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Introduction
Previous RAN1 meetings have made the following agreements on paging:
Agreements RAN1#88- RAN1#NR-AH3:
· 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
· The search space of NR-PDCCH addressing the paging message can be configured by gNB
· For paging, the same subcarrier spacing is used for data and control channels
· 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
· [bookmark: _GoBack]E.g., paging occasion design with beam sweeping
· E.g., techniques to reducing the paging sweeping beams 
· Paging mechanism to be down-selected from
· Option 1: Paging DCI followed by Paging Message
· Note: These do not imply that they are consecutive
· Option 2: Paging group indicator triggering beam reporting 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.  
Agreements RAN1#90bis:
· 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.”
· Paging DCI and Message numerology is the same as RMSI. 
· At least some parameters for Paging Occasions are explicitly signaled. 
· RAN1 understands this includes at least periodicity for the UE to monitor the paging scheduling DCI.
· Up to RAN2 to decide whether the above such information is in RMSI or OSI
· FFS: whether to support FDM of Paging Occasions and its configuration 
· 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.
· NR supports both slot and non-slot based PDSCH  transmissions for Paging delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the Paging PDSCH is supported
· FFS: Support of non-slot for PDCCH for Paging delivery



In this contribution, we discuss remaining open details related to paging in NR. 
This contribution is significantly revised from R1-1718714. 
[bookmark: _Ref481532168]Discussion
NR paging mechanism and the use of index-based paging
According to agreements in RAN1#NR-AH3 (cf. Introduction), four options for the paging mechanism are being considered and need to be down-selected. 
The LTE paging approach, paging DCI (PDCCH) followed by a paging message PDCCH) has been shown to work efficiently in LTE and is therefore expected to also be robust in NR sub-6 deployments. However, it has been presented [3] that using long UE IDs when paging large numbers of UEs per second and using large beam sweep sets, the required paging load becomes prohibitive and can in some network configurations exceed the total network capacity. In these situations, a group paging approach may be used where multiple (e.g. on the order of 10) UEs in the area are assigned a common group ID. The paging procedure consists of first paging the group, then registering the directions of the replying UEs, and paging with full UEs in the registered directions only. Alternatively, the response procedure may be made lighter by using special paging response PRACH sequences and using the RAR immediately for indicating the paged UE ID [4].
The approach is useful for reducing the initial paging load, but it will also increase UL response signaling as many more UEs are prompted to access the system, as well as the energy consumption of these UEs. The group paging setting should therefore be configurable, to be “off” by default (i.e. conventional paging is used) but turned “on” in some deployments where the conventional paging is problematic, e.g. mmW deployments with large beam sweep sets.
This corresponds to option 4 in the previous down-selection list. The choice of option 1 or 2 in the given paging transmission may be indicated in the paging DCI (explicitly, or implicitly via use of different DCI formats). Alternatively, the choice could be cell-specific, indicated via RMSI. 
[bookmark: _Toc494288220][bookmark: _Toc494440128][bookmark: _Toc494713808][bookmark: _Toc494747015][bookmark: _Toc498670416][bookmark: _Toc498670804][bookmark: _Toc498719539][bookmark: _Toc498732533]The agreed conventional paging approach (option 1) should be the default paging mechanism, but it should be possible to configure group paging (option 2) in deployments and scenarios where conventional paging load is excessive. 

Paging CORESET and DCI configuration 
The currently remaining options for paging CORESET are to use the same parameters as indicated for RMSI in the PBCH or to specify them in the RMSI.
For a (common) CORESET for PDCCH scheduling PDSCH containing paging, at least the following must be configured:
· Time and Frequency-domain resources, confined within NR UE minimum DL BW or initial active DL BWP for a given frequency band
· REG bundle size, interleaved or non-interleaved (CCE to REG mapping)
· Monitoring periodicity, slot based or non-slot based
In order to maintain a uniform approach to DCI handling in different signaling contexts, NR paging should use the same CORESET and DCI framework as e.g. RMSI and RAR signaling. 
[bookmark: _Toc498510220][bookmark: _Toc498510281][bookmark: _Toc498670418][bookmark: _Toc498670806][bookmark: _Toc498719540][bookmark: _Toc498732534]The paging CORESET configuration indicates the resource of the PDCCH that schedules the PDSCH carrying paging message, including at least the bandwidth (PRBs), frequency position and the CORESET duration and the relevant OFDM symbols.
