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Introduction
[bookmark: _Ref129681832]This document provides a summary of the open issues and proposals in AI 7.1.3: “Paging design” based on the tdocs in this agenda item.   

Summary and Proposals
1-bit DCI Indication of Short Messages
Background: 
	Agreements:
· NR supports sending of short paging messages e.g. systemInfoModification, cmas-Indication, and etws-Indication if supported in NR, in the Paging DCI.



Summary:
· One bit in Paging DCI is to indicate whether the short message or scheduling information is carried in DCI. (MTK)
· NR should design paging DCI considering simultaneous transmission of message and notification of SI information change and additional mechanism for forward compatibility.(LGE)
· NR PDCCH only paging message should reuse the LTE Direct Indication Information scheme.  The content of the PDCCH only paging message will be decided by RAN2. (CATT)
Agreements:
· NR supports a 1-bit in paging DCI to indicate whether the short message only or scheduling information only is carried in the Paging DCI


DCI Format
[bookmark: _Toc503275659][bookmark: _Toc503527189]Proposals: 
· [bookmark: _Toc503527190][bookmark: _Toc503275660]TS 38.212 should specify that paging DCI will be transmitted using DCI format 1_0, with certain bit positions assigned reserved values. 
· DCI format 1_0 lengths could be reused for DCI-only paging (FFS also 1_1) but the information contents could be redefined to carry the paging contents, similarly to the LTE direct indication framework.

1-bit indication of alternative Paging Mechanism
Background:
	Agreements-1 in RAN1 NR#3 meeting:
· 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.
Agreements-2 in RAN1 #90bis meeting:
· 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:



Summary: 
· The flag bit should be included in the DCI, and UE behavior based on the bit should be defined in Rel-15, Rel-15 UE treats the DCI as valid if the bit is set to '0' and discards the DCI if the bit is set to '1'. (ZTE)
· The flag bit in DCI can dynamically switch paging mechanism between sweeping mode (option 1) and other possible enhanced paging mechanism in the further release. And DL control session should capture the flag bit and describe the corresponding function. (ZTE)
· Paging DCI for Option 1 in Release 15 includes a paging mechanism indication bit for future possible enhancement of paging mechanism. NR supports either a 1bit indication or the use of different paging RNTI to indicate future enhanced paging mechanism (DCM)
· Paging design of Rel-15 should be forward compatible considering the possibilities of enhancement and optimization of paging delivery as discussed during the past meetings. (LGE)
· DCI design for Option-1 must ensure forward compatibility with at least Option-2 which could be supported in a later release. (NEC)

Working assumption:
· NR supports indication of future enhanced paging mechanism. 
· Note: The indication method will be decided in the next meeting.

TBS of Paging Message
Proposal: 
·  Max TBS for paging message is not larger than [660] bits.


Paging CORESET
Background:
	Agreements (RAN1#91):
· For paging,
· The following parameters for paging are explicitly signaled in the corresponding OSI/RMSI.
· It is up to RAN2 where the paging configuration is provided
· Paging occasion configuration, e.g., time offset, duration, periodicity
· [It is up to RAN2 how to configure the paging occasion.]
· PDCCH configuration which gives search space configuration including monitoring occasions within the paging occasion.
· For paging CORESET configuration, reuse the same configuration for RMSI CORESET as indicated in PBCH.



Summary: 
· It should be the same design mechanism of monitoring occasions for paging CORESET with the same or different monitoring occasions from the second four bits of RMSI CORSESET configuration. (ZTE)
· Paging CORESET configuration should not reuse the configuration for RMSI CORESET monitor window. The PO configuration should be configured independent of the configuration for RMSI CORESET monitor window. (CATT)
· RAN1 should ensure that common CORESET and search space definitions support FDM of SSB and paging transmissions in above-6 bands. (E)
· To allow RMSI and paging to be scheduled in the same slot, allow the PDCCH of RMSI and PDCCH of paging to be transmitted in a slot in either TDM or FDM manner. (CMCC)
· NR should support both slot and non-slot based PDCCH for paging delivery. (LGE)

Note: The above proposals seem to be already covered by the agreements we have in RAN1#91 given above.
Conclusion: It was decided in RAN1#91 that RAN2 would provide the paging occasion configurations e.g. time offset, duration, periodicity. So, RAN1 would not consider the above items (in Section 2.5).

