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Discussion
1 Introduction

In the unlicensed spectrum, the LBT failure will delay the transmission for paging. In general, there's no consensus that additional monitoring occasions are beneficial. As a result, in RAN2#105[1], an agreement has been reached as below:

	Agreement :
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)


This contribution will focus on the enhancements for paging transmission on NR-U.

2 Discussion
In NR, the number of different POs in a DRX cycle is configurable via system information and a network may distribute UEs to those POs based on their IDs. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent. UE only monitors paging DCI in a PO for every DRX cycle. According to 38.304[2], the calculated PO can be derived as below. 

The PF and PO for paging are determined by the following formula:

SFN for the PF is determined by:

(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)

Index (i_s), indicating the index of the PO is determined by:

i_s = floor (UE_ID/N) mod Ns

This formula determines the starting point of PDCCH monitoring occasion for paging. The selection of PDCCH monitoring occasion related with beam for the reception of the paging message is up to UE implementation.
The paging mechanism in NR-U should use NR as a baseline. In order to reduce the power consumption, UE shall monitor the additional monitoring occasions only when paging is blocked due to LBT in the calculated PO. Hence, the starting point of PDCCH monitoring occasion for paging need not to be changed.  

Proposal 1: The PO/PF calculation in NR can be used as a starting point for NR-U.

Due to the existence of some UL symbols/channels (such as PRACH, UL configured grant), the actual opportunity to extend the POs are very limited. Thus, an additional number of monitoring occasions at its calculated PO as an extended PO window can’t result in enough transmission opportunities. 
Observation 1: The solution of extended PO window provides limited enhancement.
In addition, in order to minimize the number of LBTs in DL to transmit paging, paging more UEs in a given PO is beneficial. In other words, if UE can monitor additional POs, the opportunity to successfully send the paging will increase.  

The additional PO can be derived based on the calculated PO. For a UE, it starts to monitor paging in the calculated PO at the time (SFN, i_s), if gNB indicates the available number (such as M) of additional POs, UE can monitors up to the following ‘m th’ PO when the paging is blocked by LBT in the ‘m-1 th’ PO. 
SFNm for the ‘m th’ additional PO is determined by :
SFNm = SFN+ (T div N)* floor((i_s+m)/ Ns)    
Index (i_sm), indicating the index of the ‘m th’ additional PO is determined by:

i_sm = (i_s+m) mod Ns
where, m=1...M.
Figure 1 is an example illustration, N=T/2, Ns=2. UE3 starts to monitor the paging in the calculated PO (PF=1, i_s=0). But, UE3 determines that the paging is blocked by LBT at this PO. When the value of M signaled by gNB is 1, UE3 will continue to monitor the next ‘1st’ PO (PF=1, i_s=1) after the calculated PO. When the value of M signaled by gNB is 2, UE3 will continue to monitor the next ‘1st’ PO (PF=1, i_s=1), and then monitor the next ‘2nd’ PO (PF=2, i_s=2) if the paging is blocked due to LBT failure at the next ‘1st’ PO.
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Figure 1

Proposal 2: UE can monitor up to the M additional POs after the calculated PO.
Proposal 3: The ‘m th’ additional PO can be determined by the following formula after the calculated PO (SFN, i_s)

· SFNm for the ‘m th’ additional POs is determined by: SFNm = SFN+ (T div N)* floor((i_s+m)/ Ns)  

· Index (i_sm), indicating the index of the ‘m th’ additional PO is determined by: i_sm=(i_s+m) mod Ns

where, m=1...M.

Furthermore, a method to stop UE to continue to monitor the additional POs is beneficial. The essential condition is whether LBT fails, if LBT succeeds in the calculated PO regardless of existence of paging message, UE will not continue to monitor the additional POs. In fact, RAN1 is discussing the method to assist UE to detect the DL burst as below. 

	From the WID (RP-182878[3])

-
Physical layer aspects including [RAN1]:

Mechanism to detect a gNB’s transmission burst in line with the TR 38.889[4], Section 7.2.1.2 related to UE power consumption.


Consequently, RAN2 can wait for the agreements from RAN1, and then decide whether to introduce a new method to stop UE to continue to monitor the additional POs.
Proposal 3: RAN2 can wait for further RAN1 progress on detection the DL burst to stop UE to monitor the additional POs. 

3 Conclusion

In this contribution, we discussed

Proposal 1: The PO/PF calculation in NR can be used as a starting point for NR-U.

Observation 1: The solution of extended PO window provides limited enhancement.
Proposal 2: UE can monitor up to the M additional POs after the calculated PO.
Proposal 3: The ‘m th’ additional PO can be determined by the following formula after the calculated PO (SFN, i_s)

· SFNm for the ‘m th’ additional POs is determined by: SFNm = SFN+ (T div N)* floor((i_s+m)/ Ns)  

· Index (i_sm), indicating the index of the ‘m th’ additional PO is determined by: i_sm=(i_s+m) mod Ns

where, m=1...M.

Proposal 3 : RAN2 can wait for further RAN1 progress on detection the DL burst to stop UE to monitor the additional POs. 
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