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1	Introduction
A new WID on NR-based Access to Unlicensed Spectrum [1] has been approved in RAN#82 including the following objectives: 
-	Inactive and Idle mode procedures: Rel-15 NR design is the baseline, including NR licensed measurement framework (cell and beam quality derivation for RSRP, RSRQ, and SINR, filtering and combining multiple beams). Specify necessary extensions for NR-U operation for cell selection/reselection, including enabling the possibility for the UE to camp on a non-best cell if the best cell does not belong to the registered PLMN (or E-PLMN), where the non-best cell would still be the best cell of the registered PLMN; increased paging opportunities per DRX cycle for the UE to receive the page; increased opportunities for SI delivery
-	Paging: specify required NR modifications to enhance paging opportunities by increasing time-domain paging occasions or paging monitoring occasions while taking UE power consumption into account.
It seems that both objectives regarding paging are quite similar i.e. increasing amount of paging opportunities for the UE and also taking UE power consumption into account.
This paper discusses the necessary extensions for NR-U operation for Paging.
2	Discussion
Due to the LBT procedure, it is not always possible to send paging message to a UE during the PO when it is supposed to be sent based on Rel-15 PO/PF calculation procedures. That is why an objective was agreed during the SI that it should be possible to increase the amount of POs per DRX cycle for the UE. We have at least the following alternatives to achieve this objective:
1. Introduce additional POs in time-domain for each DRX cycle. This could be achieved by having either
a. consecutive POs for per each DRX cycle (paging occasion window), or 
b. non-consecutive POs for per each DRX cycle. 
Non-consecutive POs per DRX cycle (alternative 1b) would be quite similar to decreasing the paging DRX cycle (see alternative 2)
2. Decrease paging DRX cycle. Possibly even introduce shorter DRX cycle than is currently possible (32 radio frames are the current minimum DRX cycle)
Additionally to increasing amount of paging opportunities one should consider the timing for paging occasions. From UE power consumption point of view as well as from LBT success point of view it would be good to try to align sending of reference signals and paging messages. In this way one LBT procedure may provide amble opportunity to send multiple downlink signals and UE only can perform multiple activities within one wake up cycle. In NR licensed band operation this behaviour was achieved by UE having same PDCCH monitoring occasions for paging and RMSI. But during the discussion for licensed band operation the capacity of this approach was raised as a concern and we introduced possibility to configure different search space for paging to allow larger paging capacity and also freedom to schedule paging. In our view we should follow similar principles in NR-U and it should be possible to “align” sending of DRS and paging messages for the reasons mentioned above. 
Proposal 1: It should be possible to align DRS and paging transmissions
But similarly as in licensed band operation and probably it could be even larger worry that paging capacity would be limited if the DRS and paging sending needs to happens in same slot. Thus it should be possible to also schedule paging message in different slots if there is no possibility for network to schedule enough paging capacity at same time with DRS. 
Observation 1: paging capacity can become a problem if paging messages needs to always be aligned in time with DRS transmission
Proposal 2: It should be possible also to “unalign” DRS and paging message transmissions
2.1	Introduce additional POs per DRX cycle
Currently in the Rel-15 paging UE can just receive one paging occasion (PO) per DRX cycle. In multi-beam operations, the UE can assume that the same paging message is repeated in all transmitted beams and thus the selection of the beam(s) for the reception of the paging message is up to UE implementation. 
In this alternative, one would require UE to receive multiple POs per DRX cycle. Those occasions could be sent in consecutive slots. However, once the LBT fails in one slot, it is more likely that it will also fail in the following slot. By having some time separation between the different POs within the same DRX cycle, would likely result in better LBT success rate, but at the potential cost of increased UE power consumption, as the UE needs to frequently wake up for monitoring the paging message in multiple POs. On the other hand, a paging occasion window with consecutive slots will also increase UE power consumption as UE needs to keep RF open longer but as there is no need for extra sleep/wake activity probably power increase with consecutive slots is smaller. 
