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1 Introduction

Paging issues, specific to NR-U, are mentioned in Work Item Description (WID and 3GPP TR 38.889 [1]. The main conclusions were as follows:

	· For paging, it may be beneficial to introduce more opportunities per DRX cycle for the UE to receive the page. 
· The additional locations can be provided in time domain by configuring an extended paging occasion (i.e. a paging window) or configuring multiple paging occasions to a UE. 
· In any specified solution(s) based on additional paging opportunities, the UE power consumption should also be taken into account; to this end, it is beneficial that the paging occasions are transmitted in close time to or overlap with the reference signals.




In RAN2-105 meeting, the following has been mentioned in the Vice Chairman’s report on NR-U paging [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. 





In this contribution we discuss NR-U paging solutions from the aspects of LBT failure and UE’s energy consumption.


2 Discussion
Unlike LTE, in NR, gNB explicitly configures N, which represents number of Paging Frames (PF) per DRX cycle; and ‘Ns’, which represents number of Paging Occasions (POs) per PF. Decoupling N and Ns from nB, allows multiple POs per PF, even when N < T (i.e., not every frame is PF). UE monitors the PO pointed to by index i_s (non-default association).  However, the formula used for calculating PF still remains the same, i.e
· PO-SSB default association
· PF: SFN + PF_offset mod T =  (T div N)*(UE_ID mod N)
· PO: align with SSB
· PO-SSB non-default association
· PF: SFN mod T =  (T div N)*(UE_ID mod N)
· PO: UE monitors the PO pointed to by index i_s
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[bookmark: _Ref7547354]Figure 1: NR Paging Configuration with 'N' and 'Ns' (non-default association)

Thus, as shown in Figure 1, a NR PF, represented by SFN X, can have POs in the slots spanning across subsequent SFNs (e.g. SFN X+1, SFN X+2, …). 
Observation-1: A PF in NR can contain multiple POs, spanning across subsequent SFNs.

In NR-U, paging messages might be impacted from LBT failure. There are two major ways to mitigate these impairments:
1) Reducing the DRX cycle length (T), so that the UE wakes up more frequently to check the paging messages.

2) Providing additional POs, while keeping the DRX cycle un-changed.

As reducing the DRX cycle length can significantly increase UE’s power consumption, it is decided [1] that introducing more Paging Opportunities (PO) per DRX cycle will be beneficial. Recent contributions point out two major options for configuring these additional POs:
a) Multiple Paging Occasions (POs) [3]
b) Paging Window or Paging Occasion Window (POW) [4]

We agree with the observation in [4] that POW is a special case of multiple POs, where multiple POs are configured in consecutive subframes. 

2.1 Impacts of LBT in Paging

The following agreements regarding LBT are made in RAN1-96 meeting [5]: 
	Agreement:
For initiation of a gNB transmission:
•	LBT other than Cat 4 is not used for DRS multiplexed with unicast data
•	LBT other than Cat 4 is not used for PDCCH and/or PDSCH transmission outside of DRS.
Note:
•	This does not preclude the use of Cat 2 for transmission on a LBT bandwidth if it is allowed for the case of transmission on multiple LBT bandwidths
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[bookmark: _Ref7550114]Figure 2: MCOT Restrictions for PO Assignments
As RAN1 has agreed on Cat. 4 LBT as the default configuration, the MCOT duration after a LBT failure will be 2ms ~ 10ms. Hence, as shown in Figure 2, if LBT fails, it seems reasonable to assume that NR-U gNB needs at least 2 ~ 10 subframes to avoid the occupied channel for ensuring channel accessibility for transmission of paging message. Hence, the solution of POW, with POs configured in consecutive slots, may provide limited enhancement during LBT failure. The NR-U gNB might waste many slots in the POW due to inaccessibility of the channel, arising from LBT failure and MCOT restriction. This will lead to the reduction of effective paging capacity.

Observation 2: POW based solutions, with POs configured in consecutive slots, are likely to waste many POs, due to channel being occupied after LBT failure (subject to MCOT constraints).

2.2 Overview of UE’s Power Consumption
RAN1 has already provided UE power consumption model for FR1 in Section 8.1.1 of 3GPP TR 38.840 [6]. 
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)


[bookmark: _Ref7558054][bookmark: _Ref7558019]Table 1: UE power consumption model for FR1 [6]
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

	* Immediate transition is assumed for power saving study purpose 


[bookmark: _Ref7558062]Table 2: UE power consumption during the state transition [6]


Based on this model, an analysis of UE’s power consumption for different NR-U paging proposals can be performed. Our analysis shows that a single additional PO in every paging frame results in slightly reduced average power consumption over paging window based approach. However, with increasing number of additional POs in a single PF, paging window based approach results in slightly lower power consumption. Overall the average power consumption between the two approaches is quite similar, as majority of the time in idle mode is spent in DRX sleep state.

