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1 Introduction
During the RAN1#90 meeting, concerns on beam sweeping overhead for paging was raised and the following was agreed:

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 

Furthermore, during the NR SI, the following was agreed [1]

“For paging in multi-beam operation, beam sweeping is supported for paging. For the paging channel design at least for RRC idle mode, paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH.”
Moreover, during RAN#88, the following was agreed [2]:

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 

Subsequently during RAN#88bis, the following was agreed [3]:

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
At RAN AH3 meeting, the following was agreed [8]:

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. 

· 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

At RAN 90bis meeting, the following was agreed [9]:
Agreements:

· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported

· From RAN1 perspective, paging scheduling DCI and Paging Message are sent at least in the same slot

· From RAN1 perspective, NR supports LTE-like UE grouping where UE is specifically configured of its PO/slot. This is considered part of Option 1.

· Details of UE grouping are up to RAN2 

· LS to RAN2 to inform the above agreements – Teck (Huawei) (R1-1718926), which is endorsed in R1-1719164 with the following updates:

· Update the note to “Note that in RAN1#86bis, the following agreements were made:

· NR supports at least same-slot and cross-slot scheduling for DL.”

Agreements:

· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages

· FFS: The details on the associations between SS blocks and possible subsets of Paging DCI/Messages.

In this contribution we discuss techniques for reducing the overhead caused by the paging transmission using beam sweeping including an indication-based NR paging procedure using downlink paging indication (PI) and consequential UE uplink response transmission and a local beam sweeping paging mechanism
2 Discussion
2.1 Indication-based paging
2.1.1 Paging indication using beam sweeping
The overhead impact of beam-swept paging transmission and corresponding enhancement techniques have been discussed extensively during recent RAN1 and RAN2 meetings. A UE-response driven paging mechanism based on paging indication (Option 2 as discussed in RAN1 AH3 agreement [8])) has been proposed in details in [4] and [5] as described in steps below:
1. One or multiple TRPs transmit a paging indication based on UE grouping using beam sweeping during PO.  UEs determine the group ID based on their UE ID and some system information.  For example, the P-RNTI used in LTE paging procedure can be considered as a group ID, where only a single group exists.
2. UEs upon detection of the paging indication transmit a PRACH-based response to provide the TRP/TRPs with downlink beam and possibly also the UE ID information.  All UEs in the paging indication group will trigger such a response transmission.  
3. The network determines the TRP and downlink beams for a resulting paging transmission.  The paging transmission depending on the UE response design can be a paging record data transmission or a paging confirmation.  The corresponding downlink transmission is in the selected downlink beams.  
The mechanism reduces the DL transmission overhead by repeating the group-based paging indication transmssion rather than paging data transmission for paged UEs in all swept beams by all TRPs in the paging area.  
Proposal 1: Support paging indication using beam sweeping and triggering UE response (Opt2) for paging procedure. 
However, the overhead of false UE response transmission by UEs not having paging message results as a tradeoff of downlink overhead reduction. These UEs are in the same group and/or have the same paging indication configuration as another UE with an upcoming paging message. For these UEs, a false response transmission will be triggered. An initial analysis in [6] shows small group size can significantly reduce such false response transmission and NR, and so paging indication design that minimizes the false response transmission and reduce UL overhead should be explored.  

Observation 1: UE response transmission overhead can be reduced by properly dimensioning the paging group size.
In addition, the paging indication physical layer design shall consider enabling components for a paging indication transmission specific to a very small number of UEs. For example, the paging indication can use time and frequency resource, sequence (paging indication sequence or DMRS for paging indication) or other transmission parameters based on UE ID, DRX cycle and PO configuration. Thus multiple UEs configured with the same PO can monitor the paging indication at different symbol and frequency resource block, e.g. CORESET.
Proposal 2: Strive a paging indication PHY design to minimize number of UE response transmission triggered by the same paging indication.
It would be beneficial for the network to be able to evaluate different paging scenarios in terms of paging load and resource utilization and determine whether the conventional paging mechanism (Opt 1) or paging indication-based mechanism (Opt 2) shall be applied.  The selected paging mechanism can be indicated to a UE in DCI for example using different DCI formats or different RNTI.   
Proposal 3: Consider using DCI to indicate whether paging indication-based mechanism should be used (Opt 4).

