TRS-based PEI and Common TRS-based PEI, and a PO is divided to 8 sub-groups, i.e., G is 8. Assume one PEI indicates M POs. The calculation formulas are that:
· Index_sub-group-level = PO_index*G + sub-group_number
· Index_PO-level = M*G + PO_index
· Index_common-level = (M+1)*G
· [bookmark: _GoBack]PO_Index = (SFN_PF*N*Ns/T+i_s)mod M
Wherein, index_sub-group-level is the cover code index of Sub-group-level TRS-based PEI, index_PO-level is the cover code index of PO-level TRS-based PEI, and index_common-level is the cover code index of Common TRS-based PEI. Sub-group number is allocated by CN, G is the sub-group numbers in a PO, and M is the PO numbers indicated by a PEI. PO_Index is the index of the PO within a M POs, SFN_PF is the SFN number of the PF corresponding to the PO, N is the number of total PEI radio frames in T, Ns is the number of PO for a PF, T is a DRX cycle, and i_s is the index of the PO within a PF.
Table 11: The mapping between sub-group number and cover code index if multiple POs is supported
	PO_Index
	Sub-group number
	Cover code index

	
	
	Cover code index of Sub-group-level TRS-based PEI
	Cover code index of PO-level TRS-based PEI
	Cover code index of Common TRS-based PEI

	PO_index=0
	0
	0
	32
	36

	
	1
	1
	32
	36

	
	2
	2
	32
	36

	
	3
	3
	32
	36

	
	4
	4
	32
	36

	
	5
	5
	32
	36

	
	6
	6
	32
	36

	
	7
	7
	32
	36

	PO_index=1
	0
	8
	33
	36

	
	1
	9
	33
	36

	
	2
	10
	33
	36

	
	3
	11
	33
	36

	
	4
	12
	33
	36

	
	5
	13
	33
	36

	
	6
	14
	33
	36

	
	7
	15
	33
	36

	PO_index=2
	0
	16
	34
	36

	
	1
	17
	34
	36

	
	2
	18
	34
	36

	
	3
	19
	34
	36

	
	4
	20
	34
	36

	
	5
	21
	34
	36

	
	6
	22
	34
	36

	
	7
	23
	34
	36

	PO_index=3
	0
	24
	35
	36

	
	1
	25
	35
	36

	
	2
	26
	35
	36

	
	3
	27
	35
	36

	
	4
	28
	35
	36

	
	5
	29
	35
	36

	
	6
	30
	35
	36

	
	7
	31
	35
	36



Therefore, the cover code index can be determined by sub-group number and PO_index, and then the TRS-based PEI is determined. 
Proposal 10: If one-to-N between PEI and PO is supported, the cover code index of sequence-based PEI is related to sub-group number and PO_index.

Resource overhead evaluation for multiple POs associated with one PEI
In our resource overhead evaluation for PEI associated with multiple POs and sub-grouping is supported, behavior-A and 10% group paging rate are assumed. And resource overhead evaluations for PEI based on semi-static and dynamic are given respectively.
Based on the joint MDR evaluation results of DCI-based PEI and sequence-based PEI in Section 2.3.2, in order not to impact the performance of legacy paging PDSCH with TBS scaling 1, the aggregation level should be at least 8 for 12 bits and 41 bits DCI-based PEI. TRS-based PEI with 2 symbols satisfies the performace requirement set by paging PDSCH performance.
The resource overhead results are summarized in Table 12. For semi-static, the resource occupation probability is 1. For dynamic, assume paging rate is 10% and one PEI indicates 4 POs, the resource occupation probability is calculated by formula: 1- (1-X) ^N = 1- (1-10%) ^4 = 34.39%. As shown in Figure 10, with the increase of the number of sub-group, the additional power saving gain is tending flat. The number of sub-groups should be up to 8 sub-groups considering the trade-off between power saving gain and system overhead. When one PEI indicates 4 POs and sub-group number for a PO is 8, the total sub-group number is 32, so 12 bits DCI-based PEI cannot convey so much information, it is not evaluated in Table 12.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Table 12: Resource overhead evaluation for PEI with sub-grouping assuming that multiple POs is supported
	PEI candidate designs
	Resource overhead(semi-static)
	Resource overhead(dynamic)

	PDCCH-based PEI(41 bits, 32 sub-groups)
	18REs
	6.19 REs – 18REs(depending whether the CCEs are used by other UEs or PDSCH when no paging)

	TRS-based PEI(32 sub-groups)
	0 or 9REs
	0 or 3.10REs



Observation 14: The resource overhead of sequence-based PEI is smaller than that of DCI-based PEI when sub-grouping and multiple POs associated with one sequence-based PEI are supported.

