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Introduction
In RAN meeting #88e, the Rel-17 power saving enhancements WID identified potential paging enhancements as one of the a major areas for RAN1 work [1].
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100-2 meeting
…



In RAN1 #102-e, discusses ions were conducted for potential paging enhancement techniques. A high-level summary of the RAN1 #102-e discussions and results are as follows
· Various proposals were discussed in RAN1 #102e for
· Paging early indication which is a counterpart of connected mode wakeup signal
· Sub-grouping of UEs in same PO to reduce UE false paging rate
· Power model for idle/inactive mode UE
· The model is based on bandwidth scaling from 100MHz to 20MHz
· Evaluation assumptions
· Power saving gain evaluation for idle/inactive mode operations such as SSB periodicity, paging cycle etc.
· PDCCH size, channel model and frequency offset for detection of paging early indication
· Reference UE processing time
· 1 to 3 SSB bursts before the PO, intra-frequency measurement in every paging cycle
In this paper, we first provide the evaluation results for various idle/inactive mode power saving techniques and detection probability of paging early indications.  Based on the evaluation results we will provide technical proposals.
Evaluation of power saving gain
For the power saving gain evaluation, the following power consumption model agreed in RAN1 #102-e [3] is adopted. The other assumptions are based on RAN1 #102-e agreements. Group paging rate of all UEs in the same PO is 10%. The UE processing timelines for 1 to 3 SSB bursts are based on [2]. In [2], PO duration is assumed to 4ms for low, medium and high SINR. For high SINR, it is reasonable to assume that UE can receive paging from the best SSB beam. Based on this, we also evaluated 1ms PO duration for the high SINR scenario. 
	Agreements:
Group paging rate of 10% is assumed for the evaluation of Rel-17 paging enhancement
· FFS: Another group paging rate > 10%
· Note: If UE sub-grouping is applied, the sub-group paging rate can be reduced w.r.t. the total sub-group number for a PO
Agreements:
For study of Rel-17 paging enhancement, the following are assumed as a baseline for FR1 and FR2:
· Reference configuration for FR1/FR2 as specified in Section 8.1.1/8.1.2 of TR 38.840
· Note: the setting for some PDSCH parameters may not be applicable for RedCap UEs
· Baseline paging cycle length: [1.28] second
· SS burst related assumptions:
· 20 ms periodicity
· 2 ms duration for serving cell RRM measurement, which can overlap with the one for synchronization before PO
· FFS time/frequency tracking
· Measurement related assumptions:
· 20 ms SMTC periodicity
· 2 ms SMTC window for intra-frequency RRM measurement, assuming synchronized deployment
· [5 ms SMTC window and 6 ms measurement gap for inter-frequency RRM measurement]
· Note: RAN4 requirement assumes one frequency layer per measurement gap, and 0.5 ms is assumed for switch in/out a frequency layer
· Note: the inclusion of potential TRS/CSI-RS occasions can be considered
Agreements:
· For the study of paging enhancement, 1, 2, or 3 SS burst processing is assumed before PO
· Note: in choosing one or more values (1, 2, or 3) for the evaluations, companies to provide justification



	· Power State
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1

	Light Sleep (PLS)
	20

	Micro sleep (PMS)
	45

	PDCCH-only (PPDCCH)
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	120

	PDSCH-only (PPDSCH)
	112

	SSB/CSI-RS proc. (PSSB)
	50

	Intra-frequency RRM measurement (Pintra)
	· [60] (synchronous case, N=8, measurement only; Pintra, meas-only)
· [80] (combined search and measurement; Pintra, search+meas)

	Inter-frequency RRM measurement (Pinter)
	· [60] (measurement only per freq. layer; Pinter, meas-only)
· [150] (neighbor cell search power per freq. layer; Pinter, search-only)
· Micro sleep power assumed for switch in/out a freq. layer


Power evaluation is performed for the following techniques.
	Agreements:
For potential paging enhancements, RAN1 to study the following candidate schemes:
· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
· DCI-based indication, e.g., based on 
· Extending existing DCI format 1_0 or 2_6 
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
· Sub-grouping for paging, based on 
· Legacy paging DCI
· Paging early indication
· Additional reception occasions in time/frequency domain
· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH
· Other proposal is not precluded



