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This document provides a summary of the corrections and proposals in AI 7.1.1.1 related to Paging.  Please note of the following:
· The BLUE highlights are issues that contain suggested conclusion/proposal.
· The YELLOW highlights are issues that require further discussion during the meeting week as well as comments from the feature lead.

RAN2 Agreements on Paging PO and MO [1]
Default Common Search Space
At the RAN2#103 meeting, RAN2 discussed about the CSS configurations and decided to remove the default monitoring occasions for the case that the search space configuration is absent for a configured BWP.
	pagingSearchSpace
ID of the Search space for paging. Corresponds to L1 parameter 'paging-SearchSpace' (see 38.213, section 10). If the field is absent, the UE does not receive paging in this BWP(see 38.213, section 10).



 Proposal (DCM):
· Following text proposal is applied to Section 10.1 in TS38.213.
	10.1	UE procedure for determining physical downlink control channel assignment 
~
If a UE is not provided higher layer parameter searchSpace-SIB1 for Type0-PDCCH common search space set for a configured BWP, the UE does not monitor the PDCCH candidate for a Type0-PDCCH common search space on the BWPdetermines a control resource set and PDCCH monitoring occasions for Type0-PDCCH common search space set as described in Subclause 13.
~
If the UE is not provided higher layer parameter searchSpaceOtherSystemInformation for Type0A-PDCCH common search space set for a configured BWP, the UE does not monitor the PDCCH candidate for a Type0A-PDCCH common search space on the BWPthe Type0A-PDCCH common search space set is same as the Type0-PDCCH common search space set.
~
If a UE is not provided higher layer parameter pagingSearchSpace for Type2-PDCCH common search space set for a configured BWP, the UE does not monitor the PDCCH candidate for a Type2-PDCCH common search space on the BWPthe Type2-PDCCH common search space set is same as the Type0-PDCCH common search space set.
~



Conclusion: Resolved in the Search space session.  
In addition to the above agreement, in [4], it is noted that in the previous RAN1 meeting, an LS (R1-1809810) was agreed in which RAN1 clarified that, UE does not necessarily need to monitor an SS/PBCH block associated to the additional CORESET/search space to receive paging/SI broadcast. The UE can be configured with TCI states for the additional CORESET/search space to enable the reception of paging/SI broadcast. 
If pagingSearchSpace and searchSpaceOtherSystemInformation are linked to a CORESET, for which TCI states can be configured, UE should determine the paging and OSI PDCCH monitoring occasion only according to the configured search space.
UE can be informed which CORESET to use, i.e. controlResourceSetZero (CORESET ID=0) or commonControlResourceSet (CORESET ID≠0) by selecting (via SearchSpaceID) and configuring CORESET ID in the SearchSpace correspondingly.
	searchSpaceId
Identity of the search space. SearchSpaceId = 0 identifies the searchSpaceZero configured via PBCH (MIB) or ServingCellConfigCommon and may hence not be used in the SearchSpace IE. The searchSpaceId is unique among the BWPs of a Serving Cell.



Proposal (VIVO):
Further clarification is needed that
· If paging and OSI are scheduled within initial DL BWP, the SSB and paging/OSI monitoring occasion mapping rule for non-default association is applicable;
· If pagingSearchSpace and searchSpaceOtherSystemInformation are linked to a CORESET for which TCI-states can be configured, UE should determine the paging and OSI PDCCH monitoring occasion only according to the configured search space.

Proposal (Nokia):
· When the search space ID configured by pagingSearchSpace is equal to 0, UE assumes that default association is applied as defined Section 13 of 38.213. If the search space ID configured by pagingSearchSpace is not equal to 0, UE applies the non-default association. 

Proposed Agreement:
· When the search space ID configured by pagingSearchSpace is equal to 0, UE assumes that default association is applied as defined Section 13 of 38.213. If the search space ID configured by pagingSearchSpace is not equal to 0, UE applies the non-default association. 

