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1	Introduction
To compensate for potential CCA failures in unlicensed spectrum, there was an agreement at RAN2#106 to provide additional opportunities for a gNB to transmit paging:
· We extend paging monitoring by extending PDCCH occasions for a PO

At RAN2#105bis, there was an agreement on dynamic termination [1]:
“when the UE detects a PDCCH transmission addressed to P-RNTI within the UE’s PO, it is not required to monitor the subsequent PDCCH monitoring occasions for this PO.“
At RAN2#106, there was additionally an assumption that the UE may stop PDCCH monitoring for paging also in other cases [1]: “RAN2 assumes that there may be other detection mechanisms to stop the UE from monitoring paging occasions, e.g. detection of gNB access to the channel. The other detection mechanisms are FFS.”
It should be clarified that the “other detection mechanisms” comprise detection of gNB access to the channel and are all FFS as compared to the already agreed detection of PDCCH addressed to P-RNTI.
Note that the specification TS 38.304 the term “PDCCH monitoring occasion” (or “PDCCH monitoring occasion for paging”) is used rather than “paging monitoring occasion”. In this contribution we will henceforth use the terminology from TS 38.304.
[bookmark: _Ref178064866]2	Discussion
Relevant text from TS 38.304 [2]:
	The PDCCH monitoring occasions for paging are determined according to pagingSearchSpace as specified in TS 38.213 [4] and firstPDCCH-MonitoringOccasionOfPO if configured as specified in TS 38.331 [3]. Otherwise, when SearchSpaceId = 0 is configured for pagingSearchSpace, the PDCCH monitoring occasions for paging are same as for RMSI as defined in clause 13 in TS 38.213 [4].
[bookmark: _Hlk515815985]When SearchSpaceId = 0 is configured for pagingSearchSpace, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts from the first PDCCH monitoring occasion for paging in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.
When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. The PDCCH monitoring occasions for paging which do not overlap with UL symbols are sequentially numbered from zero starting from the first PDCCH monitoring occasion in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S.
NOTE 1:	A PO associated with a PF may start in the PF or after the PF.
NOTE 2:	When SearchSpaceId other than 0 is configured for paging-SearchSpace, the PDCCH monitoring occasions for a PO can span multiple radio frames and multiple periods of the paging search space.



In NR Rel-15, the PDCCH monitoring occasions (PMO) per PO are calculated depending on the SearchSpaceId within the pagingSearchSpace configuration:
1) SearchSpaceId = 0 or absent
Ns is either 1 or 2. There can be one or two POs per paging frame and the PDCCH monitoring occasions for paging are derived from the same search space as the RMSI. This is configured in the pdcch-ConfigSIB1 in the MIB, whose interpretation is defined in chapter 13 of TS 38.213. The number of PDCCH monitoring occasions per PO is the same as the number of SSBs.

2) SearchSpaceId other than 0 
- A PO is a set of 'S' consecutive PDCCH monitoring occasions 
- S is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. 
- The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB.

According to the RAN2#105 agreement, a PO is extended to a window, referred to as paging window (PW), containing additional monitoring occasions, thus providing increased flexibility to the gNB when transmitting the paging and reducing the risk that some beam directions are not covered due to CCA failures.
· S: number of actual transmitted SSBs, i.e. number of beams
· X: extension factor, so that the PO consists of X transmission/monitoring occasions per beam
· There are X*S PDCCH monitoring occasions per extended PO (also referred to as paging window)
[bookmark: _Toc13758600][bookmark: _Toc13817087][bookmark: _Toc13842361][bookmark: _Toc14102318][bookmark: _Toc14102361][bookmark: _Toc14102367][bookmark: _Toc14102373][bookmark: _Toc14102379][bookmark: _Toc14102393][bookmark: _Toc14102400][bookmark: _Toc14102407][bookmark: _Toc16170127][bookmark: _Toc16524034][bookmark: _Toc16798214][bookmark: _Toc16798235]X is the extension factor to extend the PO, such that there are in total (X*S) PDCCH monitoring occasions per extended PO (or paging window)
2.1	PO extension design
A gNB can utilize the paging window (which from the UE perspective are PDCCH monitoring occasions, PMOs, for paging) in different ways to compensate for CCA failures. In NR Rel-15, a PO is a set of S consecutive PMOs, where the Kth PMO corresponds to the Kth transmitted SSB, and an SSB corresponds to a beam. 
For PO extension, this mapping is 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, whereas the extension factor X for the PO extension is explicitly signalled
· K is the beam index with the 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.
RAN1#97 agreement:
For a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE
· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index

We can assume that 
· A is the SSB candidate position index and corresponds to the PMO index (x×N+K) or (x×S+K).
· Q is the number of actual transmitted SSBs/beams and thus corresponds to N (or S)