Summary on comparison of PEI candidate designs
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Summary on our evaluation results
In summary, Table 13 shows the comparison of PEI candidate designs from the detection performance, power saving gain, coexistence with existing channels/signals and resource overhead views. Assume that sub-grouping and multiple POs are supported.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK7]Table 13: Comparison of PEI candidate designs with sub-grouping assuming that multiple POs is supported
	PEI candidate designs
	Detection performance(the SNR at JMDR=1% without performance influence of paging PDSCH with scaling 1)
	Power saving gain
	Coexistence
	Sub-group
numbers in evaluation
	Resource overhead

	DCI-based PEI(12 bits)
	-8.3dB(AL=8 for Alt 1)
	4.41%~10.07%
	PDSCH, PDCCH
	8
	72 REs(semi-static)
7.2 REs – 72 REs (dynamic)

	DCI-based PEI(41 bits)
	-7.9dB(AL=8 for Alt 1)
	4.41%~10.07%
	PDSCH, PDCCH
	32
	18 REs(semi-static)
6.19 REs – 18 REs (dynamic)

	TRS-based PEI
	-8.3dB(Alt 1)
	23.11%~51.59%
	PDSCH, 
PDCCH,
TRS/CSI-RS 
	32
	0 or 9REs (semi-static)
0 or 3.10REs (dynamic)



Observation 15: If sub-grouping is supported, the sequence-based PEI is better than DCI-based PEI from detection performance, power saving gain, coexistence and resource overhead views.
Summary on companies’ evaluation results
The performance results and comparison of all PEI candidate designs based on RAN1#104bis-e and RAN1#105-e agreements are shown in Table 14. In this summary, behaviour-A and paging PDSCH with scaling 1.0 are assumed.
Table 14: Summary on PEI candidate designs based on RAN1#104bis-e and RAN1#105-e agreements
	Paging Setting
	PEI candidate design
	UE (sub)group indication capacity
	Physical-layer configuration and resource
	Average resource overhead per PO (REs)
	Resource sharing assumption
	Power saving gain
	Notes

	PDSCH: MCS0, TB scaling 1.0
PDCCH: AL8, 41-bit payload
	PDCCH-based PEI
	12 bits[Note 4]
	AL4 PDCCH with 12-bit payload, occupying 288REs
	17.2-288.0
	1. PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged 
2. Dynamic rate-matching in PDSCH
3. Semi-static rate-matching in PDSCH
	6.3%-35.1%[Note 1, Note2, Note3]

	Note 1: 8 sub-groups are assumed.
Note 2: 10% paging rate is assumed.
Note 3: 1 SSB is assumed before PDCCH-based PEI, which is an ideal assumption.
Note 4: DCI-based PEI size should be constraint by 3+1 DCI size budget since RRC_Inactive state UE shall monitor the UL/DL grant scrambled by C-RNTI.
Note 5: 1 sub-group is assumed.
Note 6: 3 SSB is assumed before PDCCH-based PEI, which is reasonable assumption based on RAN4 LS [4], UE needs to perform AGC and channel tracking with minimum gap of RSs of 2 slots or 2ms for measurement cycle more than 160ms..

	
	
	
	AL8 PDCCH with 12-bit payload, occupying 576 REs
	49.5-57.6
	PEI is transmitted as a Rel-15 PDCCH in a CORESET when a UE group is paged 
	
	

	
	
	41 bits
	AL8 PDCCH with 41-bit payload, occupies 576 REs
	57.6-576.0
	1. Dynamic rate-matching in PDSCH
2. Semi-static rate-matching in PDSCH
	5.83%[Note 2, Note4, Note6]
	

	
	SSS-based PEI
	3 bits
	1-symbol SSS, occupying 132 REs 
(11 RB x 2 symbols)
	 --
	 --
	6.3%~38.11%[Note 1, Note2, Note3]
	

	
	
