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1	Introduction
In this contribution we discuss on some of the aspects related to the broadcast channels, mainly focusing on the OSI and paging delivery. This contribution is an update of R1-1813616, changes in Section 2.
2	On search space for OSI and paging
RAN1 sent LS to RAN2 in RAN1 meeting #94 [1], asking some question for clarification for the paging monitoring. RAN2 provided response in [2]. RAN2 has further more agreed (in principle) additional changes to the 38.304 [3][4][5] and as well to the 38.331 [6].
In RAN1#94bis, under Scheduling and HARQ, following agreement was made. The intention and the related discussion for the CONNECTED mode related agreement was that UE could be provided with a BWP that does not cover the initial BWP (CORESET#0), and could still be defined broadcast to receive broadcast in CONNECTED mode.
	Agreements:
· Note: Previously it was agreed that for IDLE/INACTIVE state, if Type-0/0A/2-CSS is SS#0, the UE monitors the common search space on the PDCCH monitoring occasions determined based on the association between an SSB index and PDCCH monitoring occasions according to Section 13 of TS38.213 (which is called default association).
· Note: Previously it was agreed that IDLE/INACTIVE state, if Type-0A/2-CSS is other than SS#0, the UE monitors the common search space on the PDCCH monitoring occasions determined based on the association between an actually transmitted SSB and PDCCH monitoring occasions according to Section 7.1 of TS38.304 and Section 5 of TS38.331 (which is called non-default association).
· For CONNECTED state, if Type0/0A/2-CSS is SS#0, the UE monitors the common search space on the PDCCH monitoring occasions determined based on the association between an SSB index and PDCCH monitoring occasions according to Section 13 of TS38.213 (which is called default association). 
· To capture in 38.213
· For CONNECTED state, if Type0/0A/2-CSS is other than SS#0, 
· Regardless of whether TCI-state is configured/indicated or not, the UE monitors the common search space based on the PDCCH monitoring occasions according to the configuration of SearchSpace RRC IE.
· To capture in 38.213



Based on in yellow highlighted parts in the last bullet of above agreement, the search space ID for Type0-PDCCH CSS can be non-zero. This was captured in Section 10.1 of endorsed 38.213 [7] as follows:
	If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set based on the search space set associated with the value of searchSpaceID.   



Like noted above, the possibility to configure UE with an active BWP that is not overlapping with the initial BWP, was discussed prior and during last meeting (covering RAN1 and RAN2), and there seemed to be consensus that this needs to be supported. For such non-overlapping BWP, there needs to be support for SIB1 delivery to a UE in RRC CONNECTED.  Hence, it needs to be possible to configure Type0-PDCCH CORESET and search space ID to have non-zero value. The above quoted specification text captures this partly, but to make the specification consistent in this perspective, two sentences fixing the Type0-PDCCH CORESET and SS ID to zero would need to be removed from the specification, thus following change Section 10.1 of 38.213 would be required:
	The CORESET configured for Type0-PDCCH CSS set has CORESET index 0. The Type0-PDCCH CSS set has search space set index 0.



Another aspect related to the above agreement, and corresponding specification text, is the definition of the Type0A/2-PDCCH monitoring occasions for the UEs in RRC CONNECTED mode when the configured search space ID≠0. Based on the agreement and specification text, the UE as are to follow only the search space configuration i.e. monitor PDCCH based on periodicity and duration provided. Hence, there would not be any additional association assumed for the PDCCH monitoring occasions per/to SSB index. 

Observation: Based on the last meetings agreements, when UE is in RRC CONNECTED mode, and configured search space ID≠0, UE determines the Type0A- and Type2-PDCCH monitoring purely based on the configured search space, without any SSB association.