UE sub-grouping
We first evaluate the idle/inactive mode power saving gain for UE sub-grouping. It is assumed that UEs in the same PO are further split into 10 groups. This results in a reduced paging rate equal to 1.05%. Same-slot scheduling of paging PDSCH is assumed. The evaluation applies to legacy paging DCI with same-slot scheduling, additional reception occasions in time/frequency domain and multiple P-RNTIs. 
[image: ]
The evaluation results in the table below show marginal power saving gain. This is because UE sub-grouping itself only helps save power by reducing the paging PDSCH sampling buffering and decoding. It does not save power for other more power consuming operations such as SSB reception for tracking loop update and associated light sleeps. Because of the limited power saving gain, paging early indication is needed to enhance idle/inactive mode power performance.
[bookmark: o1]Observation 1: UE sub-grouping alone provides limited power saving gain.
	SINR condition
	Low
	Medium
	High with 4ms PO
	High with 1ms PO

	Baseline power
	3.238
	2.816
	1.875
	1.743

	UE subgrouping power (gain)
	3.219 (0.61%)
	2.797 (0.7%)
	1.855 (1.05%)
	1.739 (0.28%)



Paging early indication
We then evaluate power saving gain for various paging early indication (PEI) techniques. The evaluation applies to DCI based indication, RS or sequence-based indication, legacy paging PDCCH with cross-slot scheduling of paging PDSCH. We compared six different locations for PEI transmission for different SINR scenarios.
[image: ]
The results show essential power saving gain which is mainly due to the skipping of SSB bursts and reduction of UE light sleep time when the UE is not paged. Optimal location is different for different SINR conditions. Besides, for PDCCH-based and RS/sequence-based PEI, the usable location can be different. For example, if PDCCH decoding has higher timing and frequency synchronization requirement than RS/sequence reception, the UE may have to receive an SSB burst first to have tracking loops updated for PDCCH. 
[bookmark: o2]Observation 2: Paging early indication (PEI) can provide essential power saving gain for idle and inactive mode UEs
· Optimal location of PEI transmission can be different for different SINR conditions
· Optimal location of PEI transmission can be different for PDCCH-based and RS/sequence-based due to potential different requirement of time and frequency synchronization and AGC accuracy
· When UE sub-grouping is adopted, it provides another 1% power saving gain in addition to that of PEI.

	SINR condition
	Low
	Medium
	High with 4ms PO
	High with 1ms PO

	Baseline power
	3.238
	2.816
	1.875
	1.743

	Early paging indication without UE sub-grouping power (gain)
	Location 1: 2.66 (17.8%)
Location 2: 2.728 (15.7%)
Location 3: 3.053 (5.7%)
Location 4: 3.095 (4.4%)
Location 5: 3.095 (4.4%)
Location 6: 3.095 (4.4%)
	Location 1: 2.655 (5.7%)
Location 2: 2.651 (5.8%)
Location 3: 2.639 (6.3%)
Location 4: 2.673 (5%)
Location 5: 2.673 (5%)
Location 6: 2.673 (5%)
	Location 1: 1.93 (-2.9%)
Location 2: 1.93 (-2.9%)
Location 3: 1.954 (-4.2%)
Location 4: 1.917 (-2.2%)
Location 5: 1.579 (15.7%)
Location 6: 1.578 (15.8%)
	Location 1: 1.90 (-9.1%)
Location 2: 1.90 (-9.1%)
Location 3: 1.93 (-10.5%)
Location 4: 1.89 (-8.3%)
Location 5: 1.55 (11.04%)
Location 6: 1.55 (11.09%)