	1 bit
	2-symbol SSS, occupying 264 REs 
(11 RB x 2 symbols)
	25.4-288.0
	1. Dynamic rate-matching in PDSCH
2. Semi-static rate-matching in PDSCH
	
	

	
	
	4 bits
	3-symbol SSS, occupying 396 REs 
(11 RB x 3 symbols)
	34.0-437.0
	1. Dynamic rate-matching in PDSCH
2. Semi-static rate-matching in PDSCH
	
	

	
	TRS/CSI-RS-based PEI
	≥ 8 bits
	1-slot 24-RB TRS, occupying 144 REs (24 RB x 3 REs per RB x 2 symbols)
	14.4
	Dynamic rate-matching in PDSCH
	6.3%~39.74%[Note 1, Note2, Note3]
	

	
	
	1 bit
	1-slot 28-50 RB TRS, occupying 168-300 REs
	21.6-300.0
	1. Dynamic rate-matching in PDSCH
2. Semi-static rate-matching in PDSCH
	
	

	
	
	6 bits
	1-slot 48-RB TRS, occupying 288 REs (48 RB x 3 REs per RB x 2 symbols)
	28.8 (1) &288.0 (2) 
	1. Dynamic rate-matching in PDSCH
2. Semi-static rate-matching in PDSCH
	
	

	
	
	4 bits
	1-slot 50-RB TRS, occupying 300 REs (50 RB x 3 REs per RB x 2 symbols)
	26.0
	Dynamic rate-matching in PDSCH
	
	



PEI procedure and configuration
· PEI procedure and configuration
From the analysis and evaluation results, sequence-based PEI shows large power saving gain and good detection performance. The sequence-based PEI procedure and configuration are discussed in our combination contribution [12]. In general, the procedure of sequence-based PEI could be assumed as following steps: 
Step1: TRS/CSI-RS frequency domain resource allocation through system broadcast (SIB) - examples of PEI parameters, such as: period, slot pattern, PEI resource number and others.
Step2: get PEI time location
The TRS/CSI-RS resource of PEI in time domain for a given UE or a group of UEs could be derived by UE based on UE ID similar to the derivation of paging occasion. The TRS/CSI-RS resource of PEI in time domain is associated with the paging occasion. UE could derive the TRS/CSI-RS resource of PEI in time domain from the starting slot of PO. An example of UE derivation of TRS/CSI-RS resource allocation in time domain associated with the first slot of PO is shown as follows,
· Step2.1: Calculate PEI SFN 
(PEI_SFN + PEI_offset) mod T = (T div N) * (UE_ID mode N)
Wherein, PEI_SFN is the SFN number of the resource allocation of PEI in time domain; PEI_offset is the slot offset from the SFN boundary for PEI; T is PEI cycle of a given UE or UE group; N is the number of total PEI radio frames in T; UE_ID is the 5G-S-TMSI mode 1024.
And all of parameters could be (pre)-configured by SIB or signaling through system broadcast (SIB). The parameters for PEI resource in time domain could link to existing PO parameters, e.g., T is PEI cycle of the UE and related to PO cycle T; N is the number of total PEI frames in T and related to PO parameter N.
· Step2.2: calculate PEI subframe/slot time location
PEI_i_s = floor(UE_ID/N) mod Ns
Wherein, index of PEI_i_s is the index of the PEI within PEI SFN; Ns is the number of PEI occasions for a PEI SFN. PEI subframe/slot time location PEI_slot is determined. Similar to step2.1, all parameters could be configured by SIB or higher layer signaling. They could also link to existing PO parameters, e.g., Ns is the number of PEI occasions for a PEI SFN and related to PO parameter Ns. 
· Step2.3: calculate PEI with different TCI state in time domain if configured
PEI_beam_i_symbol = PEI_slot * symbol_number_per_slot + PEI_beam_i_offset
Wherein, PEI_beam_i_symbol is the i-th beam time location; PEI_beam_i_offset is the i-th beam time offset.

UE could update its PEI resource in time domain according to calculation predefined formula and related parameters. E.g., if sequence-based PEI parameters are configured according to PO parameters, the resource allocation of sequence-based PEI in time domain could be updated when PO parameters are updated. 
Proposal 11: The sequence-based PEI configuration and procedure could be calculated by reference signal/channel, e.g., reusing the procedure of paging occasion computation for 38.304.