· For IDLE/INACTIVE state; when the search space ID configured by pagingSearchSpace is equal to 0, UE assumes that default association is applied as defined Section 13 of 38.213. Otherwise, the UE applies the non-default association. 


Valid Paging Monitoring Occasions
Continuing from previous RAN1 meeting, within the UE PO for the non-default association, there were proposals on considering the valid PDCCH monitoring occasion associated to which SSB index to limit the UE monitoring time. 
The following are proposed in this meeting:

Proposal (QC):
· Network uses the explicitly configured location of the 1st paging PDCCH monitoring occasion of the PO, along with different parameters of configured paging search space, e.g., monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot, to define the non-default association between SSBs and paging PDCCH monitoring occasions.
· No additional RRC parameter needs to be introduced.
· Rel-15 supports the following for non-default association between SSBs and paging PDCCH monitoring occasions:
· Network ensures that the location of the 1st paging PDCCH monitoring occasion, if explicitly configured, matches with a valid PDCCH monitoring occasion defined by paging search space.
· Starting from the 1st paging PDCCH monitoring occasion, N valid consecutive PDCCH monitoring occasions are defined based on monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot parameters of paging search space IE; where N is the number of actually transmitted SSBs.
· SSB indices are consecutively mapped to the N valid paging PDCCH monitoring occasions 
· Each SSB index is mapped to only one valid paging PDCCH monitoring occasion within one PO.
· If there are multiple paging PDCCH monitoring occasions within a slot, different SSBs get mapped to different paging PDCCH monitoring occasions within the slot.
Proposal (Nokia):
· For PDCCH monitoring in PO, UE can assume that the nth valid PDCCH monitoring occasion from the start of the PO in ascending order in time is QCL’d with nth actually transmitted SSB.

Proposal (HW):
· On the UE determination of the valid PDCCH monitoring occasion associated to the SSB index to limit the UE monitoring time, it can be left up to UE implementation.

Comment: The above seems to be in line with existing RAN2 agreements.
Conclusion: No further RAN1 specifications clarification needed.


Paging Monitoring Occasions Collision
There are numerous proposals that seek to clarify RAN2 agreements paging PDCCH monitoring occasion should avoid UL slots/symbols by including the flexible symbols in addition to DL symbols/slot where the paging can occur. 

 Proposal (MTK):
· Proposal 2: the MOs within one PO is defined as the valid search spaces by excluding 
· The configured search spaces with collision to UL slots/symbols indicated in RMSI 
Proposal (ZTE):
· Observation 1: The useful paging/ PDCCH monitoring occasions should be determined by the configuration of semi-static common frame structure. 
· Proposal 2: Defining a useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols configured by higher-layer parameter ‘tdd-UL-DL-ConfigCommon’ or ‘tdd-UL-DL-ConfigCommon2’.

Proposal (OPPO):
· Proposal 2: The paging PDCCH monitoring occasions not overlapped with UL, SS/PBCH block and RMSI CORESET symbols are used as the available paging PDCCH monitoring occasions to form POs in the PF.
Proposals (MTK):
· The MOs within one PO is defined as the valid search spaces by excluding 
· 5ms SSB transmission window
· RMSI transmission window 
Proposal (Nokia):
· Observation: With TD-LTE configuration 1 and special sub-frame configuration 6 or 7 with frame alignment assumed between TD-LTE and NR, PDCCH monitoring occasions can fall to flexible slots. With TD-LTE configuration 2, if PO are aligned with DL slots, PDCCH monitoring occasions fall to DL-only slots.
· Observation: When frame offset is applied between TD-LTE and NR, some valid PDCCH monitoring occasions can fall to flexible slots with both considered TD-LTE configurations and all sub-frame configurations.
· Observation: When valid PDCCH monitoring occasion falls to flexible slot, available system bandwidth and number of symbols determine if it can be used for paging delivery.
· Observation: Restricting paging to DL-only slots for non-default association, would result long paging sweeps (in time) or require long sequence of DL-only slots.

