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1	Introduction
At RAN2#105, the following was agreed [1]:
5 A UE can be configured for an additional number of monitoring occasions at or after or before (FFS) its calculated PO (when the paging message can be transmitted
a. FFS dynamic extension
b. FFS dynamic termination

At RAN2#106, only the following was agreed for additional PDCCH monitoring occasions for paging:
· [bookmark: _Hlk20495066]We extend paging monitoring by extending PDCCH occasions for a PO

At the RAN2#107 meeting, it was agreed to support PO extension by a factor of ‘X’:
PO consists of ‘S × X’ PDCCH monitoring occasions for paging, where 'S' is the number of actual transmitted SSBs and ‘X’ is the number of PDCCH monitoring occasions per SSB. 
Parameter 'X' is signaled in paging configuration (i.e. pcch-Config). Parameter Name FFS
However, the issues highlighted above and the value range for ‘X’ has to be resolved.
At RAN2#107, also an LS to RAN1 was agreed on dynamic termination including the following question:
Question to RAN1: Are there any other DL signals (other than transmission addressed to P-RNTI) that can be reliably detected for the purpose of the UE stopping the monitoring of the additional PDCCH monitoring occasions at a given paging occasion?

[bookmark: _Ref178064866]2	Discussion
2.1	PO extension
2.1.1	PO extension design
Even though it may be implicitly understood, it should be clarified how the additional PDCCH monitoring occasions (PMOs) are mapped with regard to the SSB. The legacy set of PDCCH monitoring occasions is in the following referred to as PMO subset covering a full beam sweep.
For PO extension, the existing mapping is maintained and repeated (X-1) times. As a consequence, there are in total X subsets of S consecutive PMOs in the extended PO. This is illustrated in Figure 1 for an extension factor of X=2, i.e. in this example, there is one additional subset, each subset corresponding to one SSB burst.
[image: ]
[bookmark: _Ref4668905]Figure 1: PO extension using repeated beam sweeps
This is quite similar to the existing OSI transmission concept within an SI-window, as described in TS 38.331 clause 5.2.2.3.2: 
The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N).
· The parameter N used in 38.331 corresponds to the parameter S used in 38.304 and corresponds to the number of beams
· For SI transmission, the number of subsets X used to derive the number of SI transmission opportunities per beam (SSB) is derived from the number of PMOs within an SI-window and from the number of beams N
· For the PO extension, the extension factor X for is explicitly signalled
· K is the beam index with the PMO subset x, where x  = 0, 1, ...X-1 
The PO extension is also in-line with the latest RAN1 agreement from last meeting for DRS transmission.
[bookmark: _Hlk23857468][bookmark: _Hlk23856648]RAN1#98 agreement:
· For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE.
· A is the PBCH DMRS sequence index.
In a simplified view, we can state that 
· The Kth beam index QCL_i maps to the PMO index (x×S+K), where the beam index QCL_i = modulo(A,Q)
· Q is the maximum number of transmitted SSBs/beams, and S can be derived from the parameter Q and the ssb-PositionsInBurst
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[bookmark: _Ref23859213]Figure 2: Illustration of SSB positions (SSB_i) and beam indices (K or QCL_i) and paging transmission. 
Figure 2 shows the SSB position SSB_i in the first row. The second row illustrates the SSB relation for the PMO subsets, and the third row shows a paging transmission example assuming that the number of beams S = Q = 4 and that the first two SSB positions have to be skipped due to LBT failure.
[bookmark: _Toc16798215][bookmark: _Toc16798236][bookmark: _Toc4675060][bookmark: _Toc4708122][bookmark: _Toc4708185][bookmark: _Toc4710808][bookmark: _Toc13758601][bookmark: _Toc13817088][bookmark: _Toc13842362][bookmark: _Toc14102319][bookmark: _Toc14102362][bookmark: _Toc14102368][bookmark: _Toc14102374][bookmark: _Toc14102380][bookmark: _Toc14102394][bookmark: _Toc14102401][bookmark: _Toc14102408][bookmark: _Toc16170128][bookmark: _Toc16524035][bookmark: _Toc24035761][bookmark: _Hlk23858638]Clarify that the SSB relation remains unchanged across the ‘X’ PMO subsets
2.1.2	Specification details for extended PO configuration
Parameter 'X' is signaled in paging configuration (i.e. pcch-Config). Parameter Name FFS
‘X’ is the number of PDCCH monitoring occasions per SSB. 