[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]An extended PO consists of X subsets of S consecutive PDCCH monitoring occasions where the Kth PMO within a subset corresponds to the Kth transmitted SSB, i.e. the SSB relation remains unchanged across the X sets of PMOs  
As explained in [5], NR Rel-15 allows flexible configuration for PDCCH monitoring occasions (PMOs). The PMOs can (at least partly) be configured back-to-back without any gaps depending on the parameters chosen in RRC for the pagingSearchSpace (see ASN.1 code below) and the new Rel-16 extensionFactor X.
SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId  	OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                               OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)       OPTIONAL,   -- Need R

Figure 2: Relevant SearchSpace parameters in RRC
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[bookmark: _Ref13746651]Figure 3: PMOs with gaps within the same subset x and between repeated subsets
Depending on the PDCCH configuration, there may be gaps between the PDCCH monitoring occasions within a subset x as illustrated in Figure 4. So in principle, some beam transmissions within a specific subset x may fail, (PMOs corresponding to beams K=1 and K=2 in subset x=1), and already transmitted beams, here K=3 and K=4, will afterwards be skipped within the repeated subsets. 
[image: ]
[bookmark: _Ref13755118][bookmark: _Ref13755432] Figure 4: PMOs without any gaps within the same subset x
On the other hand, if the PMOs are configured densely enough as illustrated in Figure 5  the gNB may conclude the entire beam sweep following a single successful CCA. Further, the transmission does not necessarily start at the beginning of a beam sweep, but may start at the Kth position in subset x=2, and end at the (K-1)th position within subset x=3 as illustrated in Figure 5.
[bookmark: _Toc13758359][bookmark: _Toc13758503][bookmark: _Toc13758505][bookmark: _Toc13758507][bookmark: _Toc13758509][bookmark: _Toc13758511][bookmark: _Toc13758536][bookmark: _Toc13758602][bookmark: _Toc13817089][bookmark: _Toc13842363][bookmark: _Toc14102320][bookmark: _Toc14102363][bookmark: _Toc14102369][bookmark: _Toc14102375][bookmark: _Toc14102381][bookmark: _Toc14102395][bookmark: _Toc14102402][bookmark: _Toc14102409][bookmark: _Toc16170129][bookmark: _Toc16524036][bookmark: _Toc16798216][bookmark: _Toc16798237]PMOs can be efficiently utilized if they are configured densely enough to allow transmission of an entire beam sweep after a single successful CCA.
As highlighted by other companies, it may be useful to allow for larger gaps between the PMO subsets within the extended PO. With the slot periodicity for the pagingSeachSpace it may not be possible to create gaps between different PMO subsets as desired, e.g. if it is desired to keep the SSB transmissions in a back-to-back manner, also taking into account that the PMOs configured by the pagingSearchSpace overlapping with TDD UL symbols should be ignored when the UE monitors for paging, which is in accordance with legacy NR Rel‑15 behavior. 
[bookmark: _Toc13758360][bookmark: _Toc13758504][bookmark: _Toc13758506][bookmark: _Toc13758508][bookmark: _Toc13758510][bookmark: _Toc13758512][bookmark: _Toc13758537][bookmark: _Toc13758603][bookmark: _Toc13817090][bookmark: _Toc13842364][bookmark: _Toc14102321][bookmark: _Toc14102364][bookmark: _Toc14102370][bookmark: _Toc14102376][bookmark: _Toc14102382][bookmark: _Toc14102396][bookmark: _Toc14102403][bookmark: _Toc14102410][bookmark: _Toc16170130][bookmark: _Toc16524037][bookmark: _Toc16798217][bookmark: _Toc16798238]With legacy parameter settings for the pagingSearchSpace, the gNB may not be able to configure gaps between PMOs and/or PMO subsets as desired to adjust for long channel occupancies by other nodes. 
Similar as for the legacy paging configuration where an offset can be added for the PO using firstPDCCH-MonitoringOccasionOfPO, the same can be applied per PMO subset within the extended PO, i.e. firstPDCCH-MonitoringOccasionOfPMO-SubsetInPO can be introduced to solve this issue.
[bookmark: _Toc16524038][bookmark: _Toc16798218][bookmark: _Toc16798239]Introduce MonitoringOccasionOfPMO-SubsetInPO to allow for additional gaps between subsets of PDCCH monitoring occasions within the extended PO.
2.1.1 Additional PMOs before the calculated PO 
In [1], it is 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. 