	Early paging indication with UE sub-grouping with 10 groups (gain)
	Location 1: 2.581 (20.3%)
Location 2: 2.656 (17.9%)
Location 3: 3.014 (6.9%)
Location 4: 3.06 (5.5%)
Location 5: 3.06 (5.5%)
Location 6: 3.06 (5.5%)
	Location 1: 2.58 (8.4%)
Location 2: 2.58 (8.4%)
Location 3: 2.60 (7.7%)
Location 4: 2.64 (6.3%)
Location 5: 2.64 (6.3%)
Location 6: 2.64 (6.3%)
	Location 1: 1.88 (-0.26%)
Location 2: 1.88 (-0.26%)
Location 3: 1.90 (-1.5%)
Location 4: 1.87 (0.47%)
Location 5: 1.53 (18.5%)
Location 6: 1.53 (18.5%)
	Location 1: 1.88 (-7.6%)
Location 2: 1.88 (-7.6%)
Location 3: 1.90 (-9.0%)
Location 4: 1.86 (-6.8%)
Location 5: 1.52 (12.5%)
Location 6: 1.52 (12.5%)



Additional RS
Additional TRS/CSI-RS transmission can also bring power saving gain to idle/inactive UEs. We considered the case that the RS has 20ms periodicity and RS occasions and SSB occasions are uniformly distributed in time which essentially constitutes a 10ms joint periodicity of the RS and SSB occasions. Then the UE light sleep duration can be reduced for power saving.
[image: ]
Results show that the lower the SINR the higher the additional power saving gain and there is nearly no power saving gain for high SINR condition. This is because even for the high SINR case, the UE still processes one SSB burst for intra-frequency measurement. When RS location is different than the example and RS is used for RRM measurement, there can be some power saving gain too. 
[bookmark: o3]Observation 3: Additional TRS or CSI-RS can provide power saving gain for idle and inactive mode UEs because the joint periodicity of SSB and TRS/CSI-RS is reduced from 20ms SSB periodicity.

	SINR condition
	Low
	Medium
	High with 4ms PO
	High with 1ms PO

	Baseline power
	3.238
	2.816
	1.875
	1.743

	Power with additional RS without UE sub-grouping (gain)
	2.863 (11.6%)
	2.59 (8%)
	1.875 (0%)
	1.743 (0%)

	Power with RS with UE sub-grouping of 10 groups (gain)
	2.844 (12.2%)
	2.57 (8.7%)
	1.855 (1.05%)
	1.739 (0.28%)



Detection probability of paging early indication
In this section, we provide link level simulation results for PDCCH and CSI-RS based PEI detection. 
	Parameters
	Values

	Carrier Frequency
	4GHz (FR1)

	Transmission BW
	20MHz (FR1)

	Antenna Configuration
	2TX and 2 RX

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

	Frequency error
	0 ppm as baseline and maximum 0.1 ppm frequency offset

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

	Paging early indication design(s)
	PDCCH, CSI-RS with 1 OFDM symbol and RE density = 3 REs/RB


PDCCH
For PDCCH based PEI detection, we collected the detection error probability results under the assumption that maximum 0.1ppm frequency error exists before PDCCH reception. PDCCH parameters are included in the table above. Results show that there is nearly no performance difference when frequency error emerges.
[image: ]
CSI-RS
For CSI-RS based PEI, we collected results for 1%, 15% and 45% false alarm rates. The results show that performance of the CSI-RS based PEI is not sensitive to the maximum 0.1ppm frequency error. Unlike PDCCH based solution, the RS based PEI can have a flexible tradeoff between false alarm rate and missed detection rate based on UE implementation. If UE can track the downlink SINR condition in idle/inactive mode, it can choose a proper detection threshold. In particular, if the UE uses a relatively low detection threshold for low SINR, it equivalently disables the PEI function for more robust detection at the cost of power saving gain loss.
	[image: ]
	[image: ]
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[bookmark: o4]Observation 4: Neither PDCCH based nor the RS/sequence-based paging early indication is sensitive to the maximum 0.1ppm frequency error.
[bookmark: o5]Observation 5: RS/sequence-based paging early indication allows a tradeoff between false alarm rate and missed detection rate based on UE implementation.
Technical considerations and proposals
Paging early indication
For paging early indication (PEI), one of the key design aspects is the transmission location of the PEI. As shown by power saving gain evaluation results, different locations of the PEI transmission have different power saving gain. In general, it is better to place the PEI before all SSB/RS occasions that UE needs to process for PDSCH decoding. Then the UE in low SINR or RedCap UE may need to process multiple SSB/RS occasions for PDSCH decoding if the UE is paged. Otherwise the UE can skip SSB/RS occasions before the PO if it is not paged. A possible exception could be that for PDCCH based PEI, the first SSB/RS occasion needs to be always processed to refine DL synchronization for PDCCH decoding. This is shown by the following figures where the UE can benefit from skipped SSB (and RS if additional RS is configured) processing and increased deep sleep duration. 


