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1	Introduction
Previous RAN1 meetings have made the following agreements on paging:
· 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
· Paging mechanism in Rel-15 is Option 1: Paging DCI followed by Paging Message
· 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 
· 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.
· 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.
· UE is not required to soft combine multiple Paging DCIs within one PO.
· NR supports both slot and non-slot based PDCCH and PDSCH  transmissions for Paging delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the Paging PDSCH is supported
· NR supports sending of short paging messages e.g. systemInfoModification, cmas-Indication, and etws-Indication if supported in NR, in the Paging DCI.
· If scrambled by P-RNTI, the following information is transmitted by means of the DCI format 1_0:
· -	Short Messages Indicator – 1 bit. This bit is used to indicate whether the short message only or scheduling information only is carried in the Paging DCI.
· The association between actual transmitted SSB and the monitoring window of PDCCH containing the Paging DCI and the broadcast OSI DCI can be respectively 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 Paging DCI and a broadcast OSI DCI is same as that between SSB index and its RMSI monitoring window.
· 

In this contribution, we discuss remaining open details related to paging in NR. 

[bookmark: _Ref178064866]2	Discussion
2.1 Extension of paging functionality in future releases
It has been decided not to provide any explicit bits in the paging DCI to account for additional paging schemes that may be introduced in future NR releases. Instead, additional paging RNTI values can be introduced to ensure that later-release paging DCI-s will only be discernible to later-release UEs that are compatible with these schemes. 
Paging originates from and aggregation of multiple UEs into a paging message is performed by the core NW. Therefore, the core NW must have information about which releases the individual UEs support and consider that info when grouping them for paging so that Rel-15 UEs do not appear in later-release paging messages. 
[bookmark: _Toc506500594][bookmark: _Toc510766825][bookmark: _Toc510794642][bookmark: _Toc510800852][bookmark: _Toc513828671]Confirm that RAN2/3 ensures that core NW performs proper aggregation of UEs for paging, based on the NR release they support.
2.2  Paging scheduling in relation to SSB
Configuration for the search space for paging is now a general search space configuration that also allows configuration of the starting symbol in a non-slot-aligned manner. Note that the general principle adopted for search spaces is that the UE is only required to monitor one search space per slot in relation to one SSB, i.e. the same starting position is used in all slots. 
The CORESET for paging is the same as the common CORESET used for RMSI. In the previous meeting, it was however agreed that paging PDCCH monitoring window may separately configured in RMSI. This allows flexible fine-tuning of the timing of the paging transmission within the slot. 
[bookmark: _Hlk510562910]The definition of the SSB burst structures includes gaps between the individual SSBs that avoid blocking the UL for extended periods of time and allow e.g. URLLC UEs to transmit in the UL without undue delay.  In deployments that support URLLC, paging PDCCH/PDSCH sweep should also be configured with that constraint in mind. There are multiple conceivable configurations for paging distribution, including sweeping PDCCH first and PDSCH separately later, after a specified time offset, or transmitting PDCCH and PDSCH in a common sweep.
[bookmark: _Toc485117318][bookmark: _Toc485122755][bookmark: _Toc485148411][bookmark: _Toc485294686][bookmark: _Toc485407855][bookmark: _Toc492598278][bookmark: _Toc492598315][bookmark: _Toc492629150][bookmark: _Toc492631145][bookmark: _Toc492915161][bookmark: _Toc494198301][bookmark: _Toc494199969][bookmark: _Toc494199981][bookmark: _Toc494200022][bookmark: _Toc494200030][bookmark: _Toc494200090][bookmark: _Toc494716909][bookmark: _Toc494746957][bookmark: _Toc498673311][bookmark: _Toc498721265][bookmark: _Toc503535857][bookmark: _Toc506497795][bookmark: _Toc506500589][bookmark: _Toc510766822][bookmark: _Toc510794638][bookmark: _Toc513828667]Paging PDCCH/PDSCH sweep configuration by the NW should account for the UL access needs of URLLC UEs in the system. 

