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1	Introduction
It has been recognized that the special conditions of operation in unlicensed spectrum has consequences for the way paging can be performed in NR-U. To compensate for potential CCA failures, RAN2 has agreed to provide additional opportunities for a gNB to transmit paging, which has been captured in the following quote from TR 38.889[1]:
“Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and have been identified and studied. It is therefore considered beneficial to enhance paging opportunities using the following mechanism:
-	Increased time-domain paging occasions or paging monitoring occasions.
-	This can enable additional paging occasions outside of DRS.”
At RAN2#105, it was agreed to provide additional paging opportunities using the second mechanism (use of extended paging occasion or paging occasion window, POW) [2]:
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)
FFS dynamic extension
FFS dynamic termination 

[bookmark: _Ref178064866]2	Discussion

Relevant text from TS 38.304 [3]:
	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 number of paging monitoring occasions are calculated depending on the SearchSpaceId within the pagingSearchSpace configuration:
1) SearchSpaceId = 0
Ns is either 1 or 2. There is only one paging monitoring occasion.

2) SearchSpaceId other than 0: multi-beam transmission
- 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 beams
· X: extension factor, so that the PO consists of X transmission/monitoring occasions per beam
· There are X*S monitoring occasions per paging window (or extended PO)
2.1	Mapping between beam directions and paging monitoring occasions within a paging window 
A gNB can utilize the paging  window (which from the UE perspective are PDCCH monitoring occasions) in different ways to compensate for CCA failures. One aspect which is affected by this choice is the UE’s ability to predict when the paging will be transmitted in a certain beam direction. This is essential for a UE which wishes to monitor only a single beam direction, based on previously acquired knowledge of the best beam (e.g. acquired from SSB/DRS reception). This is also connected to another affected aspect, which is the UE’s required potential monitoring time as well as its possibilities for micro-sleep periods within the paging window (PW). Hence, predictable mapping between the paging monitoring occasions (PMO) and beam direction is a desirable feature, but this will also reduce the scheduling flexibility, which means that the PMOs in the window may not be optimally utilized, as some PMOs may be skipped, which could have been used if the beam predictability was sacrificed. This conflict of interests provides room for different methods to be studied and potentially used in parallel. Some possible principles of such methods are described below.
[bookmark: _Toc4708118][bookmark: _Toc4708182][bookmark: _Toc4710805]It is desirable to maintain a predictable mapping between paging monitoring occasion (PMO) and beam in a paging window, in order to enable a UE to monitor a single selected beam.
[bookmark: _Toc4708119][bookmark: _Toc4708183][bookmark: _Toc4710806]It is desirable to allow full utilization of the PMOs configured in a paging window, i.e. to avoid unnecessarily skipping PMOs while there are still beams remaining to be transmitted.
Option 1) Consecutive PMOs for each beam
With this principle X PMOs are allocated to each beam as illustrated in Figure 1. The gNB attempts to transmit a certain beam until it is successfully transmitted or until the all X transmission attempts for that beam have failed.
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[bookmark: _Ref4668790]Figure 1: Extension per beam 
With this principle there is a predetermined mapping between PMO and beam direction and consequently a UE can limit its monitoring time to a small subwindow, e.g. monitoring the X PMOs associated with a single beam direction (but stops monitoring if it receives a paging transmission). However, when the gNB succeeds to transmit a beam, any remaining TXOPs allocated to that beam are skipped (in order to preserve beam predictability) before the next beam can be transmitted.
With this principle less is to gain from configuring PMOs so densely that multiple PMOs can be used after a single successful CCA.

