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This document provides a summary of the open issues and proposals in AI 7.1.1.3: “Paging design” based on the tdocs submitted in this agenda item.   

Summary and Proposals
DCI Format 
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.
Agreements:
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.




Summary:
· Proposal: Support a compact DCI format for paging with the contents in Table I as a baseline. (SS)

Table I: Compact DCI for paging
	Field
	DCI Format 1-0
	Compact DCI for paging
	Description

	Header
	≥1
	1
	Indicator for paging scheduling or short message

	Frequency-domain PDSCH resources
	
	
	Only support resource allocation type 1

	Time-domain PDSCH resources
	≤4
	≤2
	Limited entries 

	VRB-to-PRB mapping
	1
	0
	Only distributed mapping for paging

	Modulation and coding scheme 
	5
	<5
	Subset of the MCS table for paging

	New data indicator
	1
	0
	Not needed for paging

	Redundancy version
	2
	0
	Not needed for paging

	HARQ process number 
	3 or 4
	0
	Not needed for paging

	TPC command for PUCCH 
	2
	0
	Not needed for paging

	ARI (ACK/NAK Resource Index)
	2
	0
	Not needed for paging

	HARQ timing indicator
	3
	0
	Not needed for paging



Comment: The DCI contents for Paging DCI and the design of Compact DCI are being discussed in the Control channel session (agenda item 7.3.1.4). 

Summary:
· Proposal 3: Paging DCI carrying the short message (e.g., ETWS/CMAS and SI-update information) can have the cell specific PF/PO for reception by all connected UEs.(MTK)
Comment: These relate to the PF/PO designs and it has been agreed that RAN2 will first finalize the short messages to be carried.   

· Proposal 1: NR uses using the DCI format identifier bit of format 1_0 to indicate whether the short message only or scheduling information only is carried in the paging DCI. (QC)
Comment: This has already been agreed in the RAN1 AH1801 meeting.   

· Observation 3: The following contents such as HARQ-related and information related with power control in NR DCI format 1_0 look unnecessary for transmission of scheduling information: (LGE) 
· New data indicator, Redundancy version, HARQ process number, PDSCH-to-HARQ_feedback timing indicator, Downlink assignment index, PUCCH resource indicator
· TPC command for scheduled PUCCH

For scheduling of paging message, only information related with time/frequency /decoding should be necessary.
· Proposal 1: (LGE)
· NR should allow the simultaneous indication of resource allocation and SI change notification in Paging DCI. 
· In addition to bit field for resource allocation, additional one or more bit(s) is/are assigned for SI change notification.
· Alt 1: Introduce SI message indicator with 1bit in addition to resource allocation bit field
· Alt 2: Introduce SI message indicator and high priority SI (e.g. ETWS, CMAS) indicator with 1+Y bits in addition to resource allocation bit field
      If the DCI Format Z CRC is scrambled by P-RNTI:
· Flag for paging/direct indication differentiation – 1 bit, with value 0 for direct indication and value 1 for paging
- DCI Format Z CRC is scrambled by P-RNTI and Flag=0
· Direct Indication information – X bits
· Reserved information bits are added until the size is equal to that of format 1_0 with Flag=1
- DCI Format Z CRC is scrambled by P-RNTI and Flag=1
· System information Modification flag – one or more bit(s)
· VRB-to-PRB mapping – 1 bit ( localized or distributed)
· Frequency domain resource assignment  [image: ] bits 
· Time domain resource assignment – X bits 
· Modulation and coding scheme – 5bits
· Identifier for DCI formats -1 bit, New data indicator – 1 bit,  Redundancy version – [2] bits, HARQ process number – [4] bits, PDSCH-to-HARQ_feedback timing indicator – [3] bits, Downlink assignment index – 2 bits, PUCCH resource indicator – [2] bits, TPC command for scheduled PUCCH – [2] bits set to ‘zero’

Comment: RAN1 already discussed and concluded in the previous meeting that a single bit is used to indicate whether the short message only or scheduling information only is carried in the Paging DCI. The proposal as described above was discussed and excluded. 