2.1.2 Paging indication resource configuration and association with SS block
An example of the proposed indication-based paging transmission discussed in section 2.1 is illustrated in Figure 1 below. 
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Figure 1 NR paging procedure based on paging indication and consequential UE response

In order for a UE to receive the beam-swept paging indication either using DCI or an unscheduled channel during a PO, it is preferable that the UE has located the paging indication channel based on the multiplexing and association with the SS block. The multiplexing scheme includes:
1. Paging indication frequency-multiplexed with SS block: 
The PDCCH or unscheduled PHY channel carrying the paging indication is mapped at PSS and/or SSS symbols to the sub-carriers between the edges of PSS/SSS frequency allocation and PBCH frequency allocation.  This allocation ensures the paging indication is always within the system minimum bandwidth.  However, in this scheme the number of PO would be limited by the SS block transmission window and SS burst set periodicity and the network may not have adequate flexibility to configure the PO based on the paging load.   
2. Paging indication time-multiplexed with SS block:

The PDCCH or unscheduled PHY channel carrying the paging indication is mapped at different symbol locations than SS block. A UE derive the resource allocation and transmission parameters of the paging indication channel based on the UE ID, DRX cycle and a pre-configured association with the SS block.  This scheme allows an independent beam sweeping configuration for the paging transmission and thus separates the PO configuration from SS block burst set configuration.  
One advantage of TDM is allowing a UE to perform receive beam sweeping and identify a downlink beam for paging indication monitoring prior to the beginning of PO as shown in Figure 1.  The UE identifies a downlink beam based on SS block beforehand and applies e.g. a beam-specific association to locate PDCCH carrying the paging indication or a paging indication channel during PO.  As a result, the time period during PO for a UE to search and acquire a downlink beam is minimized.  The association can include:
· Spatial QCL relationship between SS block and paging indication channel, e.g. UE assuming they are always spatially QCL
· Relationship between SS block and paging indication beam sweeping, for example one’s periodicity is an integer multiple of the other’s
· Timing offset between SS block and the symbols allocated for paging indication channel

· DMRS for the paging indication channel 
With this association, the network is able to configure paging indication transmission and PO according to multiple UE configuration parameters such as UE category, DRX cycle, paging load, etc.   
Proposal 4: Support association between SS block and paging indication transmission regarding at least:

· Spatial QCL relationship
· Beam sweeping configuration

· Timing relationship (in case of TDM)
· DMRS configuration

2.1.3 Paging indication response transmission

The UE response transmission triggered by a paging indication can be based on PRACH transmission using the RACH resource associated with the selected SS block. Note it has been agreed for NR there is an association between the downlink SS block and a sub-set of RACH resource. However, the preamble selection of the UE response transmission can have more options than a random selection from the RACH resource sub-set associated with the selected SS block.  As discussed in detail in [5], a UE can use a pre-configured preamble dedicated to paging response purpose yet common for all UEs, a preamble based on the paging indication group information or a dedicated preamble for the response transmission.  
With beam correspondence the UE can select a UE TX beam for the response transmission based on the downlink beam in which it receives the paging indication transmission. This will indicate the TRP which downlink beam to transmit the paging data. It should be further studied how UE will select TX beam for the response transmission without beam correspondence. For example a UE TX beam sweeping can be considered, but the additional latency and UE battery consumption caused by the beam sweeping should be evaluated.  
Proposal 5: Support PRACH-based UE response transmission using TX beamforming configuration associated with the paging indication transmission when beam correspondence is present.
2.2  Local beam sweeping for paging