The parameter names in RRC are typically more descriptive than just using a non-descriptive letter. 
Different parameter names were proposed:

	Parameter name proposal
	Comment

	numPDCCH-MonitoringOccasionsPerSSB
	Proposed in R2-1912428 [4];
Drawbacks: 
- relation to SSB could be misinterpreted 
- does not mention paging or paging opportunity (PO)

	extensionFactorForPO
	Proposed in R2-1909354 [9]; 
- the name suggests that the PO is extended
- avoids explicit usage of “PDCCH monitoring occasion” and avoids putting a relation to SSB.

	additionalMonitoringOccasionOfPO
	Proposed in R2-1914001 [10]
- The parameter name is not reflecting the intention as the parameter should indicate the total number of PDCCH monitoring occasions (PMO) per SSB within the extended paging occasion and not the additional number of PMOs
- The name is not aligned with existing parameter names, such as firstPDCCH-MonitoringOccasionOfPO, i.e. the current name hints to additional POs rather than suggesting extended POs as per agreement.



Based on the analysis above, we think that ‘extensionFactorForPO’ is an appropriate parameter name. The name suggests that the PO is extended.

[bookmark: _Toc24035762]Use the parameter/field name ‘extensionFactorForPO’ to describe the number of PDCCH monitoring occasions per SSB in an extended PO.
2.1.3 	Value range for the PO extension factor X
In R2-1912428 [4] and R2-1906591 [5], it was proposed to use the following values for the extension factor X: {2, 4, 8} and  {2, 4, 8, 16}, respectively.
However, extending the PO by multiples of 2 would make it difficult to align with DRS transmission opportunities. 
RAN1#96bis agreement:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.

The maximum number of candidate SSB positions is Y. If we want to multiplex DRS and paging transmissions, it should always be possible to configure the extension factor X, such that the number of PMOs is the same as the number of candidate SSB positions. If the number of candidate SSB positions is configurable, the value ranges should be aligned. 
It would therefore make more sense to define integer values between 2 and 20, resulting in 5 bits, to allow full flexibility, e.g. for S=4, the whole DRS transmission window could be exploited only if we allow X=5, as X=8 would exceed the DRS transmission window.
Allowing for fine granular values also allows to adapt to the configured SSB positions within the DRS transmission window.

	Number of beams S
	PO Extension Factor X
	Number of SSB positions X*S

	1
	INTEGER {2..20}
	INTEGER {2..20}

	2
	INTEGER {2..10}
	{4, 6, 8, 10, 12, 14, 16, 18, 20}

	3
	{2, 3, 4, 5, 6}
	{6, 9, 12, 15, 18}

	4
	{2, 3, 4, 5}
	{8, 12, 16, 20}

	5
	{2, 3, 4}
	{10, 15, 20}

	6
	{2, 3}
	{12, 18}

	8
	{2}
	{16}



[bookmark: _Toc24035763][bookmark: _Toc16524040][bookmark: _Toc16798220][bookmark: _Toc16798241]The values for the extension factor X should be integer values ranging from 2 to 20. 
2.1.4 	Additional PMOs before the calculated PO 
According to the agreements listed in [1], it is still FFS whether the additional PMOs can be added before the calculated PO. Given that we can use firstPDCCH-MonitoringOccasionOfPO, which allows flexible configuration of “PO start” relative to the PF, there is no obvious benefit defining a calculated PO, and then require the UE to monitor PDCCH occasions before the PO start. 