Observation 2: Additional POs per DRX will increase UE power consumption
Although increasing paging transmission opportunities can provide more paging transmission opportunities to a UE per DRX cycle, the UE needs frequently wake up to monitor paging transmission at the candidate POs, which would lead to more UE power consumption. In order to reduce UE power consumption, it might be justified that the UE is allowed to stop monitoring the additional paging occasions in a DRX cycle based on specific aborting conditions.
Observation 3: If we introduce multiple POs per DRX cycle it is beneficial to introduce a mechanism for the UE to stop monitoring the additional paging occasions in a DRX cycle for power saving.
During the study item, it was discussed to the UE could stop monitoring paging transmissions at further POs in a DRX cycle for power saving e.g. if the UE receives a paging message or/and detects DL transmission [2]). This behaviour assumes that network needs to send same paging message in each PO of the paging DRX. But it might be that the paging messages at later stage of paging DRX would need to address different UEs and the optimization in [2] would prevent NW from sending updated paging message as soon as possible. For example some UEs are delayed due to temporary paging overload at the gNB although the gNB grabs the channel for paging transmissions – the overload can easily become a problem if the paging messages needs to be transmitted simultaneously with DRS. So with the proposal from [2] the UE will stop monitoring paging messages at further candidate POs in a DRX cycle once it detects the transmission of paging/DL data, which would result in the UE missing detection of paging message intended to it at further POs. In order to avoid this from happening, the UE shall keep monitoring the paging message at further POs if the paging overload happens. Therefore, it’s beneficial to take paging overload into account when specifying the aborting conditions for monitoring the additional paging occasions in a DRX cycle. 
Proposal 3: It’s beneficial to introduce an indication in the paging message, based on detection of the indicator UE can stop monitoring P-RNTI until next DRX cycle. 
2.2	Decrease paging DRX cycle
This is very simple alternative where one would just use shorter DRX cycle than what would be used in licensed band to achieve similar latencies in order to ensure there are more opportunities for NW to succeed in LBT procedure. This alternative requires minimal changes as one would just need to introduce possibly shorter DRX intervals to achieve desired effective paging DRX cycle. Price one has to pay is basically same as for introducing additional POs in non-consecutive manner as UE needs wake up more often to receive POs. But in this alternative there is no way to do any optimizations to let UE to skip of the POs per DRX cycle as there is only one PO per DRX cycle. As this alternative can achieve similar behaviour with minimal impact as introducing non-consecutive POs for per each DRX cycle we should agree on this alternative unless we can agree to do optimizations on UE power consumption for alternative 1b e.g. by allowing UE to skip some POs of the DRX cycle if allowed by network e.g. as indicated by proposal XX.  
Observation 4: Multiple POs within DRX cycle should not be agreed unless can also agree to introduce a mechanism for UE to skip paging occasion reception in the paging DRX because just decreasing paging DRX cycle can achieve similar effect.
3	Conclusions
In this paper we analysed NR-U specific paging aspects and came to following conclusions:
Proposal 1: It should be possible to align DRS and paging transmissions
Observation 1: paging capacity can become a problem if paging messages needs to always be aligned in time with DRS transmission
Proposal 2: It should be possible also to “unalign” DRS and paging message transmissions
Observation 2: Additional POs per DRX will increase UE power consumption
Observation 3: If we introduce multiple POs per DRX cycle it is beneficial to introduce a mechanism for the UE to stop monitoring the additional paging occasions in a DRX cycle for power saving.
Proposal 3: It’s beneficial to introduce an indication in the paging message, based on detection of the indicator UE can stop monitoring P-RNTI until next DRX cycle. 
Observation 4: Multiple POs within DRX cycle should not be agreed unless can also agree to introduce a mechanism for UE to skip paging occasion reception in the paging DRX because just decreasing paging DRX cycle can achieve similar effect.
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