As an alternative of paging indicator for paging beam sweeping overhead reduction, a UE-specific or a UE group-specific local beam sweeping can be considered. The number of beams for paging could be up to 64 as the maximum number of SS blocks is 64 and the same set of beams could be used for paging channel when a UE is in RRC idle mode. Sweeping up to 64 beams for paging message in each paging occasion (PO) will result in excessive use of downlink resource for paging as well as unnecessary UE battery consumption since a UE needs to monitor paging DCI in all possible beams. Therefore, reducing the number of beams in which a UE monitors paging DCI in each PO could help overhead reduction and UE battery saving.
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Figure 2. Paging beam grouping with neighboring SS block beams
The number of beams on which a UE monitors paging DCI can be reduced by grouping paging beams and a UE monitors paging DCI within a group of paging beams which is assigned for the UE. For example, one or more paging beam groups can be configured by gNB and each paging beam group can include a set of SS block indices which associated with the paging beam group as shown in the figure 2. When a UE falls into RRC idle mode, the associated paging beam group information can be stored in the network so that the UE monitors paging DCI within the paging beam group unless the paging beam group is switched during RRC idle mode. Since a set of beams are grouped in a paging beam group, if the set of beams are local beams, the paging beam group may not be changed frequently although a UE location is changed during RRC idle mode.
Proposal 6: Support local beam sweeping for paging with multiple paging beam groups and a UE monitors paging DCI on the beams within a paging beam group

When a local beam sweeping for paging is used, the paging occasion should be determined based on the paging beam group identity so that UEs monitoring paging DCI in the same paging beam group could share the paging resources. Note that a paging resource (i.e., NR-PDCCH and its associated NR-PDSCH) cannot be shared by different paging beam group since they are using a different set of beams so that the paging resources for different beam group should be multiplexed in different time and/or frequency resources.

Therefore, the PO should be determined within the paging resources configured for the associated paging beam group, thus allowing the paging resource sharing between UEs associated with the same paging beam group. 
Proposal 7: Paging resources are configured per paging beam group and PO is determined within the paging resources configured for the paging group which is associated with the UE
Due to mobility, the associated paging beam group for paging DCI monitoring could change over time. A UE could monitor the beam quality of the current paging beam group; if the quality of the current paging beam is degraded significantly, the UE start measuring quality of other paging beam groups. As similar to beam recovery procedure and RLM, if the quality of the current paging beam group is below a threshold (e.g., Qout) and that of another paging beam group is above a threshold (e.g., Qin), the UE can trigger to update the paging beam group to monitor paging DCI. For example, if paging beam group should be changed/updated, the UE can start RACH procedure to update the paging beam group.
Proposal 8: A UE can trigger to update the associated paging beam group index via a RACH procedure
3 Conclusion

This contribution discusses techniques for reducing the overhead caused by the paging transmission using beam sweeping including an indication-based NR paging procedure using downlink paging indication (PI) and consequential UE uplink response transmission and and a local beam sweeping paging mechanismlocal beam sweeping for paging
.  The following observations are made:

Observation 1: UE response transmission overhead can be reduced by properly dimensioning the paging group size.

The proposals based on the discussions above are summarized below:
Proposal 1: Support paging indication using beam sweeping and triggering UE response (Opt2) for paging procedure. 

Proposal 2: Strive a paging indication PHY design to minimize number of UE response transmission triggered by the same paging indication.
Proposal 3: Consider using DCI to indicate whether paging indication-based mechanism should be used (Opt 4).
Proposal 4: Support association between SS block and paging indication transmission regarding at least:

· Spatial QCL relationship

· Beam sweeping configuration

· Timing relationship (in case of TDM)

· DMRS configuration
Proposal 5: Support PRACH-based UE response transmission using TX beamforming configuration associated with the paging indication transmission when beam correspondence is present.
Proposal 6: Support local beam sweeping for paging with multiple paging beam groups and a UE monitors paging DCI on the beams within a paging beam group

Proposal 7: Paging resources are configured per paging beam group and PO is determined within the paging resources configured for the paging group which is associated with the UE
Proposal 8: A UE can trigger to update the associated paging beam group index via a RACH procedure
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