· QCL for PEI
In NR, the paging PDCCH and PDSCH are transmitted corresponding to the beams of the detected SSB. For paging enhancement in IDLE/Inactive mode, multiple beams of PEI should be supported to improve the PEI detection performance for the UEs in different beam coverage. The beams of PEI should be corresponding to the SSB beams and it is consistent with the beams used for paging PDCCH and PDSCH. This is to say, the spatial channel property of PEI should be QCLed with those of SSB corresponding to paging PDCCH/PDSCH.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK31]Proposal 12: For IDLE/Inactive mode, multiple beams of PEI should be supported.
Proposal 13: For IDLE/Inactive mode, the spatial channel property of PEI is QCLed with the beams of SSB corresponding to paging PDCCH/PDSCH.

Conclusion 
In this contribution, paging enhancement in RRC_IDLE/Inactive mode is discussed and analyzed. Based on discussion, we have the following observations and proposals: 
Observation 1: For behavior-B, UE expects to receive PEI at every PO to determine whether to wake up or go back to sleep. If PEI is not detected by UE, UE falls back to proceed with the legacy paging procedure.
Observation 2: Sequence-based PEI shows better detection performance than that of DCI-based PEI regardless of joint MDR of Alt 1 or MDR of Alt 2.
Observation 3: Sequence-based PEI could provide more power saving gains than DCI-based PEI.
Observation 4: DCI-based PEI or sequence-based PEI can coexist with dynamic resource sharing with PDSCH used by legacy UE if it is scheduled by DCI format 1_1 or Rel-17 UEs.
Observation 5: DCI-based PEI or sequence-based PEI can share resource well with PDCCH for Rel-15 UE. 
Observation 6: Resource sharing of TRS used by legacy UE and TRS-based PEI allows TRS-based PEI without additional resources.
Observation 7: The resource overhead of sequence-based PEI is not greater than that of DCI-based PEI when sub-grouping is not considered for one PO associated with one PEI.
Observation 8: Introducing sub-grouping in sequence-based PEI can bring 30.19%~31.73% and 1.2%~2.21% power saving gain compare to Rel-16 paging and sequence-based PEI respectively.
Observation 9: With the increase of the number of sub-group, the gain of power saving gain is tending flat.
Observation 10: To support sequence-based PEI with sub-grouping, the power saving gain of option 1 relative to option 2 is negligible.
· Option 1: Multiple sub-grouping PEI can be transmitted in a resource. 
· Option 2: Single sequence is transmitted in a resource.
Observation 11: The resource overhead of sequence-based PEI is not greater than that of DCI-based PEI when sub-grouping is supported.
Observation 12: When one PEI indicates multiple POs, no matter behavior-A or behavior-B, the TRS-based PEI could maintain the same performance but the DCI-based PEI detection performance is degraded.
Observation 13: For supporting sequence-based PEI associated with multiple POs and sub-grouping, if no more than one sequence is transmitted in a resource at a given time, the false alarm probability is acceptable.
Observation 14: The resource overhead of sequence-based PEI is smaller than that of DCI-based PEI when sub-grouping and multiple POs associated with one sequence-based PEI are supported.
Observation 15: If sub-grouping is supported, the sequence-based PEI is better than DCI-based PEI from detection performance, power saving gain, coexistence and resource overhead views.

Proposal 1: For the evaluation and comparison of PEI candidate designs based on PDCCH, TRS/CSI-RS and SSS, Behv-A is supported. 
· 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
Proposal 2: The sequence-based PEI can co-exist well with existing channels and signals.
Proposal 3: The sequence-based PEI should be adopted in Rel-17 for UE in IDLE/Inactive mode for UE power saving.
Proposal 4: The number of code points generated from multi-segment orthogonal cover is up to 222 to indicate either or all paging subgroup/subgroup combination, paging occasions/occasions combination, and TRS/CSI-RS resource availability indication with the same detection performance.
Proposal 5: Sub-grouping is indicated in sequence-based PEI.
Proposal 6: For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the combination of Alt1 and Alt2.
0. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
Proposal 7: For one-to-one mapping between PEI and PO, the cover code index of sequence-based PEI is related to sub-group number allocated by CN or randomization.
Proposal 8: Whether to support multiple POs associated with one PEI need further study, taking into account the following factors:
· PEI overheads.
· PEI detection performance.
· Power saving gains between different POs associated with one PEI.
· The benefit of multiple POs associated with one PEI.
Proposal 9：One-to-one mapping between PEI and PO is taken as baseline. 
Proposal 10: If one-to-N between PEI and PO is supported, the cover code index of sequence-based PEI is related to sub-group number and PO_index.
Proposal 11: The sequence-based PEI configuration and procedure could be calculated by reference signal/channel, e.g., reusing the procedure of paging occasion computation for 38.304.
Proposal 12: For IDLE/Inactive mode, multiple beams of PEI should be supported.
Proposal 13: For IDLE/Inactive mode, the spatial channel property of PEI is QCLed with the beams of SSB corresponding to paging PDCCH/PDSCH.
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Appendix
Agreement:
For UE subgroups indication in physical layer, maximum of 8 subgroups per PO is supported.

