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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. The inevitable more or less frequent occurrences of CCA failure will prevent a gNB from guaranteeing that paging is timely transmitted at the first available occasion upon receiving a request to page a UE. To compensate for potential CCA failures, RAN2 has agreed to provide additional opportunities for a gNB to transmit paging. A more specific proposal has been introduction of additional paging occasions (POs).
[bookmark: _Ref178064866]2	Discussion
It is not fully clear how introduction of additional paging occasions (POs) should be interpreted. If it means providing more POs for each UE, then this translates into configuring shorter paging DRX cycles, which is merely a matter of configuration. If desired, shorter paging DRX cycles than currently available in NR, where the shortest configurable paging DRX cycle is 32 frames, could be specified.
But it could also be interpreted to mean that when a UE is to be paged, a single PO may not be enough, since transmissions may be blocked by CCA failure. Hence, multiple back to back POs may be needed be sufficiently sure that the paging transmission is successful. In this case, it can be generalized to providing more transmission opportunities per PO. That is, each PO would contain more transmission opportunities than would nominally be needed, i.e. more than the number of beams used for SSB/DRS, which could be called a surplus of transmission opportunities. Another way to see this could be that the PO is extended to a window containing a surplus of transmission opportunities, 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.
The latter interpretation lends itself to more elaboration than the paging DRX cycle configuration interpretation.
2.1	Ways to utilize a paging window with a surplus of transmission opportunities
A gNB can utilize the paging transmission opportunities (TXOPs) in a window 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 window. Hence, predictable mapping between TXOP and beam direction is a desirable feature, but this will also reduce the scheduling flexibility, which means that the TXOPs in the window may not be optimally utilized, as some TXOPs may be skipped, which could have been used if the beam predictability was sacrificed. These conflicting interests provides room for different methods to be studied and potentially used in parallel. Some possible principles of such methods are described below.
[bookmark: _Toc528881202]It is desirable to maintain a predictable mapping between paging transmission opportunity (TXOP) and beam in a paging window, in order to enable a UE to monitor a single selected beam.
[bookmark: _Toc528881203]It is desirable to allow full utilization of the TXOPs configured in a paging window, i.e. to avoid unnecessarily skipping TXOPs while there are still beams remaining to be transmitted.
[bookmark: _Toc528881204]Preservation of predictable TXOP to beam mapping and optimal utilization of configured TXOPs are typically in conflict with each other.
Compact transmission without beam predictability
With this principle the gNB tries to utilize every TXOP and get the paging beam sweep concluded as soon as possible. Hence, the gNB performs CCA for every TXOP and when the CCA succeeds, the gNB transmits the next beam in sequence until the full beam sweep has been transmitted.
If the TXOPs are configured densely enough to allow utilizing multiple TXOPs without CCA before each TXOP (i.e. shorter gaps than 16 s between the TXOPs), then the gNB may transmit the full paging beam sweep after the first successful CCA (unless it is hindered by other circumstances such as a switch to TDD UL operation). 
This principle prioritizes fast beam sweep conclusion and optimal utilization of the TXOP surplus (i.e. no TXOPs are unnecessarily skipped) at the expense of lost predictability of when a certain beam is transmitted.
Using predictable repetitions of TXOPs for each beam
With this principle a predetermined number (M) of sequential TXOPs are allocated to each beam. M sequential TXOPs are allocated to beam 1, followed by M sequential TXOPs allocated to beam 2, etc. The gNB attempts to transmit a certain beam until it is successfully transmitted or until the M TXOPs allocated to the beam have passed (i.e. all failed).
With this principle there is a predetermined mapping between TXOP and beam direction and consequently a UE can limit its monitoring time to a small subwindow, e.g. monitoring the M TXOPs 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 TXOPs so densely that multiple TXOPs can be used after a single successful CCA.