In the meanwhile, it is better to place the paging early indication close to the PO because once the UE wakes up to receive the PEI, it has to stay in light sleep during the remaining time to the PO if it is paged. Below figures show examples for how to maximize deep sleep time and minimize light sleep time based on locations of PDCCH based PEI for low SINR and high SINR.


Since base station does not know the UE’s SINR condition, to account for the optimal PEI location for UEs with different SINR conditions, base station may need to transmit the PEI at multiple locations to help all UEs gain the most power saving gain.
[bookmark: o6]Observation 6: Paging early indication may need to be transmitted at multiple locations for each PO to account for different SINR conditions for the UEs associated with the same PO. 
Regarding PEI techniques, in RAN1 #102-e, a few options were identified and included in the meeting agreements including
· Legacy paging PDCCH based indication with DCI format 1_0
· DCI 2_6 type of PDCCH based indication
· New DCI based indication
· RS or sequence-based indication
· Cross-slot scheduling of paging PDSCH
Because most of the power saving gain comes from skipping of SSB bursts and extended deep sleep before the PO, legacy paging PDCCH based indication and cross-slot scheduling of paging PDSCH are essentially the same. Cross-slot scheduling of paging PDSCH is already supported by NR paging mechanism. Therefore, this solution results in the least spec change. Besides, power saving gain can be further improved by sub-grouping of UEs in the same PO based on multiple P-RNTIs or additional indication in the unused bits. 
[bookmark: o7]Observation 7: Paging early indication based on legacy paging PDCCH with cross-slot scheduling of paging PDSCH has the least impact to Rel-17 NR standard.
Apparently, DCI format 2_6 for connected mode wakeup signal is the counterpart of the idle/inactive mode PEI. DCI format 2_6 is designed as a UE group based signaling. In addition, DCI format 2_6 can be used to indicate SCell dormancy for groups of SCells configured to the UE. For Rel-17 idle/inactive, additional CSI-RS/TRS is being discussed in the companion session of the idle/inactive mode power saving where an open design aspect is how to indicate the availability of the additional CSI-RS/TRS. It is convenient to replace the SCell dormancy indication function with availably indication of additional CSI-RS/TRS. Similar to SCell dormancy, CSI-RS/TRS groups can also be defined to manage the signaling overhead.
[bookmark: o8]Observation 8: DCI format 2_6 can be extended to carry the idle/inactive paging early indication and indication of availability of the additional CSI-RS/TRS.
Other than the cross-slot scheduling paging PDCCH and extension of DCI format 2_6, there is no technical motivation to have another new DCI for the paging early indication design. In addition, compared to existing RS or DCI based PEI, new RS or sequence-based PEI is a brand-new design for NR and therefore can result in unnecessary impact to specification for Rel-17.
[bookmark: o9]Observation 9: Compared to existing RS (i.e., TRS/CSI-RS) and DCI (i.e., cross-slot scheduling paging DCI or DCI format 2_6) based paging early indication, new RS or sequence-based design has unnecessary impact to Rel-17 NR standard.
Based on these, we have the following proposal for Rel-17 idle/inactive PEI design.