Observation 3: Overall average power consumption is similar in both paging window based approach and additional PO based approach.

2.3 Configuring Additional Backup POs
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[bookmark: _Ref7554440]Figure 3: Configuring Backup (Additional) PO in PF

Based on the above discussions, we believe that the backup (additional) POs need to be configured while adhering to the MCOT restrictions. In other words, after LBT failure, the probability of channel being busy, during the additional POs, should be minimized. As shown in Figure 3, one simple option is to configure the additional POs more than 10 slots (i.e. 10ms) after the original PO. In the extreme case, the backup PO should be always at least 2ms (2 slots) after the original PO. This will ensure the gNB to get maximum time to recover from the LBT failure and access the channel. NR-U gNB can configure these backup POs in pcch-Config, inside DownlinkConfigCommonSIB  

Proposal 1: Additional POs should be configured at enough distance, such that, after LBT failure, the probability of channel being busy is reduced and MCOT restrictions are maintained.
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Figure 4: Configuring Multiple Backup (Additional) POs in Regular Intervals (Backup PO Cycles)

Depending on the original PO configuration, multiple additional POs can be configured for every original PO. These multiple backup POs can be configured at a specific, regular interval (or cycle), termed as “Backup PO Cycle”. Backup PO cycle will also adhere to the similar MCOT restriction. As Category 4 LBT is selected as default, it is safe to maintain the backup PO cycle of around 2ms ~ 10ms.  gNB can configure (a) number of backup POs and (b) backup PO cycle in the pcch-Config, inside DownlinkConfigCommonSIB IE.

Proposal 2: Multiple backup (additional) POs can be configured in regular intervals inside a PF. This backup PO cycle should adhere to the MCOT constraints.
Proposal 3: NR-U gNB will configure (a) the number of backup POs and (b) backup PO cycle (interval) in pcch-Config of DownlinkConfigComminSIB IE. 

As usual, if the UE receives a paging message intended for it in original PO or in any of the Backup POs, it will trigger a transition to RRC Active mode. It has already been agreed upon that in order to save UE’s power consumption, UE can dynamically stop monitoring the POs if it successfully decodes P-RNTI, but cannot find a paging message intended for itself. These process is still valid and can be extended across the backup POs. 

Proposal 4: UE will cancel monitoring the POs if it successfully decodes a PRNTI in any of the backup PO and does not find any paging message for itself.
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[bookmark: _Ref7559030]Figure 5: UE's state transition between DRX Sleep and PDCCH Monitoring States

As shown in Figure 5, depending on the length of the Backup PO cycle (i.e. separation or gap between Backup POs) UE will switch to different DRX-sleep modes (e.g. light sleep or micro sleep), as mentioned in Table 1 [6] and Table 2 [6] and return back to the PDCCH monitoring state only during the slots having a Backup PO. This will significantly reduce the UE’s power consumption.

Proposal 5: Depending on the length of the Backup PO Cycle, UE can switch to different DRX Sleep modes (e.g. light or micro sleep) during the intermediate slots between two successive Backup POs (or between the original PO and the first Backup PO). UE will return back to the PDCCH monitoring only during the slots having a PO.

3 Conclusions
In this contribution, we discuss the major paging solutions in NR-U. Providing additional paging occasions seems a better alternative than paging occasion window based approach, when LBT fails. Both multiple paging occasions and paging window based approaches seem to achieve similar average power consumption, as most of the time in idle mode is spent in DRX sleep state.

Observation-1: A PF in NR can contain multiple POs, spanning across subsequent SFNs.

Observation 2: Paging window based solutions are likely to waste consecutive POs, due to channel being occupied (subject to MCOT constraints).

Observation 3: Overall average power consumption is similar in both paging window based approach and additional PO based approach.

Proposal 1: Additional POs should be configured at enough distance, such that, after LBT failure, the probability of channel being busy is reduced and MCOT restrictions are maintained.

Proposal 2: Multiple backup (additional) POs can be configured in regular intervals inside a PF. This backup PO cycle should adhere to the MCOT constraints.

Proposal 3: NR-U gNB will configure (a) the number of backup POs and (b) backup PO cycle (interval) in pcch-Config of DownlinkConfigComminSIB IE.

Proposal 4: UE will cancel monitoring the POs if it successfully decodes a PRNTI in any of the backup PO and does not find any paging message for itself.

Proposal 5: Depending on the length of the Backup PO Cycle, UE can switch to different DRX Sleep modes (e.g. light or micro sleep) during the intermediate slots between two successive Backup POs (or between the original PO and the first Backup PO). UE will return back to the PDCCH monitoring only during the slots having a PO.
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