SS/PBCH Block and Paging Occasion
Background:
	Agreements:
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages.
· UE is not required to soft combine multiple Paging DCIs within one PO.



Summary: 
· UE assumes that the DM-RS port of the i-th paging PDCCH/PDSCH transmission in a PO is quasi co-located with the i-th SS/PBCH block, where the SS/PBCH block index is obtained based on indication according to the SSB-transmitted-SIB1. (SS)
· Adopt the following change in TS38.214, and how to further capture one SS/PBCH block and one paging transmission in a PO (together with RMSI and OSI) in TS38.213 and TS38.214 is up to the editor. (SS)
· Information regarding the actually transmitted SS block locations in RMSI could be used to determine the time window for paging sweep monitoring. (Nokia)
· For paging, the PDCCH occasion index i used to calculate the slot index of the ith PDCCH occasion is indexed based on the actual transmitted SS/PBCH blocks indicated in RMSI. (HW
· Each SSB in an SS burst set is associated with a monitoring window within a paging occasion.(QC)
· Association between SSB index and UE index and paging frame, paging occasion and monitoring window within a paging occasion can be configured via RMSI. (QC)
· The default association between SS block index and monitoring window within paging occasion is same as that between SS block index and RMSI monitoring window. (QC)

Proposal:
· UE assumes that the DM-RS port of the i-th paging PDCCH/PDSCH transmission in a PO is quasi co-located with the i-th SS/PBCH block, where the SS/PBCH block index is obtained based on indication according to the SSB-transmitted-SIB1.
TP for Section 5.1 of TS38.214:
· When receiving PDSCH for RMSI or broadcasted Other System Info or paging the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].
Agreements:
· To adopt the TP for Section 5.1 of TS38.214:
When receiving PDSCH for RMSI or broadcasted Other System Info or paging the UE may assume that the DM-RS port of PDSCH is quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].


Option 1- Proposals: 
· For Type2-PDCCH common search space, PDCCH monitor occasion index is based on the actually transmitted SS/PBCH blocks SSB-transmitted-SIB1 as indicated in SIB1

Option 2 - Proposals:
· “Association between SSB index and monitoring window of PDCCH containing a paging grant can be configured via RMSI.
· The default association between SSB index and monitoring window of PDCCH containing a paging grant is same as that between SSB index and RMSI monitoring window.”

Proposals:
· The a“Association between actual transmitted SSB index and the monitoring window of PDCCH containing the a pPaging DCI grant can be configured via RMSI.
· It is up to RAN2 on how to do the above configuration.
· The default association between SSB index and monitoring window of PDCCH containing a Ppaging DCI grant is same as that between SSB index and its RMSI monitoring window.


Multiple Paging Occasions
Summary:
· Multiple FDMed POs should be supported to save beam sweeping overhead and increase paging capacity  (HW)
· Inform RAN2 that an offset should be introduced to calculate for actual PF location when paging DCI is FDMed with SS/PBCH block.

· NR supports FDMed transmission of QCLed SS/PBCH block and Paging CORESET: (HW)
· The frequency resources of Paging CORESET are defined by frequency offset in terms of the number of PRBs.
· PDCCH configuration in OSI/RMSI including the FDMed and/or TDMed information

· NR supports signalling of one or more paging occasion configurations. Each paging occasion configuration is associated with one paging occasion in a paging frame. (Mot)
· The higher layer parameter ‘paging-SearchSpace’ has the following information elements: (Mot)
· pagingOccasionList: a list of paging occasion configurations 
· pagingFrameDuration: 1 paging frame can be 1 radio frame or 2 radio frames.
· PagingOccasion: a paging occasion configuration  
· groupOffset (O): possible values are {0, 2, 5, 7} when subcarrier spacing of SS/PBCH block is 15kHz or 30kHz and {0, 2.5, 5, 7.5} when subcarrier spacing of SS/PBCH is 120kHz or 240kHz
· nrofSearchSpaceSetsPerSlot (N): possible values are {1, 2}
· slotIncrementStep (M): possible values are {1/2, 1, 2}
· startOFDMsymbol: possible values are {0, 1, 2, 3, …, 12, 13}
· slotOffset (K): possible values are {0, 1}

· In case of any paging capacity issue, multiple paging sub-bands can be configured for UE paging similar to eMTC paging mechanism. (MTK).

