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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#88, the following was agreed for paging [1]:
· 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
In RAN2Adhoc#1, the following was agreed for paging [2]:
· The number of time slots in a paging occasion is provided in system information.
[bookmark: _Ref129681832]In RAN1#88bis, the following was further agreed [3]:
· 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
In RAN1 NR#3, the following was further agreed [4]:
· 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. 
· RAN1 to send LS to RAN2 on whether Paging DCI and Paging Message can be in the same or different POs, including the above options. LS to be drafted in R1-1716912, which is agreed in R1-1716918
In this contribution, we address some of the above remaining issues for NR paging operations. 

Discussion
Paging mechanism
In the RAN1 NR#3 meeting, four options are listed. Option 1: the paging DCI followed by paging Message should be the baseline NR paging operation. It is based on the LTE mechanism with least specification effort. The Pros and Cons of option 2 will be discussed in Section 2.2. 
Compared with Option 2, Option 3 mechanism doesn’t compel the UE feedback. This means the paging message is still delivered through all sweeping beams. While the downlink overhead of paging message is not reduced compared to Option 1, Option 3 can reduce the power cost of UE. Paging group indicator may be transmitted in the DCI. When UE receives the Paging group indicator, it only received the DCI to check whether its group is paged. If its group is not paging, it will not receive the PDSCH of paging message which will save the UE power. 
For Option 1, the sweeping overhead needs to be considered. We first analyzed the overhead of broadcast signals including SS blocks, Paging, RMSI and RACH. These signals needs be swept over multiple beams in case of multi-beam deployment in particular for high frequency. For carrier frequency above 6GHz, the maximum number of SS blocks is 64. Assuming 20ms SS burst set periodicity, the average number of symbols reserved for SS block in one radio frame is 128 at maximum. If the number of POs in NR is same as LTE to meet the paging capability, i.e. each radio frame will have 4 POs and each PO occupies two symbols: one for PDCCH and one for PDSCH. Paging will occupy  symbols. Furthermore, RMSI and RACH occasion also will occupy additional symbols, e.g. 128 on averaged in one radio frame. So the total number of sweeping symbols averaged in each radio frame is up to . In LTE, the total number of symbols in each system frame is 140 and the subcarrier spacing is 15 KHz. If the subcarrier spacing is 120 KHz in NR, the total symbols of each system frame are 1120. As a result, 768 symbols in 1120 symbols of each system frame are used for beam sweeping. 
Observation 1: The issue of beam sweeping overhead for paging transmission should be addressed in Rel-15, especially for high frequency band with up to 64 SS block beams.
To reduce the sweeping overhead, the following may be considered: reducing the number of POs and/or the maximum number of UEs that can be paging simultaneously. Of these two, the latter would be a better alternative without reducing the paging capabilities in NR. In the latter, the number of UEs that share the same P-RNTI which can be paged by the same PDCCH is increased for NR. 
Note that the PDSCH bandwidth needed to accommodate the increased paging would also increase as a result such as possible implication on the UE power consumption which needs to be studied. 
Proposal 1: NR adopts the LTE paging indication mechanism (option 1) as baseline, where paging indication is based on P-RNTI of NR-PDCCH. 
· The total number of UEs that can be paged simultaneously is larger than 16 and FFS the exact number.

Paging group indicator and Paging Index
To reduce the downlink overhead due to paging message transmission, the network may first transmit a paging indicator when one of the UE is to be paged [5]. The Paging group indicator triggered the UE to send the random access request. Then UE transmit the random access request to network. The UE random access request can indicate the coverage beam where UE is located [6]. The network can transmit the paging message by the beams receiving the random access request and the overhead can be reduced. Furthermore, multiple UEs in the area or PO are assigned a common group ID and paging group indicator is used to page the common groups. If a common group ID is alert, all the UEs assigned to the group need to send the random access request [7]. The UEs in the groups which are not paged don’t send the random access request which can save the UE power and reduce beam number of the paging message transmission. Different random access preambles can be used to associate to different group ID. The paging message delivered to UEs only contains the UE IDs of paging group corresponding to the received preambles in each beam, as shown in Fig1. Thus, the paging message content can be reduced. 