Observation 1 [bookmark: _Toc4708121][bookmark: _Toc4708186][bookmark: _Toc4710809]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]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).
[bookmark: _Hlk13817999]2.1.2 Value range for the PO extension factor
In [7] and [8], 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, the number of candidate SSB positions and the extension factor X, it should be possible to configure X to the same value maximum value. 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 with values between 2 and 20, pending on RAN1 decision.

[bookmark: _Toc16524040][bookmark: _Toc16798220][bookmark: _Toc16798241]The values for the extension factor X should be integer values up to 20. The value range is FFS and pending RAN1 decision.

2.2	Dynamic extension 
In [3], 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, this kind of dynamic extension would require IDLE 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, reducing the predictability on UE behavior.
[bookmark: _Toc4708124][bookmark: _Toc4708188][bookmark: _Toc4710811][bookmark: _Toc14102398][bookmark: _Toc14102405][bookmark: _Toc14102412][bookmark: _Toc16170132][bookmark: _Toc16524041][bookmark: _Toc16798221][bookmark: _Toc16798242]Dynamic extension of the PO based on channel occupancy is not supported.
2.3	Dynamic termination
As indicated in the introduction, there was an assumption that additional detection mechanisms could be used to stop the UE from monitoring the PDCCH for paging notifications.
In R2-1906329 [6], it is stated that the UE should also stop monitoring paging if it can detect that the gNB had access to the channel even if the UE does not decode a P-RNTI (based on the assumption that this means that no paging is transmitted in this PO). Different detection mechanisms are currently being discussed in RAN1. 
Under the assumption that there are possibilities for the UE to detect downlink transmission burst from the gNB, there are some disadvantages with early termination of page monitoring. One major issue is the unpredictable channel occupancy by other transmitters, which would also impact DRS (SSB+SIB1) transmission. Depending on the size of SIB1 and the number of UEs to be simultaneously paged within a PO, it may not be possible to multiplex DRS and the paging message in the same slot, meaning that the DRS and the paging message have to be transmitted in different slots. So if the paging message has to be transmitted in the earliest possible PMO of the UE’s PO, this would potentially require the gNB to postpone its DRS transmission. As a consequence, gNB scheduling flexibility is restricted. That is, detecting that the gNB has access to the channel in combination with lack of detection of a P-RNTI in a subset of PMOs should not make the UE terminate its monitoring for paging in the PO. However, a reasonable trade-off between gNB scheduling flexibility and UE power saving is desirable.
Thus, depending on the needed paging capacity in a cell and SIB1 transmission size, it should be possible for a gNB to compromise between scheduling flexibility and power saving.
[bookmark: _Hlk16544476]One possibility to provide such a trade-off is to introduce a parameter pagelessMonitoringOccasions, which can be used to request the UE to monitor PMOs across multiple PMO subsets.
[bookmark: _Toc14102323][bookmark: _Toc14102366][bookmark: _Toc14102372][bookmark: _Toc14102378][bookmark: _Toc14102384][bookmark: _Toc14102399][bookmark: _Toc14102406][bookmark: _Toc14102413][bookmark: _Toc16170133][bookmark: _Toc16524042][bookmark: _Toc16798222][bookmark: _Toc16798243]The UE may stop PDCCH monitoring for paging when it has decoded PDCCH addressed to P-RNTI or alternatively, when it has monitored pagelessMonitoringOccasions in different PMO subsets in which it has detected gNB transmissions.
3	Conclusion
In the previous section we made the following observations and proposals: 
Proposal 1	X is the extension factor to extend the PO, such that there are in total (X*S) PDCCH monitoring occasions per extended PO (or paging window)
Proposal 2	An extended PO consists of X subsets of S consecutive PDCCH monitoring occasions where the Kth PMO within a subset corresponds to the Kth transmitted SSB, i.e. the SSB relation remains unchanged across the X sets of PMOs
Observation 1	PMOs can be efficiently utilized if they are configured densely enough to allow transmission of an entire beam sweep after a single successful CCA.
Observation 2	With legacy parameter settings for the pagingSearchSpace, the gNB may not be able to configure gaps between PMOs and/or PMO subsets as desired to adjust for long channel occupancies by other nodes.
Proposal 3	Introduce MonitoringOccasionOfPMO-SubsetInPO to allow for additional gaps between subsets of PDCCH monitoring occasions within the extended PO.
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	The values for the extension factor X should be integer values up to 20. The value range is FFS and pending RAN1 decision.
Proposal 6	Dynamic extension of the PO based on channel occupancy is not supported.
Proposal 7	The UE may stop PDCCH monitoring for paging when it has decoded PDCCH addressed to P-RNTI or alternatively, when it has monitored pagelessMonitoringOccasions in different PMO subsets in which it has detected gNB transmissions.

We have provided corresponding text proposals in our draft CRs [9] [10].
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