[bookmark: _Toc4708121][bookmark: _Toc4708186][bookmark: _Toc4710809][bookmark: _Toc24035767]Starting PDCCH monitoring occasions at the beginning of the calculated PO as in legacy NR Rel-15 keeps UE behavior simple.
[bookmark: _Toc4708123][bookmark: _Toc4708187][bookmark: _Toc4710810][bookmark: _Toc13758604][bookmark: _Toc13817091][bookmark: _Toc13842365][bookmark: _Toc14102322][bookmark: _Toc14102365][bookmark: _Toc14102371][bookmark: _Toc14102377][bookmark: _Toc14102383][bookmark: _Toc14102397][bookmark: _Toc14102404][bookmark: _Toc14102411][bookmark: _Toc16170131][bookmark: _Toc16524039][bookmark: _Toc16798219][bookmark: _Toc16798240][bookmark: _Toc24035764]The NR Rel-15 PO calculation is reused, i.e. the legacy set starts according to legacy, and the additional beam sweeping set(s) occupy the subsequent PDCCH monitoring occasions (PMOs).
2.2	Dynamic extension 
FFS from RAN2#105:
a.	FFS dynamic extension
In R2-1901455 [6] , it was proposed to configure the UE with conditional POs that may be triggered to be active depending on the channel occupancy of the unlicensed channel. For example, in high occupancy, a UE may monitor multiple POs (or rather PMO), whereas in low channel occupancy, the UE can monitor a single PO in a single PF (or rather PMO) per DRX cycle. However, the UE may experience the channel as being more busy than the network does or vice versa. It may lead to that the UE and the gNB are not synchronized regarding how many POs the UE monitors. Therefore, the proposed solution will not work.
Also, this kind of dynamic extension would require RRC_IDLE/RRC_INACTIVE mode UEs to performance channel occupancy measurements. This increases UE complexity by introducing dependencies in the UE on channel occupancy measurements that may be different at various locations and different from gNB point-of-view.
[bookmark: _Toc4708124][bookmark: _Toc4708188][bookmark: _Toc4710811][bookmark: _Toc14102398][bookmark: _Toc14102405][bookmark: _Toc14102412][bookmark: _Toc16170132][bookmark: _Toc16524041][bookmark: _Toc16798221][bookmark: _Toc16798242][bookmark: _Toc24035765]Dynamic extension of the PO based on channel occupancy is not supported.
2.3	Dynamic termination 
FFS from RAN2#105:
b.	FFS dynamic termination
At RAN2#107, there was an email discussion about early termination of page monitoring, resulting in the following question to RAN1, see R2-1911540 [2]:
Question to RAN1: Are there any other DL signals (other than transmission addressed to P-RNTI) that can be reliably detected for the purpose of the UE stopping the monitoring of the additional PDCCH monitoring occasions at a given paging occasion?
At RAN1#98bis RAN1 reached the following agreement, see R1-1911705 [8]:
· There are other signals/channels that can be detected with similar reliability to a DCI with CRC scrambled with a P-RNTI (e.g., PDCCHs with CRC scrambled with other RNTIs)
· There is no consensus in RAN1 on using these other signals/channels for the purpose of the UE stopping the monitoring of the additional PDCCH monitoring occasions at a given paging occasion.
As there was no consensus in RAN1 and early termination of page monitoring based on detection of other downlink signals/channels than P-RNTI was considered as optimization by most companies according to the email discussion summarized in R2-1911802 [3], we propose the following:
[bookmark: _Toc24035766]No other mechanisms are introduced for early termination of page monitoring other than decoding PDCCH addressed to P-RNTI.
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3	Text Proposal
3.1	Text proposal for 38.331
[bookmark: _Toc12718276]–	DownlinkConfigCommonSIB
The IE DownlinkConfigCommonSIB provides common downlink parameters of a cell.
DownlinkConfigCommonSIB information element
-- ASN1START
-- TAG-DOWNLINKCONFIGCOMMONSIB-START


DownlinkConfigCommonSIB ::=     SEQUENCE {
    frequencyInfoDL                 FrequencyInfoDL-SIB,
    initialDownlinkBWP              BWP-DownlinkCommon,
    bcch-Config                         BCCH-Config,
    pcch-Config                         PCCH-Config,
    ...
}


BCCH-Config ::=                 SEQUENCE { 
    modificationPeriodCoeff         ENUMERATED {n2, n4, n8, n16},
    ...
}