· Proposal: 

· [bookmark: _GoBack]Allow paging to occur on DL-only and flexible slots, and determine the validity of paging PDCCH monitoring occasions based on the number of DL and flexible symbols in the slot.
· Inform RAN2 that in case of non-default association, selecting the paging PDCCH monitoring occasions purely based on the condition of overlapping with UL symbols, may result selecting such a PDCCH occasions in a slots where paging message (PDSCH) cannot be delivered. 

Proposal (LGE):
· Observation 5: Since NR supports 2 concatenated DL-unknown-UL periodicity, each odd/ even frame may have a different slot/symbol pattern. As a result, configuring each PDCCH’s locations with one common parameter (first_PDCCH-MonitoringOccasionOfPO) can be impossible.
· It seems that adopting additional one parameter (second_PDCCH-MonitoringOccasionOfPO) to represent even / odd frames separately is the simplest way to solve problem.

Proposed Agreement:
· Useful paging PDCCH monitoring occasion as a monitoring occasion doesn’t conflict with UL slots/symbols configured by higher-layer parameter ‘tdd-UL-DL-ConfigCommon’ or ‘tdd-UL-DL-ConfigCommon2’ 
· i.e. they can occur in DL only and flexible symbols.

Comment: Generally, above proposals seem to address the same issues.  Perhaps we can further agree to include flexible symbols in addition to DL symbols where Paging MO can occur. 
· Check offline for the above whether it is restricted w.r.t. configuration or w.r.t. operation (meaning such confliciting configuration is still allowed, but UE will handle it appropriately)

Conclusion: To be treated in the OSI agenda item since similar issues were raised there.


Number of POs per PF (Ns) 
Two contributions discussed the applicability of the configured Ns values for both default and non-default association.
RAN2 agreed on the following:
	For default association, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.
However, when RMSI periodicity is 5ms, both the first half radio frame and second half radio frame contains the RMSI monitor occasions.

Proposal (HW):
· It is RAN1 understanding that the configuration of RMSI periodicity of 5ms and Ns=1 is an incomplete configuration i.e. only first half frame PO is supported. RAN2 should consider the case of supporting a PO that can be in the first or the second half radio frame of the PF.  

In Sharp contribution, an issues was raised that for default association, Ns = 2 is only possible for SS/PBCH block and CORESET multiplexing pattern 2/3 and SSB periodicity of 5 ms, and in all other cases, Ns has to be configured with a value of 1. It is possible that default association and non-default association are BOTH used in a cell, e.g. if a UE in RRC_CONNECTED state is configured with a “non-overlapping active DL BWP” (i.e. an active DL BWP that overlaps with neither the initial DL BWP nor with the SS/PBCH block associated to the initial DL BWP, see [4]), it has to be configured with a paging search space

Sharp:
Observation 1. For default association, the number of POs for a PF (Ns) is mostly determined by SS/PBCH block and CORESET multiplexing pattern and SSB periodicity. In other words, the corresponding RRC parameter is almost not “configurable”.
Observation 2. It is possible that default association and non-default association are both used in a cell, in which case the lack of configurability of Ns applies for both default association and non-default association.
Proposal: Send an LS to inform RAN2 about the above observations

Proposed Agreement: 
· RAN1 has the following observations on the usage of Ns:
· The lack of configurability of Ns in the case of simultaneous support of default and non-default association in a cell. For example, in default association, Ns = 2 is only possible for SS/PBCH block and CORESET multiplexing pattern 2/3 and SSB periodicity of 5 ms, and in all other cases, Ns has to be configured with a value of 1.
· RAN2 should consider the case of supporting a PO that can be in the first or the second half radio frame of the PF for the case of RMSI periodicity of 5ms and Ns=1.

Comments: This should be considered by RAN2. It is not essential corrections and thus it is proposed that no further actions needed in RAN1.