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:
· Support of alternative paging mechanism (E, IDC, DCM, LGE, ZTE)
· Proposal 1: Future extension signaling should be supported, at least indicating whether the received paging message is Rel-15 compatible. (E)
· Proposal 2: Consider providing additional indication for a future-release UE to receive paging transmissions in non-QCL configuration assumed in Rel-15 (E).
· Proposal 3: Ensure that core NW (RAN2-3) performs proper aggregation of UEs for paging, based on the NR release they support.(E)
· Proposal 2: NR supports the use of different P-RNTI to indicate presence or absence of enhanced paging mechanisms for future compatibility.(QC)
· Proposal 1: Indication of the dfferent modes of paging can be considered.(IDCC)
· Proposal 2: Additional bit(s) to indicate and enable future release or features for paging are supported.(IDCC)
·  Proposal 3: The information of paging group indicator should be carried in paging DCI and additional bits are also required to differentiate Rel. of UEs.(LGE)
· Proposal 1: Paging DCI for Option 1 in Rel-15 includes a paging mechanism indication bit for future possible enhancement of paging mechanism. (DCM)
· Proposal 2: Paging DCI including the mechanism indication bit ‘0’ is treated as valid DCI and paging DCI including the mechanism indication bit ‘1’ is discarded by Rel-15 UE. (DCM)
· Proposal 1: The method via 1-bit explicit indication in format 1_0 should be defined to be compatible for other possible enhanced paging mechanism in Rel-15. (ZTE)
· No support of alternative paging; indicator (MTK)
· Proposal 1: No support of 1-bit indication for alternative paging mechanism. (MTK)

Proposal:
· NR supports a 1-bit indication for Paging DCI to indicate future enhanced paging mechanism.
· When set to ‘0’, the Paging DCI is treated as valid DCI. 
· When set to ‘1’, the Paging DCI is discarded by Rel-15 UE. Note that the meaning of all other bits in the DCI may be redefined according to the future paging mechanism.

TBS of Paging Message
Background: 
	Conclusion:
·       Regarding the max payload size for OSI/RMSI/paging, RAN1 expects RAN2 to finalize the necessary information fields in OSI/RMSI/paging
o   RAN1 may discuss the max payload size once the set of information fields in OSI/RMSI/paging become mature
o   Note: there should a limit on the max payload size for each of OSI/RMSI/paging (e.g., in LTE, the max # of payload size is about 2000 bits)



Summary:
· It is proposed that while RAN2 considers the payload contents, RAN1 provides input from the perspective of UE processing capability in idle mode. 
Proposal:
· Maximum TBS for PDSCH containing paging message is limited to [3000] bits.


Modulation for Paging
Summary:
· Proposal: PDSCH containing paging message only uses QPSK for modulation.

Proposal: 
·  PDSCH containing paging message only uses QPSK for modulation.


Paging CORESET
Background:
· It has been agreed that the RMSI PDCCH defines the initial DL BWP and that and PDSCH delivering the RMSI is contained within the initial DL BWP part (RAN1#90bis). The combined SS/PBCH block + RMSI CORESET bandwidth in multiplexing patterns 2 and 3 is within minimum UE bandwidth.

	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.
Agreements (RAN1 AH1801):
For Type0A-PDCCH common search space or for Type-2 PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace. A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace. 

Unless configured by higher layer, the association between monitoring occasions for Type0A-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13.  

Unless configured by higher layer, the association between monitoring occasions for Type2-PDCCH common search space and the SS/PBCH block index is the same as the association of monitoring occasions for Type0-PDCCH common search space as described in Subclause 13.  




Summary (Nokia):
· Proposal 1: For SS/PBCH block and RMSI multiplexing patterns 2 and 3, support transmission bandwidth for PDSCH for paging and OSI which equals to RMSI CORESET + SS/PBCH block bandwidth. 
· Proposal 2: For the extended bandwidth, the PRB indexing for PDSCH allocation for paging (and OSI) starts from the lowest PRB of the RMSI CORESET if the CORESET is lower in frequency than the SS/PBCH block and from the lowest PRB corresponding the of the SS/PBCH block after ssb-subcarrierOffset has been accounted if the SS/PBCH block is lower in frequency than the RMSI CORESET.
· Observation: One-bit information about selection of bandwidth for PDSCH for paging and OSI can be in RMSI or in NR-PBCH. 

Comment: As agreed and described in TS38.213, the control resource set or Paging is the same as the control resource set for RMSI. The question is whether this is an essential correction and NR needs to support a new BWP for Paging?

· Proposal 3: If larger paging DL BWP is supported, then in CSS(s) in CORESET 0, use paging DL BWP for DCI size determination and RB numbering for DCI format 0-0 and 1-0.
Comment: If above proposals are agreed, then the DCI size and RB numbering required should be discussed in the Control channel session. 


Summary (Motorola):
· Proposal 1: RAN1 should discuss how to define paging search space and OSI search space.
· Observation 1: Search space defined for SSB and RMSI CORESET multiplexing pattern 1 can be easily modified to define search spaces for multiplexing patterns 2 and 3.
· Proposal 2: Consider extending search space definition used for SSB and RMSI CORESET multiplexing pattern 1 to define paging search spaces.
Comment: As discussed and concluded in RAN1 AH1801meeting, RAN2 should proceed with Paging configuration. RAN1 can continue based on the progress and design made in RAN2.  