[bookmark: _Toc498509678][bookmark: _Toc498509766][bookmark: _Toc498509804][bookmark: _Toc498509844][bookmark: _Toc498509973][bookmark: _Toc498510012]There is a wide range of foreseeable NR deployments, including co-existence needs with LTE in some cases and different coverage requirements for different signals in the NR NW. Therefore, requiring that paging transmission be limited to the same CORESET as the RMSI is likely to be limiting for efficient NW configuration in many deployments. These paging signal parameters should therefore be separately configurable in RMSI. However, to avoid duplicate CORESET info broadcast when it is unnecessary, and multiple CORESET configuration transmissions to support other access signal PDCCH reception, a more efficient solution should be devised than separately inserting additional CORESET settings in the SIB1. 
In the email discussion [90b-NR-23] after RAN1 #90 bits, the following agreements on CORESET configuration for random access were reached:
Agreements:
· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
· FFS the indication of the support of aggregation level 16 in the cell
· FFS: Set of search spaces for OSI, random access, and paging.
· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.
· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.
· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.
· By UE-specific RRC signaling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.
· Each CORESET configuration is associated with one or more sets of search spaces.
Note: each set of search spaces is associated with one CORESET configuration.


Based on the above agreements, we have the following observations: 
[bookmark: _Toc498693013][bookmark: _Toc498697930]The CORESET(s) for paging (as well as a various random access signals) can be configured by the following two options:
[bookmark: _Toc498693014][bookmark: _Toc498697931]Option 1: Use the same CORESET configuration as for RMSI indicated in PBCH. 
Option 2: The CORSET configuration(s) for random access is configured by RMSI.

[bookmark: _Toc498693015][bookmark: _Toc498697932]The agreement does not preclude that different CORESETs are configured separately for paging and other random access signals.
With Option 1, the same CORESET configuration is shared for RMSI and paging, message 2, message3-retx and message 4, which simplifies the system configuration. On the other hand, option 2 provides better configuration flexibility. In some cases, the CORESET configured for RMSI may not be large enough to support multiple PDCCHs carrying RMSI and paging, possibly along with message 2/message 3-retx/message 4 transmissions. For instance, for the case of frequency multiplexed RMSI and SSB, the time duration for the transmission of RMSI and the CORESET for PDCCH scheduling RMSI may consists of only 4 OFDM symbols, the RMSI CORESET can be configured with a time duration less than 4 symbols. This RMSI CORESET might not be able to support multiplexing of different PDCCHs to carry messages related tp paging. Therefore it is necessary to support option 2, i.e. different CORESET configurations for RMSI and paging, which is provided by including an additional CORESET configuration in the RMSI (SIB1). However, to simplify the system design, we propose that the same CORESET additional configuration is used for PDCCHs scheduling different access-related messages: paging, random-access messages, OSI, etc. 
[bookmark: _Toc498693068][bookmark: _Toc498719541][bookmark: _Toc498732535]If configured in RMSI, a single additional CORESET configuration is configured for PDCCHs that are used for scheduling paging, random access, and OSI PDSCH.
It is important to enable flexible CORESET allocation for the individual paging and other access signals, i.e. to be able to specific whether a given PDCCH (paging, RAR, msg 4, OSI, etc.) uses the RMSI CORESET or the additional CORESET defined in the SIB1. This can be indicated using a bitmap in SIB1 where the individual bits reflect the CORESET selection for a corresponding PDCCH.
[bookmark: _Toc498719542][bookmark: _Toc498732536]The choice of using either the RMSI CORESET or the additional CORESET is indicated for each common PDCCH (paging, random access, OSI, etc.) is indicated in a set of flags in the SIB1. 
Additional details of the CORESET configuration for paging, e.g., the set of aggregation levels and the candidates per aggregation level for PDCCH scheduling paging can be decided in the control channel session.
The DCI search space for a given CORESET includes the set of possible PDCCH CCE allocation and AL options. To minimize signaling, the search space definition for RMSI within its CORESET may be reused for paging PDCCH search space. 
[bookmark: _Toc498670419][bookmark: _Toc498670807][bookmark: _Toc498719543][bookmark: _Toc498732537]Search space definition for paging PDCCH within the paging CORESET is the same as the search space definition for RMSI PDCCH within the RMSI CORESET.
