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1. Introduction

During previous RAN1/RAN2 meetings, the following were agreed with respect to paging [1-3]. This contribution discusses further details of paging design.
	RAN1 Agreements:
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 

· Other alternatives are not precluded

· Companies report their assumption for paging
RAN1 Agreements:
· Support the paging channel design at least for RRC idle mode as follows:

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH

· FFS: 

· Paging indication triggers UE beam reporting (if supported) 

· Opt-1: paging indication is in DCI

· Opt-2: paging indication is in non-scheduled physical channel

· How to indicate SI update if it is supported in paging
RAN1 Agreements:
· The search space of NR-PDCCH addressing the paging message can be configured by gNB

· FFS detailed signaling mechanisms

· FFS whether or not search space is shared for other usages
RAN1 Agreements:
· Paging mechanism should be decided for Rel-15, where the issue of beam sweeping overhead for paging transmission should be considered, especially for high frequency band with up to 64 SS-block beams

· E.g., paging occasion design with beam sweeping

· E.g., techniques to reducing the paging sweeping beams 

RAN1 Agreements:
· The single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload

· FFS: numerology to be used for paging, Msg.2/4 for other purposes and on-demand OSI

RAN2 Agreements:

1: UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 
2: UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 
3: The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signaling.
4: The number of paging occasions in the DRX cycle is configurable and provided in system information.
5: If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
6: RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)
7: Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).
8: The number of time slots in a paging occasion is provided in system information.


2. Discussions
PO/PF Definition
In LTE, the terminologies of PF (Paging Frame) and PO (Paging Occasion) are used for paging, with the following definitions [4]: 

· Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH addressing the paging message.

· Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s).
Basically, a UE is expected to search a paging message in a basic TTI unit, i.e., subframe. The combination of the two basic timing units, frame and subframe, is a simple way to indicate a certain time location. Given a DRX cycle length expressed by a number of frames, the UE can determine a certain PF and then a certain PO in the PF to search its paging message.
In NR, one different point from LTE is that a paging message may be transmitted in multiple time slots with beam sweeping. Depending on the number of beams and slots for a paging message transmission, it cannot be guaranteed that the slot for a paging message is always contained in one frame. However, the similar design philosophy can be considered. 
It was agreed in RAN2 that the paging occasion (PO) is the time interval over which a paging message is transmitted by gNB, and PO can consists of multiple time slots. In addition, it was agreed that the DRX cycle length is configurable and the number of POs in a DRX cycle. As shown in Figure 1, the DRX cycle length may be composed of multiple (e.g., N) PO intervals, where one PO can be transmitted in a PO interval. The information of time slots used for paging in a PO interval can be configured in the system information.

Proposal 1: Paging DRX cycle length is multiple (N) PO durations. N is configurable via system information.

[image: image1.png]DRX Cycle:

POO

PO1

PO2

PO3

PON-1

Paging Ocassion

Paging Time Slot





Figure 1
If gNB wants to use all POs (i.e. all N POs) in a DRX cycle then UEs can be uniformly distributed in these POs. For example, UE monitors paging in the kth PO of each DRX cycle where k = UE ID mod N. 
If gNB wants to use N1 POs (N1 < N) in a DRX cycle, the N1 POs can be uniformly distributed across the DRX cycle, and the UEs can be uniformly distributed in these N1 POs. The. For example, UE monitors paging in the Kth PO of each DRX cycle where K = (N div N1)*(UE ID mod N1), where N1 is the number of POs signaled by gNB. 

Proposal 2: UE monitors paging in one PO in a DRX cycle, which is based on a function of UE ID, and number of POs configured by gNB.

Paging Transmission 

It was agreed that paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH. In case of single beam operation, there is one paging slot in a PO interval.
In multiple-beam operation, a PO consists of multiple slots, and in each slot a same paging message is transmitted by NR-PDCCH/NR-PDSCH, with one or multiple distinct TX beams, as shown in Figure 2. Depending on the number of antenna panels and supported beams, one or more antenna panels may be dedicated for paging transmissions in a slot. Assuming that there is one antenna panel dedicated for paging transmissions in a slot, the time to finish one paging transmission with M-beam sweeping is M slots. By increasing the number of antenna panels dedicated for paging transmissions in a slot, the time to finish a paging message transmission can be reduced. The number of slots for paging transmission in the PO duration can be configured. The slots configured for paging transmission in a PO interval can be contiguous or non-contiguous. Based on the configuration, the UE can determine the corresponding slots to search for the paging DCI.