[bookmark: p1]Proposal 1: For NR Rel-17, do not support new sequence or new DCI as paging early indication (PEI) design for idle/inactive mode UE.
UE sub-grouping
An idle/inactive UE monitors PDCCH with CRC scrambled by P-RNTI in associated paging occasions (POs). Once the PDCCH is decoded, the UE will further decode the scheduled PDSCH to check whether it is actually paged by searching for the UE identity within the paging message. As a result, as long as any UE within UEs sharing the same PO is paged, all UEs need to decode the scheduled PDSCH. This results in the unnecessary paging reception (UPR) issue.
For NR Rel-15 and 16 UEs, UPR is not considered as a major problem because idle/inactive mode power consumption is not a material portion of the total power consumption. However, for low complexity UEs such as the RedCap UE that is discussed in Rel-17, power consumption in RRC Idle/Inactive becomes a considerable factor in battery life especially when repetition for paging is required.
UPR can be alleviated by splitting UEs that share the same PO into UE groups. If network wants to page a UE in one group, UEs in the other groups in the same PO do not need to decode the paging message. The key for UPR reduction is to indicate whether the UE or a smaller group of UEs containing the UE is paged before the UE decodes the paging PDSCH. Regarding UE sub-grouping techniques, in RAN1 #102-e, a few options were identified and included in the meeting agreements including
· Legacy paging DCI
· Paging early indication
· Additional reception occasions in time/frequency domain 
· Multiple P-RNTIs
For the legacy paging DCI, the UE sub-group information needs to be carried by unused bits of the DCI format 1_0. The reserved bits field can be used to indicate whether a UE’s associated UE group is paged. In addition, if value of the Short Message Indicator is 01, the Short Message field (8bits) is reserved and can be used to make the group size even smaller. Otherwise, the last 5 bits of the Short Message field are still unused. If the DCI only includes the short message, scheduling field of paging PDSCH can be used. 
[bookmark: o10]Observation 10: Unused bits of the paging PDCCH can be used to indicate the paged UE groups. These include
· Reserved bits to indicate the paged UE groups in the PO
· Unused bits 4 to 8 in the Short Message field
· If Short Message Indicator is 01, the entire Short Message field
· If Short Message Indicator is 10, the scheduling field.
The multiple P-RNTI solution has the least impact to PHY standard. With this solution, a paging DCI is addressed to the P-RNTI associated with the intended UE and different UEs sharing the same PO can use different P-RNTIs. UEs in the same PO group but with different P-RNTIs will not decode paging message sent in that PO. Regarding the UE group information, it should be broadcast or specified in specifications. The linkage between a UE and its group can be based on the UE’s ID. Figures below show examples where the UE determines its associated P-RNTI, decodes the paging PDCCH and further decides to decode the paging message or not.
[bookmark: _Toc47514389][bookmark: o11]Observation 11: The multiple P-RNTI solution has the least impact to PHY standard. The set of P-RNTIs can be provided in a SIB or defined in specifications. The UE is associated with a group and the corresponding P-RNTI based on the UE’s ID.
	