Conclusion:
To down-select one solution for PEI physical-layer channel/signal in RAN1 #106-e, using below as a starting point:
· PDCCH-based PEI
· SSS-based PEI
· TRS/CSI-RS-based PEI
Note: Additional details for each of the above 3 solutions are encouraged for more informed down-selection
Note: further refinement of the above list is possible, e.g., by merging/further splitting, depending on significance of the commonality and/or differences

Agreement:
Observation:
Dynamically sharing PDCCH resources of Rel-15 UEs (whether or not this is an important aspect to consider for PEI is FFS)
· For PDCCH-based PEI, 
· PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates 
· Exact number of multiplexed/impacted Rel-15 PDCCH candidates depends on AL used for PDCCH-based PEI and relative size of PDCCH CORESET, etc.
· For SSS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, SSS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at granularity of one or more candidates
· Exact number of impacted Rel-15 PDCCH candidates depends on relative size and location of PDCCH CORESET, etc.
· For TRS/CSI-RS-based PEI and for the case of partial overlap of CORESET and PEI
· For interleaved CORESET (such as CORESET#0), TRS/CSI-RS-based PEI can dynamically share resources with PDCCH for Rel-15 UEs only at CORESET-level granularity
· For non-interleaved CORESET, TRS/CSI-RS-based can dynamically share resources with PDCCH for Rel-15 UEs within a PDCCH CORESET at candidate level granularity
· Exact number of impacted Rel-15 PDCCH candidates depends on CSI-RS mapping pattern, relative size and location of PDCCH CORESET, etc.)

Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
1. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO
1. For SSS-based PEI, subgroups in a PO are indicated by a set of sequence realizations
2. FFS: Sequence mapping design for supporting up to 8 subgroups per PO
0. Physical-layer configuration(s) and sequence generation design are subject to no impact to initial access and RRM measurements of legacy UEs
1. For TRS/CSI-RS-based PEI, subgroups in a PO can be indicated by the following alternatives
3. Alt 1: One TRS sequence with orthogonal cover as PEI transmitted in the PEI monitoring occasion where one orthogonal cover of the PEI indicates one subgroup or combination of subgroups
0. FFS: Design details for the orthogonal cover
3. Alt 2: A set of TRS sequences indicating the subgroups with one selected sequence transmitting in one TRS resource 
1. FFS: Sequence mapping design for supporting up to 8 subgroups per PO and combination of subgroups 
3. Alt 3: Multiple TRS/CSI-RS resources FDMed/TDMed /CDMed in the same monitoring occasion where one TRS/CSI-RS resource indicates one subgroup
2. Reuse Rel-15/16 CSI-RS FDM/TDM/CDM patterns for supporting up to 8 subgroups per PO
1. Note : It is RAN1 understanding that Physical-layer configuration(s) for paging early indication to the subgroups is subject to the same idle-mode reception bandwidth as CORESET-0 frequency span

Agreement
Observation:
For the comparison of PEI candidate designs, the following table summarizes average power saving gains based on companies contributions:

	UE subgroups in a PO

	PEI candidate type (PDCCH, SSS, TRS/CSI-RS)
	#SS burst(s) before PO in Rel-16 baseline
	PO paging rate
	Power Saving Gain
	Company
	Assumed #SS burst(s) before PEI
	Assumed #SS burst(s) between PEI and PO when UE is paged

	1
	PDCCH
	1
	10%
	8.95%
	Samsung
	1
	0

	
	
	
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	[16.32%]
	Intel
	1
	[1]