Fig1. Paging procedure with paging group indicator
However, UE power consumption increase significantly due to the UE feedback. The paging procedure will occupy UL resource which will increase the overhead. Compared with LTE paging mechanism, the paging group indicator transmission will also increase the overhead. Furthermore, there are a lot of concerns to be solved in paging group indicator, such as paging indicator format, preambles. So paging group indicator triggered the UE feedback should not be discussed in this release.
Another method to reduce the paging transmission overhead is compressed UE-ID or paging index. The Paging index can be used instead of s-TMSI or IMSI. This method can improve the paging transmission efficiency but will results in increased false alarm. According to [8], when paging index is 14 bits, the probability of a false alarm becomes less than 10-3. However, if two UEs experience false alarm in an area or a PO, it will persist until one of them leave the area. Hence, the false alarm of this method needs to be evaluated. 
Proposal 2: Paging group indicator triggering UE feedback (option 2) and Paging index is not supported in Rel-15.
The paging group indicator without UE feedback can still help to reduce UE power consumption, because UEs whose group is not being paged can skip remaining awake to receive and decode the paging message on PDSCH.  The impact to overhead of including a (short) group indicator in the paging DCI is limited and we consider that it is justified by the power savings.
Proposal 3: Paging group indicator without UE feedback (option 3) is supported in Rel-15.

Multiplexing with SS blocks
Although it is beneficial to multiplex paging with SS blocks in frequency (the sweeping overhead can be saved), this may not always be possible since paging message addressing all UEs can only be transmitted within the minimum UE Rx bandwidth. In case the minimum UE Rx bandwidth is confined with the SS block bandwidth, there may be not enough resources left for paging, especially when there are many UEs being paged simultaneously. In this case, another round of beam sweeping in time should be supported. Note that this may also be necessary from paging capacity point of view. 
To support multiplexing paging and SS block in either frequency or time, NR should provide the configurability of time-frequency resources of the CORESET for paging. This can be achieved by signalling the CORESET resource configuration via MIB, RMSI or OSI. For simplicity, paging and RMSI could share the same search space within the CORESET signalled in PBCH. 
To enable beam sweeping for paging, each paging occasion can consist of multiple time slots and the number of time slots in a PO is provided in system information. Within each time slot, the paging message or the paging indication can be transmitted using one particular beam. Since both SS block and paging are broadcasted within the cell, one possibility is to use the same beam for both SS block and paging. In this case, the number of SS blocks can be used to derive the number of time slots in a PO. However, one may need to indicate the QCL relationship between SS block and the corresponding paging.
Proposal 4: The CORESET configuration for paging is signalled in RMSI. The number of time slots in a PO can be derived by the number of SS blocks, which depends on whether multiplexing with SS block and how many SS block beam is used to transmit the paging DCI in one slot.
In LTE, the PO location is based on the PF and the subframe. UE’s PF is calculated based on the UE ID. The PO location in a PF is fixed and UE need not to detect the PO time location blindly. In the NR, the PF location also can be calculated based on the UE ID and PO number. However, there may be multiple POs in a PF and paging occasion can consists of multiple time slots. The different length of PO due to the implementation of different SS block numbers may cause the initial location of PO interval is different. So the time and frequency locations of PO DCI can be configured in the RMSI. The time location can be the initial location of PO interval. To reduce the configuration overhead, DCIs of multiple POs can be configured together in a PF as shown in the fig 2. In the fig.2, since the PO1~4 have the same initial time location; we only need to configure one time initial location which reduces the configuration overhead. The PO number at a time interval can be configured.
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Fig2. Paging configuration
Proposal 5: To reduce the configuration overhead, NR should support joint configuration of the CORSET for different POs. Specifically, N FDMed POs is specified, and the number N depends on whether paging DCI is FDMed with SS block.

Paging without NR-PDSCH
To further reduce the beam sweeping overhead, some paging message with very limited payloads e.g., cmas-Indication, etws-Indication, systemInfoModification, could be transmitted over NR-PDCCH, if they are supported in paging.
Proposal 6: NR Support cmas-Indication, etws-Indication, systemInfoModification being transmitted over NR-PDCCH, if they are supported in paging.

Summary of proposals
The proposals made in this paper are summarized as follows:
Observation 1: The issue of beam sweeping overhead for paging transmission should be addressed in Rel-15, especially for high frequency band with up to 64 SS block beams.
Proposal 1: NR adopts the LTE paging indication mechanism (option 1) as baseline, where paging indication is based on P-RNTI of NR-PDCCH. 
· The total number of UEs that can be paged simultaneously is larger than 16 and FFS the exact number.
[bookmark: _GoBack]Proposal 2: Paging group indicator triggering UE feedback (option 2) and Paging index is not supported in Rel-15.
Proposal 3: Paging group indicator without UE feedback (option 3) is supported in Rel-15.
Proposal 4: The CORESET configuration for paging is signalled in RMSI. The number of time slots in a PO can be derived by the number of SS blocks, which depends on whether multiplexing with SS block and how many SS block beam is used to transmit the paging DCI in one slot.
Proposal 5: To reduce the configuration overhead, NR should support joint configuration of the CORSET for different POs. Specifically, N FDMed POs is specified, and the number N depends on whether paging DCI is FDMed with SS block.
Proposal 6: NR Support cmas-Indication, etws-Indication, systemInfoModification being transmitted over NR-PDCCH, if they are supported in paging.
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