Predictable TXOP to beam mapping using beam sweeping
To provide a predetermined mapping between TXOP and beam a first set of Nbeam TXOPs (where Nbeam is the number of beams) are unambiguously mapped to the Nbeam beams in the same order as the corresponding SSB beams. The subsequent Nbeam TXOPs form an identical set, with the same unambiguous mapping to SSB beams and so on. The gNB first tries to transmit each paging beam once, one at a time, using the first set of TXOPs. If a beam transmission fails, the gNB reattempts transmission of this beam in the TXOP mapping to this beam in the second set. Hence, typically only a subset of the TXOPs in subsequent sets of TXOPs will be utilized and TXOPs will be skipped while there are still beams remaining to be transmitted. This principle preserves predictable TXOP to beam mapping, but it prolongs the time to complete the beam sweep and it makes suboptimal use of the configured TXOPs
If the TXOPs are configured densely enough to allow utilizing multiple TXOPs without CCA before each TXOP, then, when CCA succeeds, the network can utilize all the remaining TXOPs in the set of TXOPs to transmit all the remaining beams in the sweep without further CCAs and then continue with the first part of the sweep using the TXOPs of the next set. Hence, the gNB concludes the entire beam sweep following a single successful CCA, but the beams are not transmitted in order (i.e. in the order the corresponding SSBs are transmitted). This has no real significance, since it is still predictable for a UE when a certain beam can be transmitted. Hence, with this principle predictable TXOP to beam mapping can be maintained without suboptimal use of the TXOPs in the paging window (i.e. no unnecessarily skipped TXOPs).
[bookmark: _Toc510613633][bookmark: _Toc510613659][bookmark: _Toc513731596][bookmark: _Toc513731612][bookmark: _Toc513731666][bookmark: _Toc513731718][bookmark: _Toc513738281][bookmark: _Toc513738295][bookmark: _Toc528881205]Configuring TXOPs in sets mapping to beam sweeps maintains predictable TXOP to beam mapping.
[bookmark: _Toc528881206]If the TXOPs are configured densely enough to allow transmission in multiple sequential TXOPs after a single successful CCA, the TXOPs can be more efficiently utilized and the beam sweep can be concluded faster. 
[bookmark: _Toc528881207]If TXOPs are configured in sets mapping to beam sweeps and the TXOPs are configured densely enough to allow transmission in multiple sequential TXOPs after a single successful CCA, predictable TXOP to beam mapping can be maintained without suboptimal use of the TXOPs.
[bookmark: _Toc513731599][bookmark: _Toc513731615][bookmark: _Toc513731669][bookmark: _Toc513731721][bookmark: _Toc513738284][bookmark: _Toc513738298][bookmark: _Toc528881208]RAN2 should study different principles for utilizing paging transmission opportunities in a paging window. Configuring paging transmission opportunities (TXOPs) in sets mapping to beam sweeps with the TXOPs configured densely enough to allow transmission in multiple sequential TXOPs after a single successful CCA is a strong candidate, since it maintains predictable TXOP to beam mapping without suboptimal use of the TXOPs.
[bookmark: _Toc528881209][bookmark: _Toc509834927][bookmark: _Toc509834963][bookmark: _Toc509837121][bookmark: _Toc509851305][bookmark: _Toc509851316][bookmark: _Toc509851324][bookmark: _Toc510613636][bookmark: _Toc510613662][bookmark: _Toc513731600][bookmark: _Toc513731616][bookmark: _Toc513731670][bookmark: _Toc513731722][bookmark: _Toc513738285][bookmark: _Toc513738299][bookmark: _Hlk503258975]The principles for utilization of paging transmission opportunities configured in a paging window and their properties, as described in this document, should be captured in TR 38.889 to form basis for further discussions in the WI phase.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	It is desirable to maintain a predictable mapping between paging transmission opportunity (TXOP) 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 TXOPs configured in a paging window, i.e. to avoid unnecessarily skipping TXOPs while there are still beams remaining to be transmitted.
Observation 3	Preservation of predictable TXOP to beam mapping and optimal utilization of configured TXOPs are typically in conflict with each other.
Observation 4	Configuring TXOPs in sets mapping to beam sweeps maintains predictable TXOP to beam mapping.
Observation 5	If the TXOPs are configured densely enough to allow transmission in multiple sequential TXOPs after a single successful CCA, the TXOPs can be more efficiently utilized and the beam sweep can be concluded faster.
Observation 6	If TXOPs are configured in sets mapping to beam sweeps and the TXOPs are configured densely enough to allow transmission in multiple sequential TXOPs after a single successful CCA, predictable TXOP to beam mapping can be maintained without suboptimal use of the TXOPs.

Based on the above observations and the discussion in the previous sections we propose the following:
Proposal 1	RAN2 should study different principles for utilizing paging transmission opportunities in a paging window. Configuring paging transmission opportunities (TXOPs) in sets mapping to beam sweeps with the TXOPs configured densely enough to allow transmission in multiple sequential TXOPs after a single successful CCA is a strong candidate, since it maintains predictable TXOP to beam mapping without suboptimal use of the TXOPs.
Proposal 2	The principles for utilization of paging transmission opportunities configured in a paging window and their properties, as described in this document, should be captured in TR 38.889 to form basis for further discussions in the WI phase.
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