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Discussion
1 Introduction

In RAN2#102, RAN2 discussed the scope of NR unlicensed spectrum study and following agreements are achieved [1].
Agreements

1
The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.

2
NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.

3
Support of asynchronous networks for will be addressed in the study (excluding the NR-U LAA case). 

4
Changes needed to configured grants should be studied.

5
Multiple beam operation and related procedures should be studied.

6
RAN2 will also consider all the bands included in RAN1 study.

In this contribution, we discuss the issue of system information broadcasting and paging in NR unlicensed band.
2 Discussion
In RAN2#102, RAN2 agreed to study the same deployment scenarios including NR-U SA. For NR-U SA, the impact of LBT failure to the SS/PBCH block transmission should be discussed. For a UE to camp on a cell, the UE shall detect and decode SS/PBCH block in NR. Especially, for NR-U operation, gNB should perform LBT before SS/PBCH block transmission. Since whole consecutive SS/PBCH blocks could be dropped from time to time due to the LBT failure, UE may spend more time on SI acquisition. For example, SSB periodicity is {5ms, 10ms, 20ms, 40ms, 80ms, and 160ms}. So, if the SSB periodicity is 160ms, the MIB acquisition delay can be multiple of 160ms (320ms, 480ms …) according to the number of LBT failure. 
In addition to MIB, SIBs could be dropped from time to time due to LBT failures. Thus, UE may not detect SIB transmission within a SI window, even if SIB transmission was scheduled in SIB1. To alleviate impact from LBT, we may consider extending SI window length. If UE monitors extended window, gNB would try LBT more times and the success probability of LBT would be increased. As a result, UE would likely receive the SIB as scheduled in SIB1. However, in this way UE should wake up and monitor longer during the extended time. So, UE power consumption would be increased in NR-U.
Accordingly, we need to study how to recover from missing SI transmissions dropped due to LBT failure in terms of the SI acquisition delay and extra UE power consumption. We also need to check RAN1 progress because RAN1 is also studying this area.
Proposal 1: RAN2 need to study how to recover from missing SI transmissions dropped due to LBT failure in terms of the SI acquisition delay and extra UE power consumption.
The paging formula is specified in 38.304 as following [2].
	PF, PO 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 start of a set of PDCCH monitoring occasions for the paging DCI, is determined by: 

i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T)
The PDCCH monitoring occasions for paging are determined according to paging-SearchSpace if configured and according to the default association (i.e. PDCCH monitoring occasions for paging are same as for RMSI as defined in Section 13 in [4]) otherwise. 

For default association, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts 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.

For non-default association (i.e. when paging-SearchSpace is used), the UE monitors the (i_s + 1)th PO where the first PO starts in the PF.
The following parameters are used for the calculation of PF and i_s above:

T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value, if configured by RRC or upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied) 
nB: number of total paging occasions in T
N: min(T,nB) 
PF_offset: offset used for PF determination
UE_ID: IMSI mod 1024
Parameters nB, PF_offset, and the length of default DRX Cycle are signaled in SystemInformationBlock1. 
If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.
IMSI is given as sequence of digits of type Integer (0..9). IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.

For example:


IMSI = 12 (digit1=1, digit2=2)

In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".


When it comes to paging transmission in unlicensed, paging transmission could be also dropped due to LBT failure. Such dropped paging transmission will cause delayed MT access because gNB and UE should wait until the next paging occasion occurs for the UE. Accordingly, we need to study how to recover from missing paging transmissions dropped due to LBT failure in terms of the paging delay and extra UE power consumption. Note that unlike SI transmission which UE may know scheduling time of, when paging transmission is dropped due to LBT failure, UE could not know whether gNB transmits paging or not in UE’s paging occasions. Thus, this point should be addressed during the study.
One more thing to consider for designing paging in NR-U is that PDCCH monitoring occasions for default association paging are same as for RMSI. When RMSI transmission is dropped due to LBT failure, the overlapped paging transmission will be likely dropped. Therefore, a solution to solve missing SI transmission could be also applicable to default association paging in NR unlicensed band. 
Proposal 2: RAN2 need to study how to recover from missing paging transmissions dropped due to LBT failure in terms of the paging delay and extra UE power consumption.
Meanwhile, network can transmit the paging during channel occupancy time (COT) after LBT succeed. The COT is maximum 8ms in LTE and NR would be similar. The network may need to perform LBT again for the next PO. If we consider the “response driven paging”, the LBT for each PO may not be needed. For example, one or more paging indicators are sent to notify UEs associated to following POs during the first COT. Then, only if one of the paging indicators corresponds to the UE, the UE initiates a random access procedure and then gNB sends paging message. Thus, we think that the number of paging messages can be reduced in busy channel with the response driven paging. The network could determine whether to use response driven paging transmission or normal paging transmission depending on congestion, so that it will have flexibility with this scheme in paging transmissions.
Proposal 3: RAN2 consider to apply the “response driven paging” in NR unlicensed band.
3 Conclusion
In this contribution, we discussed 
Proposal 1: RAN2 need to study how to recover from missing SI transmissions dropped due to LBT failure in terms of the SI acquisition delay and extra UE power consumption.

Proposal 2: RAN2 need to study how to recover from missing paging transmissions dropped due to LBT failure in terms of the paging delay and extra UE power consumption.
Proposal 3: RAN2 consider to apply the “response driven paging” in NR unlicensed band.
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