Option 2) PMO mapping using beam sweeping
This approach is based on legacy NR Rel-15 where ‘S’ consecutive PMOs are defined per PO, where the Kth PMO corresponds to the Kth transmitted SSB. This mapping is repeated (X-1) times as illustrated in Figure 2 for an extension factor of X=2, i.e. one additional set.
[image: ]
[bookmark: _Ref4668905]Figure 2: Extension per beam sweep
Depending on the PDCCH configuration, there may be gaps between the PDCCH monitoring occasions, which is not illustrated in the figure. So in principle, some beam transmissions with the set “S” may in principle fail, such that some PMOs within the set may be skipped.  This principle preserves predictable PMO to beam mapping, but makes suboptimal use of the configured PMOs.
If the PMOs are configured dense enough the gNB may conclude the entire beam sweep following a single successful CCA. Thus, PMOs are not unnecessarily skipped. Depending on CCA success, the transmission does not necessarily start at the beginning of a beam sweep, but may start at position k in set x=0, and end at position (k-1) within set x=1 as illustrated in the right part of Figure 2.
[bookmark: _Toc4708120][bookmark: _Toc4708184][bookmark: _Toc4710807]If a PO consists of X sets of PMOs with unambiguous mapping beam sweeps and the PMOs are configured dense enough to allow transmission in multiple sequential PMOs (even across sets) after a single successful CCA, PMOs can be efficiently utilized.
[bookmark: _Toc513731599][bookmark: _Toc513731615][bookmark: _Toc513731669][bookmark: _Toc513731721][bookmark: _Toc513738284][bookmark: _Toc513738298]RAN2 should adopt the last of the above principles, i.e. configuring a PO to consist of X sets of PDCCH monitoring occasions (PMOs) with unambiguous mapping to SSB beams, with X>1 compensating for CCA failures. Dense configuration of PDCCH monitoring occasions (PMOs) would allow complete beam sweep transmission after a single successful CCA.
[bookmark: _Toc4675060][bookmark: _Toc4708122][bookmark: _Toc4708185][bookmark: _Toc4710808]A PO consist of X sets of PDCCH monitoring occasions with unambiguous mapping to SSB beams. 
Whether additional PMOs should be added before the calculated PO 
In [2], 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. 

[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]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 PMOs.
2.2	Dynamic extension vs. dynamic termination
In [4], 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]Dynamic extension of the PO based on channel occupancy is not supported.
In [5], it was proposed that the UE can stop the paging monitoring within the paging window if a paging message is received by the UE and the paging message does not include the UE ID. In principle, this is according to legacy behavior and makes sense to allow the UE to go back to DRX mode when the paging procedure is finished. On the other hand, the configuration of a high number of beams S and high extension factor X could require that the gNB reduces the number of paging occasions and thus reducing the paging capacity. Therefore, if the gNB needs multiple paging messages to address all UEs with the same calculated PO, it may be necessary to require the UE to continue PDCCH monitoring for paging, but that can wait until later releases.

[bookmark: _Toc4708125][bookmark: _Toc4708189][bookmark: _Toc4710812]If the UE detects a page within its paging window, it may stop monitoring further PMOs in the paging window, i.e. dynamic termination is supported.
3	Conclusion
In the previous section we made the following observations and proposals: 
Observation 1	It is desirable to maintain a predictable mapping between paging monitoring occasion (PMO) and beam in a paging window, in order to enable a UE to monitor a single selected beam.
Observation 2	It is desirable to allow full utilization of the PMOs configured in a paging window, i.e. to avoid unnecessarily skipping PMOs while there are still beams remaining to be transmitted.
Observation 3	If a PO consists of X sets of PMOs with unambiguous mapping beam sweeps and the PMOs are configured dense enough to allow transmission in multiple sequential PMOs (even across sets) after a single successful CCA, PMOs can be efficiently utilized.
Proposal 1	A PO consist of X sets of PDCCH monitoring occasions with unambiguous mapping to SSB beams.
Observation 4	Starting PDCCH monitoring occasions at the beginning of the calculated PO as in legacy NR Rel-15 keeps UE behavior simple.
Proposal 2	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 PMOs.
Proposal 3	Dynamic extension of the PO based on channel occupancy is not supported.
Proposal 4	If the UE detects a page within its paging window, it may stop monitoring further PMOs in the paging window, i.e. dynamic termination is supported.
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