2.3  Use of reserved bits in DCI for RAN2 paging functionality
It has been agreed that DCI format 1_0 will be used for paging. It has been agreed to reserve certain bits (marked as orange in Table 1) that are not usable for broadcast signalling. These bits can carry additional information inserted by higher layers. For example, RAN2 can use these bits for additional functionality in paging. 
[bookmark: _Toc510766823][bookmark: _Toc510794639][bookmark: _Toc513828668]The reserved bits in the paging DCI should not be assumed by UE to take any specific values. 
In FR2 deployments, up to 64 SSBs are supported, in which case the QCL assumptions also imply the need to sweep the paging PDCCH in the same number of beams. In order to maintain compact PO definitions, it is in some configurations advantageous to sweep the PDCCH first, followed by a PDSCH sweep for the respective beams. If PDCCH is swept in a large number of beams, the timing offset a PDCCH and a corresponding PDSCH will be multiple slots. It should therefore be ensured that such offsets in terms of K0 values can be specified in paging DCI [3].
[bookmark: _Toc510766826][bookmark: _Toc510794643][bookmark: _Toc510800853][bookmark: _Toc513828672]The time-domain resource assignment table, or other signalling approach, used for paging DCI should support configuring a long PDCCH sweep followed by a corresponding PDSCH sweep.

	Field
	Bits
	Comment

	Identifier for DCI formats
	1
	Reserved

	Frequency domain resource assignment
	[image: cid:image001.png@01D3C66C.CF29FF40]
	

	Time domain resource assignment
	4
	Use default time allocation table

	VRB-to-PRB mapping
	1
	

	Modulation and coding scheme
	[4]
	Same MCS table as for “normal” transmission without 256QAM, only lowest part used.
According to the WA, only QPSK is used

	New data indicator
	1
	Reserved

	Redundancy version
	2
	Reserved

	HARQ process number
	4
	Reserved

	Downlink assignment index
	2
	Reserved

	TPC command for scheduled PUCCH
	2
	Reserved

	PUCCH resource indicator
	3
	Reserved

	PDSCH-to-HARQ_feedback timing indicator
	3
	Reserved



Table 1: Reserved fields in DCI format 1_0 when used for paging.
2.4  Paging DCI for simultaneous short message and scheduling
It is advantageous for the network to be able to transmit SI/EWTS/CMAS update indication and paging PDSCH scheduling information in the same DCI. Further, the current WA states that the UE does not need to decode paging PDSCH in the RRC_CONNECTED  mode. This precludes SI update signalling together with scheduled paging in the PDSCH to those UEs [5]. 
[bookmark: _Toc513828669]Current P-RNTI DCI definition does not support simultaneous PDSCH scheduling and short message transmission. 
The current DCI format 1_0, when scrambled with P-RNTI, contains up to 17 reserved bit positions. The short message bits can therefore be embedded in these bits without affecting the broadcast scheduling-related information bits in the format 1_0 [4]. 
[bookmark: _Toc513828673]The RAN1 control session should agree that short message bits in P-RNTI DCI should be placed in received bit positions that do not interfere with bits involved in paging PDSCH scheduling bits.

2.5  Paging in BWPs other than the initial BWP
In NR, a UE can be simultaneously associated with a single BWP. RAN4 has estimated the required time for a UE to switch between BWPs as typically 0.5…1 ms and up to 2 ms. At least in FR1, up to 1…2 ms switching time makes P-RNTI DCI transmission practical in a non-initial BWP.  After receiving SSB on the initial BWP and obtaining paging CORESET information, the UE can switch to the required BWP for P-RNTI DCI reception. This is possible if the NW schedules the POs after SSBs with the switching time constraint in mind. Additional required functionality is the ability to specify the BWP for the paging CORESET in RMSI.  
[bookmark: _Toc513828674]Paging CORESET definition in SIB1 should support specifying a BWP that differs from the initial BWP.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Paging PDCCH/PDSCH sweep configuration by the NW should account for the UL access needs of URLLC UEs in the system.
Observation 2	The reserved bits in the paging DCI should not be assumed by UE to take any specific values.
Observation 3	Current P-RNTI DCI definition does not support simultaneous PDSCH scheduling and short message transmission.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Confirm that RAN2/3 ensures that core NW performs proper aggregation of UEs for paging, based on the NR release they support.
Proposal 2	The time-domain resource assignment table, or other signalling approach, used for paging DCI should support configuring a long PDCCH sweep followed by a corresponding PDSCH sweep.
Proposal 3	The RAN1 control session should agree that short message bits in P-RNTI DCI should be placed in received bit positions that do not interfere with bits involved in paging PDSCH scheduling bits.
Proposal 4	Paging CORESET definition in SIB1 should support specifying a BWP that differs from the initial BWP.
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