Proposal(s):
· NR supports signalling of one or more paging occasion configurations. Each paging occasion configuration is associated with one paging occasion in a paging frame. 
· The higher layer parameter ‘paging-SearchSpace’ has the following information elements: 
· pagingOccasionList: a list of paging occasion configurations 
· pagingFrameDuration: 1 paging frame can be 1 radio frame or 2 radio frames.
· PagingOccasion: a paging occasion configuration  
· groupOffset (O): possible values are {0, 2, 5, 7} when subcarrier spacing of SS/PBCH block is 15kHz or 30kHz and {0, 2.5, 5, 7.5} when subcarrier spacing of SS/PBCH is 120kHz or 240kHz
· nrofSearchSpaceSetsPerSlot (N): possible values are {1, 2}
· slotIncrementStep (M): possible values are {1/2, 1, 2}
· startOFDMsymbol: possible values are {0, 1, 2, 3, …, 12, 13}
· slotOffset (K): possible values are {0, 1}

Proposal(s):
· NR supports signalling of one or more paging occasion configurations in time and/or frequency. Each paging occasion configuration is associated with one paging occasion in a paging frame. 


Others  
Proposals (QC):
· NR supports index-based paging mechanism while allowing for appropriate index size that sufficiently reduces the probability of false alerts. 
· NR considers index-based paging, conveyed through PDSCH of paging message and preceded by paging scheduling DCI, with false-alert resolutions in the RRC connection establishment procedure. 
· NR supports time hashing of paging index, i.e., a UE falls into different paging groups at different times.
Comment: This I believe we also de-prioritized along with other Options of the paging mechanism.

Observations (Nokia):
· Observation 1: Multi-beam system would benefit of being able to adapt flexibly the time domain length of the paging message.
· Per our decision in Section 2.5.
· Observation 2: Non-slot based scheduling could be used to reduce the paging sweep overhead
· Comment: The decision to support non-slot PDCCH was not agreed for the control session and here we align with that decision as well. 
· Observation 3: To account different beamforming architectures, the paging occasion should include multiple paging scheduling occasions.
· Per our decision in Section 2.5..
· Observation 4: Information regarding the actually transmitted SS block locations in RMSI could be used to determine the time window for paging sweep monitoring.
· Per our decision in Section 2.6
· Observation 5: Limiting the valid paging frames to subset of frames could allow better distribution of paging load.
· Should be decided in RAN2
· Observation 6: The time placement of paging PDCCH and PDSCH should be independent of SS/PBCH block periodicity.
· Should be decided in RAN2

Proposals (ViVo)
· Paging bandwidth part (P-BWP) is defined as the bandwidth part that may contain paging message, and is derived from the UE IDs and network configurations. A UE only monitors paging in a particular P-BWP that derived from its UE ID. 
· The information (number, frequency location, etc.) of cell defining SSBs/initial active DL BWPs in a cell could be indicated to UE in RMSI/OSI. A UE only monitors paging in a particular initial active DL BWP that derived from its UE ID.  
Proposals (QC):
· In a multi-beam system, NR uses the following terms to define the specific time of UE’s wake up:
· Paging occasion: The set of slots that contain possible paging grants for a UE
· Comment: These are already captured in RAN2 Stage 2 specs
· In NR, a paging occasion is defined as a number of slots where a UE has to monitor a PDCCH carrying paging DCI.
· Paging frame: A radio frame that contains one or more paging occasions
· Monitoring window within the paging occasion: The specific slot within the paging occasion, containing paging grant for an UE, which is associated with an SS block index 
· In RAN1#91, we agreed that the above two aspects (Paging Frame and Monitoring window would be decided by RAN2)
Proposals (Sequans):
· Proposal 1: For repeated PI transmissions, the PI conveys the PM’s scheduling time.
· Proposal 2: The PI signals the associated beam(s) for PM transmission.
· Proposal 3: The associated beam(s) for PM transmission are determined according to last registered beam(s).
· Proposal 4: The associated beam(s) for PI and PM transmission are determined according to last registered beam(s).
· Proposal 5: NR should support contention free RA for paged UEs with an implicit indication of the assigned RA preamble over the paging related message (e.g., according to the physical allocation).
· Proposal 6: The RA preamble assignment for paged UEs is proposed to be dynamically enabled/disabled either implicitly according to the ascending/descending list order of the paged UEs given by the PM, or explicitly in the PI/PM payload, or semi-statically controlled by RRC configuration.
· Comment: These are enhancements rather than essential corrections.
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