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1. Introduction

At RAN1#NR3 meetings, the following were agreed with respect to paging [1]. This contribution discusses further details of paging design. This contribution is revised from R1-1715912 [2].
	Agreements:
· For paging, RAN1 to down-select from the following options

· Option 1: Paging DCI followed by Paging Message

· Note: These do not imply that they are consecutive

· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message

· Option 3: Paging group indicator and Paging DCI followed by Paging Message

· Option 4: Paging DCI indicates use of Option 1 or 2. 


2. Discussions
Paging Mechanisms 

In Option 1, the paging operation is very clear and straightforward. In case of single beam operation, there is one paging slot for a UE in a PO interval. As in LTE, the paging message is scheduled by DCI carried by PDCCH and is transmitted in the associated PDSCH. In multiple-beam operation, a PO consists of multiple slots, and in each slot a same paging message is transmitted by PDCCH/PDSCH, with one or multiple distinct TX beams, as shown in Figure 1. 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. The paging DCI can be identified by a Paging RNTI.
For both Option 2 and 3, a paging group indicator is used, which can be carried in a DCI or a non-schedule physical channel. In our understanding, a group bitmap (e.g., ~10 groups) can be indicated if there are UEs belonging to a group are to be paged. The indication enables UEs belonging to the non-indicated UE group(s) enter sleep mode directly without the need of receiving subsequent paging PDCCH/PDSCH. However, this additional group indicator results in extra signalling overhead and UE power consumptions. In addition, the paging traffic is quite not expectable, and it is not clear how beneficial can the group indicator be.   
· In Option 2, the paging indication triggers UE feedback if the corresponding UE group is indicated. The UE feedback may include a RACH procedure or specific beam reporting scheme in multi-beam operation. The UE then keeps receiving the subsequent PDCCH/PDSCH to confirm if it is paged or not. The above procedure is quite complicated and the UE feedback results in additional overhead and UE power consumptions. Therefore, the necessity and benefit need further investigations. 

· In Option 3, the UEs belonging to the indicated UE group need to keep receiving the subsequent PDCCH/PDSCH to confirm if it is paged or not. The benefit of additional group indication on top of Option 1 is questionable. 

Considering the above pros and cons of options, the configurability between different options as in Option 4 should also be for further study. 
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Figure 1
Proposal 1: Support Option 1 as the paging mechanism, i.e., paging DCI followed by paging message. The paging DCI can be identified by a Paging-RNTI. The necessity and benefit of additional paging indication need further clarification and more study. 

Paging CORESET 

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 if possible. There is no strong motivation to have paging transmission with different numerology. 

Proposal 2: The CORESET information for paging transmission is configured in RMSI.

Proposal 3: The numerology for paging transmission is the same as the RMSI numerology.

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

· 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 4: Paging DRX cycle length is multiple (N) PO durations. N is configurable via system information.
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Figure 2
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 5: 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 6: 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.
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.

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

Proposal 1: Support Option 1 as the paging mechanism, i.e., paging DCI followed by paging message. The paging DCI can be identified by a Paging-RNTI. The necessity and benefit of additional paging indication need further clarification and more study. 

Proposal 2: The CORESET information for paging transmission is configured in RMSI.

Proposal 3: The numerology for paging transmission is the same as the RMSI numerology.

Proposal 4: Paging DRX cycle length is multiple (N) PO durations. N is configurable via system information.

Proposal 5: 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 6: 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 7: NR paging design supports QCL relationship configuration between SS block and paging.
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