No agreements have been made yet on DCI formats for NR. One or more DCI formats for paging should be selected from the NR DCI format set once those are defined by control channel session in RAN1.
The expected DCI content for scheduling NR-PDSCH carrying paging information includes
· MCS for paging PDSCH
· Resource allocation for paging PDSCH
· CRC scrambled by Paging-RNTI
In LTE, DCI format 1C is used for scheduling PDSCH carrying RAR, paging, SI, etc. it is suitable for supporting simultaneous reception of a relatively small amount of information by multiple UEs. It is expected that the same type of DCI format will be appropriate for paging in NR.
[bookmark: _Toc498670420][bookmark: _Toc498670808][bookmark: _Toc498719544][bookmark: _Toc498732538]NR should select a DCI format for scheduling paging from the set of DCI defined by RAN1 control channel sessions; it should be able to carry MCS and resource allocation for conveying a relatively small amount of information to multiple UEs.
Paging delivery in DCI only
[bookmark: _Hlk498438933]In some paging use cases, the paging information is short and can fit in the paging DCI transmission, e.g. emergency messages, SI updated indication, or a single-UE system access request. In such cases, the separate paging message transmission is not required. This saves DL transmission resources and may reduce the time the UE needs to receive paging signals. Such transmission configurations should be supported by NR.
[bookmark: _Toc494440137][bookmark: _Toc494713817][bookmark: _Toc494747024][bookmark: _Toc498670421][bookmark: _Toc498670809][bookmark: _Toc498719545][bookmark: _Toc498732539]NR should support DCI-only paging transmissions in cases the paging information fits in the paging DCI space.
In such a paging configuration, the PDCCH transmission does not contain traditional DCI information, but conveys the paging information itself. The contents of the message are determined by RAN2. It is estimated that light paging messages may carry approximately 50 bits of information. Assuming that a regular DCI format used for paging will have a length of 15 bits as in LTE, transmitting 50 bits of paging information in the PDCCH provides signaling load savings of 15/(15+50)=23%, plus avoids the CRC transmission overhead in the PDSCH. 
[bookmark: _Toc498670422][bookmark: _Toc498670810][bookmark: _Toc498719546][bookmark: _Toc498732540]PDCCH in DCI-only paging transmissions should support transmission of approximately 50 bits of information.
Paging scheduling flexibility in time and frequency in relation to SSB
The timing relation of paging transmission wrt. the preceding SSB should be flexible. In order to maintain scheduling freedom for gNBs, it should be possible to configure paging with timing arbitrary offset to the SSB that the UE is configured with or can derive based on known SSB and paging DRX periods and relative phases. The offsets can also vary due to paging period not being an integer multiple of the SSB period, but the UE can derive the current offset using to long-term frame and DRX period counters. Such flexible arrangement should of course include the possibility to configure them with period that are integer multiples of each other, and nearby in time in order to minimize the awake time for low-energy UEs with long DRX cycles. 
[bookmark: _Toc481532321][bookmark: _Toc485287957][bookmark: _Toc485401234][bookmark: _Toc492593590][bookmark: _Toc492594845][bookmark: _Toc494288224][bookmark: _Toc494440135][bookmark: _Toc494713815][bookmark: _Toc494747022][bookmark: _Toc498670423][bookmark: _Toc498670811][bookmark: _Toc498719547][bookmark: _Toc498732541]Timing offset between SSB reception and paging reception for a UE should be configurable by the NW and range from zero to multiple subframes, and the paging period need not be an integer multiple of the SSB period.
In low frequency bands, omnidirectional or wide-beam transmission will typically be used for paging delivery. 
In higher frequencies, sweeping of narrow beams may be used for paging, exactly as for SSB. In that case, the paging sweep may be aligned with the SSB sweep. Frequency-multiplexing paging in the same OFDM symbols as SSB is an efficient solution in terms of sweep duration. However, it comes with the disadvantage that a minimum BW UE could not perform simultaneous SSB and paging reception (assuming minimum BW for a UE is the same as the SSB BW). In this case, adjacent (or nearby) location of SSB and paging in time would be the preferred choice. NR should thus support adjacent and non-adjacent, and T- and F-multiplexed SSB/paging. This can be supported if NR allows the UE to be configured by the gNB with the paging resources. This is depicted in Figure 1.