Overlapping Paging Occasions  
Two contributions raised the issues of overlapping POs:
· In [6], it was noted that there exists the case that the start point of a PO is located in the first PF but the end point of the PO is located in the second PF. This PO may be partially overlapped with the PO in the second PF 

· The PDCCH monitoring occasions for paging occasions (POs) for the non-default case in NR is based on the pagingSearchSpace. In addition, RAN2 agreed parameter firstPDCCH-MonitoringOccasionOfPO can be configured independently allowing firstPDCCH-MonitoringOccasionOfPO to be signaled for each PO independently corresponding to a PF. Consequently, two or more POs can be configured to start on the same monitoring occasion with the Paging SearchSpace. Therefore, different UEs can be paged with the same MO [13]. 

Proposal (OPPO):
· Proposal 1: gNB informs UE the associated PF/PO of the paging PDCCH detected in the paging PDCCH monitoring occasions. 
Proposal (HW):
· Further discussion in the Search space agenda on the support of multiple paging occasions with the same paging search space.  

Conclusion: RAN1 to reconsider this pending RAN2 further guidance and/or decision on this.


Paging Monitoring Occasion Slot Indices
In [12], the RAN2 agreement related to computing of the paging PDCCH monitoring slots is discussed. Specifically, if a radio frame is not evenly divisible by the monitoring slot periodicity (as configured by the monitoringSlotPeriodicityAndOffset parameter in the pagingSearchSpace) and the slot monitoring periodicity is not a multiple of radio frame length, the monitoring slot period will glide in relation to frame boundaries, potentially resulting in different numbers of monitoring slots and POs in different PFs i.e. inconsistent temporal locations of paging occasions within paging frames.  
[bookmark: _Toc525924430][bookmark: _Toc525924450]Proposal (E):
· For computing paging PDCCH monitoring slot indices, the relative position from the start of the paging frame is used. Agree included text proposal [12].

<<<<< Start TP 38.213, section 10.1 >>>>>>







A UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. For search space set  in control resource set , if the search space set is not a Type2-PDCCH common search space, the UE determines that a PDCCH monitoring occasion(s) exists in a slot with number  [4, TS 38.211] in a frame with number  if . If the search space set is a Type2-PDCCH common search space set, the UE determines that a PDCCH monitoring occasion(s) exists in a slot with number   in a frame with number  if , where  is the frame number of the paging frame (PF) [14, TS 38.304]for which the calculation is applied.








If the UE is provided higher layer parameter duration, the UE monitors PDCCH for search space set  in control resource set  for  consecutive slots, starting from slot , and does not monitor PDCCH for search space set  in control resource set  for the next  consecutive slots.  
<<<<< End TP 38.213, section 10.1 >>>>>>

Comment: Current RAN2 design, the POs associated with a PF do not have to be fully contained within that PF. This proposal is to restart the paging search space pattern each PF.  There are ongoing RAN2 considerations on other options e.g. LGE’s proposal in RAN2 of setting periodicity of paging-SearchSpace either a multiple of frame duration or a divisor of a radio frame.

Conclusion: RAN1 to reconsider this pending RAN2 further guidance and/or decision on this.
Single Slot Paging Monitoring Occasion
To reduce UE power consumption, it is proposed that only 1-slot MO for paging can be configured through the pagingSearchSpace.
Proposal (MTK):
·  NR only supports 1 slot for paging MO monitoring window in the non-default association case. 

Comment: It is clarified that the intention from MTK is to prevent 2 slot paging MO for non-default association. While 2-slot MO is applicable for the default case, for the non-default case, the SSB to MO is one-to-one on a per slot basis. So, the proposal is not applicable. We can withdraw the proposal. MTK can confirm.
Conclusion: No further agreement needed.


Paging Monitoring Occasion for CSS in Connected mode 
In [10], the following proposals are made related to association rule between SSB and PDCCH monitoring occasion defined within PO is applicable for CONNECTED mode. 
Proposal (DCM):
· For both non-initial DL BWP and initial DL BWP, UE behaviour on PDCCH monitoring for common search space is as below.
· If the common search space uses configuration other than SS#0, UE is expected to monitor all PDCCH monitoring occasions according to search space configuration.
· If the common search space uses configuration of SS#0, UE is expected to monitor only specific PDCCH monitoring occasions associated with current QCL source i.e., selected SSB.