	UE1’s group is paged. UE1 decodes both PDCCH and PDSCH.

	

	UE2’s group is not paged. UE2 decodes PDCCH but does not decode PDSCH.


As discussed also in the PEI design, DCI format 2_6 is convenient for indicating the wake up of groups of UEs when it is extended from connected mode to idle/inactive mode. The following figure shows the structure of a DCI format 2_6 for Rel-16 connected mode wake up before the CDRX on duration. Similarly, when extended to idle/inactive mode, each content field can be used as the paging early indication for a sub-group of UEs. Bits of each content field can be used to indicate the availability of additional CSI-RS/TRS to the sub-group of UEs.
[bookmark: o12]Observation 12: If DCI format 2_6 is adopted as paging early indication, it can enable UE sub-grouping of idle/inactive mode UEs in the same PO.


It is also possible to have a RS based PEI. Then either the presence or absence of a single RS, or selection between two RSs can indicate whether the UE is paged or not.
[bookmark: o13]Observation 13: For RS based PEI, subgrouping can be realized by associating the RS with a sub-group of UEs.
The last option for UE sub-grouping is the additional reception occasions in time/frequency domain approach. This essentially creates multiple TDM’ed or FDM’ed POs. When additional POs are created in frequency domain, the expanded frequency domain bandwidth by these POs exceeds the bandwidth of initial downlink bandwidth. Because the idle/inactive mode UE needs to monitor the initial downlink bandwidth already for broadcast PDCCH, the FDM’ed PO requires idle/inactive UEs to monitor a wider bandwidth. This is not preferred by idle/inactive UEs. As discussed early, the PEI design essentially requires a time domain separation between the PEI and the paging occasion to skip SSB bursts that are only needed for paging PDSCH decoding. This means the TDM’ed PO (at least with legacy PO) is already a basic assumption for PEI design.
[bookmark: o14]Observation 14: Additional PO in frequency domain has an impact to the minimum bandwidth to be monitored by idle/inactive mode UE. Additional PO in time domain is already implied by paging early indication design and hence no need to be separately discussed.
As shown by power saving gain evaluation results, UE sub-grouping itself does not provide much power saving. It should be jointly applied with PEI to have essential gain. For Rel-17 idle/inactive mode power saving enhancements, the additional TRS/CSI-RS is a reused RS that was configured to some connected mode UE first. Then network may turn off a RS more dynamically than a cell specific broadcast RS when the connected mode UE does not need the RS anymore. Based on these, it is necessary to jointly consider the design for Rel-17 for all the three aspects.
[bookmark: p2]Proposal 2: Paging early indication, UE sub-grouping and availability indication of additional TRS/CSI-RS should be jointly designed if they are adopted by Rel-17.
Conclusions
In this paper, we discussed idle/inactive UE power consumption model and paging reduction techniques for NR Rel-17 power saving enhancements. We made the following observations and proposals
Observation 1: UE sub-grouping alone provides limited power saving gain.
[bookmark: _GoBack]Observation 2: Paging early indication (PEI) can provide essential power saving gain for idle and inactive mode UEs
· Optimal location of PEI transmission can be different for different SINR conditions
· Optimal location of PEI transmission can be different for PDCCH-based and RS/sequence-based due to potential different requirement of time and frequency synchronization and AGC accuracy
· When UE sub-grouping is adopted, it provides another 1% power saving gain in addition to that of PEI.
Observation 3: Additional TRS or CSI-RS can provide power saving gain for idle and inactive mode UEs because the joint periodicity of SSB and TRS/CSI-RS is reduced from 20ms SSB periodicity.
Observation 4: Neither PDCCH based nor the RS/sequence-based paging early indication is sensitive to the maximum 0.1ppm frequency error.
Observation 5: RS/sequence-based paging early indication allows a tradeoff between false alarm rate and missed detection rate based on UE implementation.
Observation 6: Paging early indication may need to be transmitted at multiple locations for each PO to account for different SINR conditions for the UEs associated with the same PO. 
Observation 7: Paging early indication based on legacy paging PDCCH with cross-slot scheduling of paging PDSCH has the least impact to Rel-17 NR standard.
Observation 8: DCI format 2_6 can be extended to carry the idle/inactive paging early indication and indication of availability of the additional CSI-RS/TRS.
Observation 9: Compared to existing RS (i.e., TRS/CSI-RS) and DCI (i.e., cross-slot scheduling paging DCI or DCI format 2_6) based paging early indication, new RS or sequence-based design has unnecessary impact to Rel-17 NR standard.
Observation 10: Unused bits of the paging PDCCH can be used to indicate the paged UE groups. These include
· Reserved bits to indicate the paged UE groups in the PO
· Unused bits 4 to 8 in the Short Message field
· If Short Message Indicator is 01, the entire Short Message field
· If Short Message Indicator is 10, the scheduling field.
Observation 11: The multiple P-RNTI solution has the least impact to PHY standard. The set of P-RNTIs can be provided in a SIB or defined in specifications. The UE is associated with a group and the corresponding P-RNTI based on the UE’s ID.
Observation 12: If DCI format 2_6 is adopted as paging early indication, it can enable UE sub-grouping of idle/inactive mode UEs in the same PO.
Observation 13: For RS based PEI, subgrouping can be realized by associating the RS with a sub-group of UEs.
Observation 14: Additional PO in frequency domain has an impact to the minimum bandwidth to be monitored by idle/inactive mode UE. Additional PO in time domain is already implied by paging early indication design and hence no need to be separately discussed.
Proposal 1: For NR Rel-17, do not support new sequence or new DCI as paging early indication (PEI) design for idle/inactive mode UE.
Proposal 2: Paging early indication, UE sub-grouping and availability indication of additional TRS/CSI-RS should be jointly designed if they are adopted by Rel-17.
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