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Introduction
[bookmark: _Ref494215420]This contribution discusses some remaining issues on paging design, such as association between SS/PBCH block and paging PDCCH monitoring window, and multiple FDMed PO.

Association between SS/PBCH blocks and paging PDCCH monitoring window
In RAN1 AH 1801 [1], it was agreed that the association between actual transmitted SSB and the monitoring window of paging PDCCH can be configured via RMSI, which is left to RAN2 determination.
	Agreements:
· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively configured via RMSI.
· It is up to RAN2 on how to do the above configuration. Send an LS to RAN2 (R1-1801248, which is approved and final LS is in R1-1801280)


In our understanding, the reason to leave it to RAN2 discussion is that the configuration is related to PO and PF, which is shown in the summary of offline discussion [2].
	Summary: 
· UE assumes that the DM-RS port of the i-th paging PDCCH/PDSCH transmission in a PO is quasi co-located with the i-th SS/PBCH block, where the SS/PBCH block index is obtained based on indication according to the SSB-transmitted-SIB1. (SS)
· Adopt the following change in TS38.214, and how to further capture one SS/PBCH block and one paging transmission in a PO (together with RMSI and OSI) in TS38.213 and TS38.214 is up to the editor. (SS)
· Information regarding the actually transmitted SS block locations in RMSI could be used to determine the time window for paging sweep monitoring. (Nokia)
· For paging, the PDCCH occasion index i used to calculate the slot index of the ith PDCCH occasion is indexed based on the actual transmitted SS/PBCH blocks indicated in RMSI. (HW
· Each SSB in an SS burst set is associated with a monitoring window within a paging occasion.(QC)
· Association between SSB index and UE index and paging frame, paging occasion and monitoring window within a paging occasion can be configured via RMSI. (QC)
· The default association between SS block index and monitoring window within paging occasion is same as that between SS block index and RMSI monitoring window. (QC)


However, in our view, how many SS/PBCH blocks associated to a paging PDCCH monitoring window (or occasion) is in scope of RAN1. In our understanding, the number of SS/PBCH blocks associated to a PDCCH monitoring window is related to gNB and UE physical layer implementation and performance requirement, e.g. if two SS/PBCH blocks associated to a PDCCH monitoring window, it may imply the PDCCH in the window is SFN (Single Frequency Network) transmitted combining the two SS/PBCH block beams, and corresponding coverage may be limited compared with the case where a single SS/PBCH block beam associated to a PDCCH monitoring window.
In addition, time offset between a paging PDCCH monitoring window and the associated SS/PBCH block may be also in scope of RAN1, since it is related to accuracy of beam selection at UE.
Therefore, it is better that RAN1 can give a guidance to RAN2 from physical layer perspective on some aspects, e.g. how many SS/PBCH blocks associated to a paging PDCCH monitoring window, and time offset between a paging PDCCH monitoring window and the associated SS/PBCH block. 
Proposal 1: RAN1 kindly provides a guidance to RAN2 from physical layer perspective on some aspects, e.g. 
· how many SS/PBCH blocks associated to a paging PDCCH monitoring window, and 
· time offset between a paging PDCCH monitoring window and the associated SS/PBCH block.

Multiple FDMed PO
As shown in the summary of offline discussion [2], there are some companies proposing multiple FDMed PO, and their proposals are copied and pasted as follows.
	· Multiple FDMed POs should be supported to save beam sweeping overhead and increase paging capacity  (HW)
· Inform RAN2 that an offset should be introduced to calculate for actual PF location when paging DCI is FDMed with SS/PBCH block.
· NR supports FDMed transmission of QCLed SS/PBCH block and Paging CORESET: (HW)
· The frequency resources of Paging CORESET are defined by frequency offset in terms of the number of PRBs.
· PDCCH configuration in OSI/RMSI including the FDMed and/or TDMed information
· In case of any paging capacity issue, multiple paging sub-bands can be configured for UE paging similar to eMTC paging mechanism. (MTK).
Proposals (ViVo)
· Paging bandwidth part (P-BWP) is defined as the bandwidth part that may contain paging message, and is derived from the UE IDs and network configurations. A UE only monitors paging in a particular P-BWP that derived from its UE ID. 
· The information (number, frequency location, etc.) of cell defining SSBs/initial active DL BWPs in a cell could be indicated to UE in RMSI/OSI. A UE only monitors paging in a particular initial active DL BWP that derived from its UE ID.  