PCCH-Config ::=             SEQUENCE {
    defaultPagingCycle                  PagingCycle,
    nAndPagingFrameOffset               CHOICE {
        oneT                                NULL,
        halfT                               INTEGER (0..1),
        quarterT                            INTEGER (0..3),
        oneEighthT                          INTEGER (0..7),
        oneSixteenthT                       INTEGER (0..15)
    },
    ns                                  ENUMERATED {four, two, one},
    firstPDCCH-MonitoringOccasionOfPO   CHOICE {
[bookmark: _Hlk16547404]        sCS15KHZoneT                                                            SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),
        sCS30KHZoneT-SCS15KHZhalfT                                              SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),
        sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                             SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),
        sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT         SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),
        sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT
                                                                                SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),
        sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT              SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
        sCS120KHZoneEighthT-SCS60KHZoneSixteenthT                               SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
        sCS120KHZoneSixteenthT                                                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
    }   OPTIONAL,           -- Need R
    ...,
	[[	extensionFactorForPO 			INTEGER (2..20)											OPTIONAL, -- Need R 		--- value range FFS
	]]
}


-- TAG-DOWNLINKCONFIGCOMMONSIB-STOP
-- ASN1STOP

	PCCH-Config field descriptions

	defaultPagingCycle
Default paging cycle, used to derive 'T' in TS 38.304 [20]. Value rf32 corresponds to 32 radio frames, value rf64 corresponds to 64 radio frames and so on.

	extensionFactorForPO
The extension factor X for a PO as defined in TS 38.304 [20], clause 7.1.

	firstPDCCH-MonitoringOccasionOfPO
Points out the first PDCCH monitoring occasion for paging of each PO of the PF, see TS 38.304 [20].

	nAndPagingFrameOffset
Used to derive the number of total paging frames in T (corresponding to parameter N in TS 38.304 [20]) and paging frame offset (corresponding to parameter PF_offset in TS 38.304 [20]). A value of oneSixteenthT corresponds to T / 16, a value of oneEighthT corresponds to T / 8, and so on.
If pagingSearchSpace is set to zero and if SS/PBCH block and CORESET multiplexing pattern is 2 or 3 (as specified in TS 38.213 [13]):
-	for ssb-periodicityServingCell of 5 or 10 ms, N can be set to one of {oneT, halfT, quarterT, oneEighthT, oneSixteenthT}
-	for ssb-periodicityServingCell of 20 ms, N can be set to one of {halfT, quarterT, oneEighthT, oneSixteenthT}
-	for ssb-periodicityServingCell of 40 ms, N can be set to one of {quarterT, oneEighthT, oneSixteenthT}
-	for ssb-periodicityServingCell of 80 ms, N can be set to one of {oneEighthT, oneSixteenthT}
-	for ssb-periodicityServingCell of 160 ms, N can be set to oneSixteenthT
If pagingSearchSpace is set to zero and if SS/PBCH block and CORESET multiplexing pattern is 1 (as specified in TS 38.213 [13]), N can be set to one of {halfT, quarterT, oneEighthT, oneSixteenthT}
If pagingSearchSpace is not set to zero, N can be configured to one of {oneT, halfT, quarterT, oneEighthT, oneSixteenthT}

	ns
Number of paging occasions per paging frame.



4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Starting PDCCH monitoring occasions at the beginning of the calculated PO as in legacy NR Rel-15 keeps UE behavior simple.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Clarify that the SSB relation remains unchanged across the ‘X’ PMO subsets
Proposal 2	Use the parameter/field name ‘extensionFactorForPO’ to describe the number of PDCCH monitoring occasions per SSB in an extended PO.
Proposal 3	The values for the extension factor X should be integer values ranging from 2 to 20.
Proposal 4	The NR Rel-15 PO calculation is reused, i.e. the legacy set starts according to legacy, and the additional beam sweeping set(s) occupy the subsequent PDCCH monitoring occasions (PMOs).
Proposal 5	Dynamic extension of the PO based on channel occupancy is not supported.
Proposal 6	No other mechanisms are introduced for early termination of page monitoring other than decoding PDCCH addressed to P-RNTI.
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