In addition to TX beam sweeping, one may also think about TX beam repetition to enable RX beam sweeping at the UE side. However, paging transmission with additional TX beam repetition is very expensive in terms of paging overhead, increased by the number of repetitions. Furthermore, different UEs may have different RX beam capability which may further complicate the design of PO (e.g. POs with different number of slots, mapping of POs to UEs depending on UE RX beam capability, etc.). Therefore, it is preferred that the transmit beams are not repeated. 
Since the paging transmission is for both RRC_Idle UEs and RRC_Connected UEs, the CORESET for scheduling paging transmission can be provided in RMSI, and it can be shared by RRC_Idle UEs and RRC_Connected UEs. 
It was agreed that a single DL numerology is used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI. It is straightforward to use the same numerology for paging transmission since there is high potential that some of the broadcast/multicast transmissions are multiplexed in the same CORESET/BWP if possible. There is no strong motivation to have paging transmission with different numerology. 
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Figure 2
Observation 1: The PO interval depends on several factors such as single/multiple beam operation, number of TX beams, number of antenna arrays/panels, (non-)contiguous paging time slots, etc.

Proposal 3: The PO interval consisting of M time slots and M is configurable. The N (N<=M) time slot(s) used of paging among the M time slots in the PO interval is configurable. The N time slots can be contiguous or non-contiguous.
Proposal 4: For paging transmission in multi-beam operation, support TX beam sweeping for both NR-PDCCH and NR-PDSCH in the PO as baseline. TX beam repetition is not required.
Proposal 5: The CORESET information for paging transmission is configured in RMSI.

Proposal 6: The numerology for paging transmission is the same as the RMSI numerology.

Spatial QCL assumption
In order to receive the beamformed paging, UE needs to monitor increased number of paging slots for TX beam sweeping, which leads to increased power consumption. This can be reduced if the UE is able to determine the best DL TX beam and then monitor the paging slot corresponding to the best DL TX beam. For example, the UE can measure the signals/channels in SS block to determine a best DL TX beam. In order to determine the paging slot corresponding to best DL TX beam, it is beneficial to support QCL relationship between antenna ports used for SS block and paging transmission. The QCL relationship can be configured in the system information. 
In addition, UE may also be able to perform RX beamforming. UE can wake up in advance before the PO slots to monitor the signals/channels in SS block, perform RX beam sweeping and determine the best RX beam. UE then uses this RX beam to receive paging in PO slots. 

Proposal 7: NR paging design supports QCL relationship configuration between SS block and paging.

Paging Indication
In multi-beam operation, there was discussion on paging indication which triggers UE beam reporting. The paging indication can be carried in DCI or a non-schedule physical channel. In our understanding, a group ID (e.g., ~10 groups) can be indicated if there are UEs belonging to a group are to be paged. This enable all UEs belonging to the indicated group trigger the beam reporting, which results in additional overhead and UE power consumptions. Therefore, the necessity and benefit of paging indication need further investigations. 
Proposal 8: The necessity and benefit of additional paging indication need further clarification and more study. 

3. Conclusions
In this contribution, the design considerations of NR paging channel are discussed. In summary, the proposals are as follows:

Proposal 1: Paging DRX cycle length is multiple (N) PO durations. N is configurable via system information.

Proposal 2: UE monitors paging in one PO in a DRX cycle, which is based on a function of UE ID, and number of POs configured by gNB.

Proposal 3: The PO interval consisting of M time slots and M is configurable. The N (N<=M) time slot(s) used of paging among the M time slots in the PO interval is configurable. The N time slots can be contiguous or non-contiguous.
Proposal 4: For paging transmission in multi-beam operation, support TX beam sweeping for both NR-PDCCH and NR-PDSCH in the PO as baseline. TX beam repetition is not required.
Proposal 5: The CORESET information for paging transmission is configured in RMSI.

Proposal 6: The numerology for paging transmission is the same as the RMSI numerology.

Proposal 7: NR paging design supports QCL relationship configuration between SS block and paging.

Proposal 8: The necessity and benefit of additional paging indication need further clarification and more study. 
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