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Figure 1: SSB and paging transmission in adjacently in frequency and time.

[bookmark: _Toc477432286][bookmark: _Toc477432539][bookmark: _Toc477434830][bookmark: _Toc478047676][bookmark: _Toc481532322][bookmark: _Toc485287958][bookmark: _Toc485401235][bookmark: _Toc492593591][bookmark: _Toc492594846][bookmark: _Toc494288225][bookmark: _Toc494440136][bookmark: _Toc494713816][bookmark: _Toc494747023][bookmark: _Toc498670424][bookmark: _Toc498670812][bookmark: _Toc498719548][bookmark: _Toc498732542]In beam sweeping scenarios, it should be possible to configure whether SSB and paging and are adjacent in time or in frequency.
Non-slot-based PDCCH transmission for paging
It has been agreed that NR supports both slot and non-slot based PDSCH transmissions for paging delivery and, for the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the Paging PDSCH is supported. Currently support of non-slot-based PDCCH for paging delivery is FFS.
The non-slot based PDSCH arrangement is attractive since it enables support of a larger number of paging operations per slot in some scenarios. However, the multiple mini-slot boundaries for different UEs’ or UE groups’ paging data may be utilized only if the PDCCH transmissions for those UEs or UE groups can be preceded by corresponding paging DCI transmissions. If the PDCCH is limited to occur at the slot boundary, the PDCCH capacity for a given CORESET and search space may itself become a limiting factor for paging efficiency. To realize the potential of increased paging PDSCH flexibility it is therefore necessary to support non-slot based PDCCH transmission for paging. 1-, 2-, and 7-symbol configurations should be included. 
In addition to increasing the paging capacity, non-slot based paging DCI also improves paging scheduling flexibility in the presence of delay-critical data transmissions, especially in narrow-band deployments where it may not be possible to separate in frequency the data PDCCH and paging PDCCH search spaces.
By applying the additional dimension of non-slot-based alignment only to a subset of the UEs in the network, the UE blind paging detection effort can be avoided for UE classes with particular complexity or energy efficiency constraints. 
[bookmark: _Toc498670425][bookmark: _Toc498670813][bookmark: _Toc498719549][bookmark: _Toc498732543]NR should support non-slot based PDCCH transmissions for paging DCI with 1-, 2-, and 7-symbol durations.


Conclusion
[bookmark: _Hlk492593645]Based on the discussion in section 2, we propose the following:
Proposal 1	The agreed conventional paging approach (option 1) should be the default paging mechanism, but it should be possible to configure group paging (option 2) in deployments and scenarios where conventional paging load is excessive.
Proposal 2	The paging CORESET configuration indicates the resource of the PDCCH that schedules the PDSCH carrying paging message, including at least the bandwidth (PRBs), frequency position and the CORESET duration and the relevant OFDM symbols.
Proposal 3	If configured in RMSI, a single additional CORESET configuration is configured for PDCCHs that are used for scheduling paging, random access, and OSI PDSCH.
Proposal 4	The choice of using either the RMSI CORESET or the additional CORESET is indicated for each common PDCCH (paging, random access, OSI, etc.) is indicated in a set of flags in the SIB1.
Proposal 5	Search space definition for paging PDCCH within the paging CORESET is the same as the search space definition for RMSI PDCCH within the RMSI CORESET.
Proposal 6	NR should select a DCI format for scheduling paging from the set of DCI defined by RAN1 control channel sessions; it should be able to carry MCS and resource allocation for conveying a relatively small amount of information to multiple UEs.
Proposal 7	NR should support DCI-only paging transmissions in cases the paging information fits in the paging DCI space.
Proposal 8	PDCCH in DCI-only paging transmissions should support transmission of approximately 50 bits of information.
Proposal 9	Timing offset between SSB reception and paging reception for a UE should be configurable by the NW and range from zero to multiple subframes, and the paging period need not be an integer multiple of the SSB period.
Proposal 10	In beam sweeping scenarios, it should be possible to configure whether SSB and paging and are adjacent in time or in frequency.
Proposal 11	NR should support non-slot based PDCCH transmissions for paging DCI with 1-, 2-, and 7-symbol durations.
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