Reason for FDM
The main reason of supporting multiple FDMed POs may be to solve potential paging capacity problem [3][4][5] in NR. Because paging PDCCH/PDSCH is transmitted by beam sweeping and a round of beam sweeping may have long duration, the number of POs in a PF may be limited. Paging capacity here is defined as the maximum number of UEs to be paged within a time unit, e.g. 1 frame. It was analyzed in [3] that, with current subcarrier spacing for <6GHz, all slots allocated to paging cannot meet the capacity of LTE with TDM manner. 
As another solution for paging capacity problem, one straightforward way is increasing the number of UEs to be paged in a paging message by enlarging UE group. But it will increase possibility of false alert, which may cause unacceptable power consumption at UE.
[bookmark: _GoBack]As proposed in [5], a UE will monitor paging in a particular initial active DL BWP that derived from its UE ID. From UE complexity perspective, UE re-camping on a particular initial active DL BWP has acceptable complexity. Since the dynamic switching between BWPs is already supported, this type of semi-static switching between BWPs is acceptable for UE complexity. When UE re-camps on a new initial active DL BWP, it may only need to retune RF and perform time-frequency tracking with minimum efforts, since beams/timing/frequency are common in a carrier.
In our view, multiple FDMed POs has benefits to be introduced in Rel-15 NR and it can provide full dimension of flexibility which is also beneficial to forward compatibility.
We have the following proposal.
Proposal 2: Support multiple FDMed POs in Rel-15 NR.

UE grouping in frequency domain
It is common understanding that UE should be further grouped in frequency domain according to UE ID, if multiple FDMed POs supported. We also consider it a feasible way for UE finer grouping with respect to multi FDMed POs. This mechanism of UE finer grouping according to UE ID should be design together with PO/PF, which could be left to RAN2 decision.
We have the following proposal.
Proposal 3: Support UE finer grouping according to UE ID in multiple FDMed POs in Rel-15 NR.

Frequency resource
There could be two alternatives for FDM:
· Alt-1: Multiple POs are FDMed within an initial active DL BWP.
· Alt-2: Multiple POs are FDMed in different initial active DL BWPs.
It was agreed and captured in specification [6] that paging CORESET is the same as RMSI CORESET.
	For Type0A-PDCCH common search space or for Type-2- PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space.


In this way, within an initial active DL BWP, there could be only one paging CORESET. Alt-1 seems impossible.
However, so far, Alt-2 has not been excluded from specification. In our view, the working assumption achieved in RAN1#91 [7] implied that gNB should configure C-SS in each potential active BWP.
	· Working assumption: In Rel.15, 
· A UE is expected to monitor C-SS (if configured) in the activated BWP
· Full functionalities of C-SS (scheduling RMSI, OSI, Paging, random access, etc) are supported by the C-SS configured by UE-specific RRC signaling.
· All RRC parameters defined for UE-SS are also defined for C-SS that is configured by UE-specific RRC signaling.


In this way, gNB may configure search space for paging in each potential active BWP. In other words, these potential active BWPs are candidates of initial active DL BWPs. It is a natural way to re-allocate a UE to an initial active DL BWP for purpose of paging loading balance.
If multiple POs are FDMed in different initial active DL BWPs, RMSI should indicate the frequency locations of other cell-defining SS/PBCH blocks and UE should only switch to the target initial active DL BWP according to UE ID. For flexibility, RMSI may not indicate any other cell-defining SS/PBCH block, which falls back to non-multiple FDMed POs case. 
We have the following proposal.
Proposal 4: Multiple POs can be FDMed in different initial active DL BWPs in Rel-15 NR, and falling back to non-multiple FDMed POs case (only on initial active DL BWP in a carrier) should be supported in Rel-15 NR.

Conclusion
In the contribution, we discuss the SS/PBCH block in NR unlicensed band, and raise the proposals as follows.
Proposal 1: RAN1 kindly provides a guidance to RAN2 from physical layer perspective on some aspects, e.g. 
· how many SS/PBCH blocks associated to a paging PDCCH monitoring window, and 
· time offset between a paging PDCCH monitoring window and the associated SS/PBCH block.
Proposal 2: Support multiple FDMed POs in Rel-15 NR.
Proposal 3: Support UE finer grouping according to UE ID in multiple FDMed POs in Rel-15 NR.
Proposal 4: Multiple POs can be FDMed in different initial active DL BWPs in Rel-15 NR, and falling back to non-multiple FDMed POs case (only on initial active DL BWP in a carrier) should be supported in Rel-15 NR.
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