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	2.16%
	Samsung
	2
	0

	
	
	
	10%
	5.0%
	QC
	1
	1

	
	
	
	10%
	15.60%
	Intel
	2
	0

	
	
	
	10%
	15.64%
	Samsung
	1
	1

	
	
	
	10%
	19.5%
	MTK
	1
	1

	
	
	
	10%
	22.5%
	ZTE
	1
	1

	
	
	
	10%
	[24.938%]26.14%
	Intel
	1
	1

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	1

	
	
	3
	10%
	1.88%
	Samsung
	3
	0

	
	
	
	10%
	5.83%
	CATT
	3
	0

	
	
	
	10%
	13.92%
	Intel
	3
	0

	
	
	
	10%
	15.7%
	QC
	1
	2

	
	
	
	10%
	25.5%
	MTK
	1
	2

	
	
	
	10%
	25.33%
	Samsung
	1
	2

	
	
	
	10%
	26.3%
	Apple
	1
	2

	
	
	
	10%
	29.6%
	DoCoMo
	1
	2

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	33% - 37%
	Ericsson
	1
	2

	
	
	
	10%
	[31.75%]32.82%
	Intel
	1
	2

	
	
	
	40%-60%
	12.5%
	DoCoMo
	1
	2

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	
	SSS or TRS/CSI-RS (same results)
	1
	10%
	11.09%
	QC
	1
	0

	
	
	
	10%
	14.8%
	MTK
	1
	0

	
	
	
	10%
	15.4%
	Samsung
	1
	0

	
	
	
	10%
	15.7%
	ZTE
	1
	0

	
	
	
	10%
	17.67%
	Intel
	1
	0

	
	
	
	40%-60%
	6.2% - 9.8%
	ZTE
	1
	0

	
	
	2
	10%
	5.0%
	QC
	1
	0

	
	
	
	10%
	6.3%
	QC
	0
	1

	
	
	
	10%
	20.49%
	Samsung
	1
	0

	
	
	
	10%
	20.7%
	MTK
	1
	0

	
	
	
	10%
	22.5%
	ZTE
	1
	0

	
	
	
	10%
	27.33%
	Intel
	1
	0

	
	
	
	40%-60%
	9.3% - 14.4%
	ZTE
	1
	0

	
	
	3
	10%
	15.7%
	QC
	1
	0

	
	
	
	10%
	17.8%
	QC
	0
	1

	
	
	
	10%
	26.6%
	MTK
	1
	1

	
	
	
	10%
	27.9%
	Apple
	1
	0

	
	
	
	10%
	30.19%
	CATT
	1
	0

	
	
	
	10%
	30.84%
	Samsung
	1
	0

	
	
	
	10%
	31.4%
	ZTE
	1
	2

	
	
	
	10%
	34.96%
	Intel
	1
	0

	
	
	
	40%-60%
	13.2% - 20.3%
	ZTE
	1
	2

	8
	PDCCH
	1
	10%
	11.31%
	Samsung
	1
	0

	
	
	
	10%
	11.9%
	CMCC
	1
	0

	
	
	
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	18.0%
	MTK
	1
	0

	
	
	
	20%-35%
	11.89%
	Samsung
	1
	0

	
	
	
	20%-35%
	12.04%
	CMCC
	1
	0

	
	
	
	20%-35%
	18.40%
	MTK
	1
	0

	
	
	
	40%-60%
	19.20% - 20.00%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	1

	
	
	
	10%
	20.36% - 31.70%
	HW
	1
	1

	
	
	
	10%
	22.40%
	MTK
	1
	1

	
	
	
	10%
	25.40%
	ZTE
	1
	1

	
	
	
	20%-35%
	22.50%
	MTK
	1
	1

	
	
	
	20%-35%
	20.71% - 31.95%
	HW
	1
	1

	
	
	
	40%-60%
	20.73% - 31.64%
	HW
	1
	1

	
	
	
	40%-60%
	22.80% - 23.20%
	MTK
	1
	1

	
	
	
	40%-60%
	25.40% - 25.70%
	ZTE
	1
	1

	
	
	3
	10%
	17.9%
	QC
	1
	2

	
	
	
	10%
	22.65%
	CMCC
	1
	2

	
	
	
	10%
	28.70%
	MTK
	1
	2

	
	