Summary (Spreadtrum): 
· Proposal 1: RAN1 kindly provides a guidance to RAN2 from physical layer perspective on some aspects, e.g. 
· how many SS/PBCH blocks associated to a paging PDCCH monitoring window, and 
· time offset between a paging PDCCH monitoring window and the associated SS/PBCH block.
· Proposal 2: Support multiple FDMed POs in Rel-15 NR.
· Proposal 3: Support UE finer grouping according to UE ID in multiple FDMed POs in Rel-15 NR.
· Proposal 4: Multiple POs can be FDMed in different initial active DL BWPs in Rel-15 NR, and falling back to non-multiple FDMed POs case (only on initial active DL BWP in a carrier) should be supported in Rel-15 NR.

Comment: As discussed and concluded in RAN1 AH1801meeting, the above aspects on SS/PBCH blocks association, FDM of POs, UE grouping etc. would be decided by RAN2.   

Summary (ZTE): 
· Proposal 2: For the association between actual transmitted SSB and the monitoring window of PDCCH containing the paging DCI and the broadcast OSI DCI, it should also be discussed in RAN1, like RMSI association. The mechanism for RMSI association should be reused as much as possible.
· Proposal 3: For the association between actual transmitted SSB and the monitoring window of PDCCH containing the paging DCI and the broadcast OSI DCI, the same formula for deducing RMSI monitoring window could be used to deduce paging and OSI monitoring window.
· 

The UE determines an index of the first slot  as ,
-   i = j+offset, “i” is actual transmitted SSB logical index,
-   “j” is set element in the set that actual transmitted SSB indexes are one-to-one mapped into successive values starting from “0” in ascending order, set size is equal to the number of actual transmitted SSB,
-   “offset” is equal to the first actual transmitted SSB index value.
Comment: As discussed and concluded in RAN1 AH1801meeting, the above aspects on Paging Occasion or monitoring window will first be designed in RAN2.   


NR Paging Occasion
Summary:
· Proposal 3: NR supports signalling of one or more paging occasion configurations in frequency domain in OSI. (DCM)
· Proposal 4: UE selects its own paging occasion configuration from the multiple paging occasion configurations based on UE-ID. (DCM)
· Proposal: NR supports one or more paging occasion configurations. Each paging occasion configuration includes time and frequency information.(OPPO)
· Proposal 4: There is currently no need to discuss multiple FDMed POs in RAN1, as it should be treated in RAN2/3 firstly. (ZTE)

Comment: It was discussed in RAN1 AH1801 meeting that the design of PO, including TDM/FDM aspects, would be discussed and decided in RAN2.

Others  
[bookmark: _GoBack]Background: This is for the support of paging operations when multiple SS blocks can be transmitted within the bandwidth of a wideband carrier. Idle and inactive mode UEs may only camp on the frequency sub-band associated to one of the SS block transmissions, and monitors the CORESET confined within that frequency sub-band. 

Summary (ViVo):
· Proposal: 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. 

Comment: UE can and only need to monitor paging in an initial active DL bandwidth part of an associated cell-defining SSB. The network can decide how many cell-defining SSBs to transmit within a wideband carrier, depending on expected user capacity. If multiple SSBs are cell-defining SSBs, defining a paging bandwidth part separately is not necessary.

Summary (E):
· 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. 
Proposal:
· [bookmark: _Toc506500594]Ensure that core NW (RAN2-3) performs proper aggregation of UEs for paging, based on the NR release they support.
Comment: Is this dependent on the support of Group based paging? If indication of future paging mechanisms is agreed, RAN1 can feedback the agreements to RAN2 and RAN3 for them to take into considerations.


Summary (E):
· A possible further extension is that a flag in the paging DCI informs a UE about paging delivered via PDCCH and/or PDSCH with other QCL assumptions. For example, it may be aligned with other sync or RS that is not the default SSB that a Rel-16 UE is prepared to handle as a sync source, while the Rel-15 UE is not.
Proposal: 
· [bookmark: _Toc506500593]Consider providing additional indication for a future-release UE to receive paging transmissions in non-QCL configuration assumed in Rel-15.

Summary (MTK):
· The proposal is to reduce the UE complexity for implementation and avoid the unnecessary requirement for UE processing capability, especially in case of simultaneous reception of multiple PDSCHs.

Proposal: 
· PDSCH scrambled by P-RNTI is not required for reception by the connected UE. 

Comment: Has RAN2 already agreed that: “UEs in connected mode monitor paging in the common search space in the active DL BWP. This is based on the assumption that common search space is provided in every DL BWP” ?
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