Conclusion: Resolved in the Search space session.  


Paging PDSCH Resource Allocation
Continuing from previous meeting, resources allocation for paging PDSCH (in non-default association) have been raised, first to account for UL symbols (or number of available DL symbols) in the slot only to determine PDCCH occasions do not guarantee that PDSCH could be allocated as well, and UE power consideration with separate beam sweeping of paging PDCCH and paging PDSCH.
In this meeting, [11] proposes to determine the minimum number for the total of DL and flexible symbols in the slot, i.e. how many symbols would be needed for paging PDCCH and PDSCH. Two other companies have expressed different views on this.

Proposal (Nokia):
· Observation: Best approach to provide the PDSCH allocation assumption for PDCCH monitoring occasion selection, would be to broadcast the number of possible DL symbols (DL and flexible), but this would require RRC changes.
· Observation: CORESET configuration could be used to determine the minimum PDSCH TD allocation to determine the validity of PDCCH monitoring occasion.
· Observation: The minimum PDSCH TD allocation to determine the validity of PDCCH monitoring occasion could be fixed in specification. 
· Proposal:
· Indicate to RAN2 that RAN1 has identified that it would be preferable to account the required symbols for delivering the paging message when selecting paging PDCCH monitoring occasions, so that if the available symbols for DL transmission (DL and flexible) in a given slot exceed the number of symbols required for delivering the paging (scheduling and message), the PDCCH monitoring occasion would be valid.
· Inform to RAN2 that RAN1 considered different mechanism to provide the number of symbols to be assumed for PDSCH delivering the paging time allocation to be used in PDCCH monitoring occasion selection, and that to avoid RRC changes RAN1 considers that fixed value could be used. Value of 7 symbols is proposed.

Proposal (Mot):
· Observation: Available DL resources for a paging PDSCH in a given slot may change dynamically, depending on scheduling information of other PDSCHs and/or PUSCHs which may not be known to the UE.
· Proposal 1: Validity of paging PDCCH monitoring occasion of a slot should not be dependent on the available DL symbols in the slot for a paging PDSCH. 
Proposal (QC):
· Proposal 6: In Rel-15, availability of paging PDSCH resource does not impact the validity of paging PDCCH monitoring occasions.

Conclusions: This proposal is withdrawn by Nokia. 


Cross-Slots Paging PDSCH
Proposal (Mot):
·  Support scheduling of a paging PDSCH with one or multiple subframe delay with respect to a paging PDCCH.
Proposal (HW):
·  Cross slots scheduling of the Paging message is not necessary. 

Conclusion: This can be left to network implementation and there is no impact to RAN1 specifications since cross-slot scheduling is already supported. Note that in the UE feature list discussion, it was agreed that cross-slot scheduling with slot offset Ko > 1 is not mandatory. 


Others 
In this section, some remaining proposals are summarized where further discussion and clarifications are required for better understanding of the actions needed.

Proposal (ZTE): 
· Proposal 1: In case of non-default association, association between actual transmitted SSB and useful PDCCH monitoring occasion can be considered jointly for both paging and OSI acquisition. 
· Proposal 3: NR should support one group of useful PDCCH monitoring occasions is associated to one SSB. The following parameters can be configured through SIB1 or specified in the specification. 
· N: Number of useful PDCCH monitoring occasion in one group;
· M: The time offset in unit of number of useful PDCCH monitoring occasions between two adjacent useful PDCCH monitoring occasion groups.
Proposal (LGE):
· Observation 3: If the latest agreement discussed in RAN2 is applied, the beam direction for each PO located before next RMSI may conflict with the beam direction for next promised SS/PBCH block transmission.
· Observation 4: The network should consider beam direction between SS/PBCH block and PDCCH monitoring for paging before transmission of information related to paging.
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