	
	10%
	30.65% - 42.19%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	23.08%
	CMCC
	1
	2

	
	
	
	20%-35%
	28.80%
	MTK
	1
	2

	
	
	
	20%-35%
	30.72% - 42.12%
	HW
	1
	2

	
	
	
	40%-60%
	29.00% - 29.10%
	MTK
	1
	2

	
	
	
	40%-60%
	29.42% - 42.11%
	HW
	1
	2

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	SSS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	18.53%- 28.90%
	HW
	1
	1

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	16.98% - 26.18%
	HW
	1
	1

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	10.70% - 20.77%
	HW
	1
	1

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	27.69% - 38.11%
	HW
	1
	2

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.15% - 34.49%
	HW
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	40%-60%
	14.30% - 26.7%
	HW
	1
	2

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2

	
	TRS/CSI-RS
	1
	10%
	12.5%
	QC
	1
	0

	
	
	
	10%
	15.80%
	MTK
	1
	0

	
	
	
	10%
	18.08%
	Samsung
	1
	0

	
	
	
	20%-35%
	14.10%
	MTK
	1
	0

	
	
	
	20%-35%
	18.54%
	Samsung
	1
	0

	
	
	
	40%-60%
	7.60% - 10.80%
	MTK
	1
	0

	
	
	2
	10%
	6.3%
	QC
	1
	0

	
	
	
	10%
	7.7%
	QC
	0
	1

	
	
	
	10%
	19.99% - 30.66%
	HW
	1
	0

	
	
	
	10%
	21.40%
	MTK
	1
	0

	
	
	
	10%
	23.50% - 25.40%
	ZTE
	1
	0

	
	
	
	20%-35%
	19.93% - 29.79%
	HW
	1
	0

	
	
	
	20%-35%
	20.60%
	MTK
	1
	0

	
	
	
	40%-60%
	15.00% - 25.70%
	ZTE
	1
	0

	
	
	
	40%-60%
	17.50% - 19.00%
	MTK
	1
	0

	
	
	
	40%-60%
	19.34% - 26.11%
	HW
	1
	0

	
	
	3
	10%
	17.9%
	QC
	1
	0

	
	
	
	10%
	20.2%
	QC
	0
	1

	
	
	
	10%
	27.20%
	MTK
	1
	1

	
	
	
	10%
	29.05% - 39.74%
	HW
	1
	1

	
	
	
	10%
	31.55%
	CATT
	1
	0

	
	
	
	10%
	35.1%
	ZTE
	1
	2

	
	
	
	20%-35%
	25.80%
	MTK
	1
	1

	
	
	
	20%-35%
	27.72% - 37.54%
	HW
	1
	1

	
	
	
	40%-60%
	20.30% - 23.00%
	MTK
	1
	1

	
	
	
	40%-60%
	21.90% - 32.78%
	HW
	1
	1

	
	
	
	40%-60%
	33.6% - 34.5%
	ZTE
	1
	2



Case2: DCI-based PEI, Group paging rate=0.1
256rf	Paging Cycle	4.5100000000000001E-2	128rf	Paging Cycle	5.8299999999999998E-2	64rf	Paging Cycle	8.3599999999999994E-2	32rf	Paging Cycle	0.10440000000000001	
Power Saving Gain



Case3: TRS-based PEI, group paging rate=0.1
256rf	Paging Cycle	0.2311	128rf	Paging Cycle	0.3019	64rf	Paging Cycle	0.41820000000000002	32rf	Paging Cycle	0.51590000000000003	
Power Saving Gain



Case4: TRS-based PEI with sub-grouping and Case 1 as baseline
列1	1	2	4	8	16	32	64	0.3019	0.30969999999999998	0.31359999999999999	0.3155	0.31659999999999999	0.31709999999999999	0.31730000000000003	Number of Sub-group

Power Saving Gain


Case4: TRS-based PEI with sub-grouping and Case 3 as baseline
列1	1	2	4	8	16	32	64	0	1.2E-2	1.7000000000000001E-2	0.02	2.1000000000000001E-2	2.1999999999999999E-2	2.2100000000000002E-2	Number of Sub-group

Power Saving Gain


Case4:TRS-based PEI with sub-grouping
10%	
Paging rate	6.2E-4	40%	
Paging rate	2.01E-2	
Power Saving Gain
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