This above agreement for CONNECTED mode UEs would appear to apply in both cases, when the active BWP overlap with initial BWP and when it does not overlap. Therefore what would need to be clarified further is, if and how, UE accounts the paging monitoring occasion and SI-window related configuration in the PDCCH monitoring. For non-overlapping case, it could be considered that network provides the search space in ‘UE spesific’ manner, as there is no need to account the IDLE mode UEs. However, as the search space configuration in overlapping case (and when search space ID≠0) case can be common for IDLE and CONNECTED mode UEs, and common for all POs for Type2-PDCCH monitoring (given by pagingSearchSpace) and, correspondingly, common for all SI-windows (given by searchSpaceOtherSystemInformation), the resulting monitoring occasions could be rather frequent. Thus, it would seem beneficial at least for the overlapping case that UE would account the relevant configuration, e.g. SI-window and paging occassion, when determining the PDCCH occasions monitoring. Thus, it is proposed to further refine the assumptions when UE should monitor at least for the case when active BWP is overlapping with the initial BWP and when search space ID≠0. 

For Type0A-PDCCH monitoring, it could be first concluded that UE would monitor the Type0A-PDCCH only during the SI window time as defined by 38.331, and additionally that the window corresponding to a given SI message would be defined based on the order of entry in the list of SI messages configured by schedulingInfoList (as per 38.331). Thus, apart not applying the non-default association to determine the SSB specific PDCCH monitoring occasions, UE would follow the SI-window configurations. For the scenario that initial BWP is not non-overlapping with the active BWP, network would need to configure search space so that there is at least one valid PDCCH monitoring during each SI-window. 

Proposal: For Type0A-PDCCH monitoring in CONNECTED state when search space ID≠0, UE can assume the same SI-window and SI-message mapping as determined in 38.331.
 
For Type2-PDCCH monitoring similar approach could be considered to have aligned behaviour for overlapping and non-overlapping case. So based on the PF and PO configuration, and number of actually transmitted SSBs together with UE ID, UE would determine the time window corresponding the PO of interest, and monitor the PDCCH over the duration of the PO. I.e. the PO would determine the ‘paging window’ during which UE monitors for the paging.

Proposal: For Type2-PDCCH monitoring in CONNECTED state when search space ID≠0, UE will monitor over the time duration of the PO of interest.

Based on the above discussion, it is proposed that following change is introduced to Section 10.1 of 38.213:
	If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set based on the search space set associated with the value of searchSpaceID. If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided with non-zero value for searchSpaceID in PDCCH-ConfigCommon for for a Type0A-PDCCH CSS set, the UE determines the SI-window timing for monitoring PDCCH candidates of the Type0A-PDCCH CSS set as defined in [12, TS38.331]. If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided with non-zero value for searchSpaceID in PDCCH-ConfigCommon for for a Type2-PDCCH CSS set, the UE determines the paging occasion for monitoring PDCCH candidates of the Type2-PDCCH CSS set as defined in [14, TS38.304].	Comment by Aris Papasakellariou: This makes it a ‘CONNECTED’ mode UE – to avoid introducing that terminology in 38.213.	Comment by Aris Papasakellariou: The INACTIVE/IDLE state for SS_ID != 0 is captured in 38.331 and is not repeated here (for now). Can be discussed whether to also describe this case in 38.213 




[bookmark: _Hlk528761780]On a related aspect for OSI and paging,  it was discussed how to separate cases for default and non-default association. The consensus appeared to be to do this based on the SearchSpaceId configured for the paging-SearchSpace (or searchSpaceOtherSystemInformation) so that if the configured SearchSpaceId is equal to 0, default association is assumed and if  SearchSpaceId is not equal to 0, non-default association is assumed. Based on the principle agreed CRs from RAN2 [5][6], this condition is now captured in corresponding sections for Type0A-PDCCH and Type2-PDCCH CSS set. To clarify the UE monitoring behaviour, it could be considered to introduce the case when UE is provided with non-zero SearchSpaceId value for Type0A- and Type2-PDCCH CSS set and to refer to corresponding RAN2 specifications. It could be argued also that as SI acquisition mechanism and paging monitoring procedures are defined otherwise in RAN2 specification, this change is not absolutely mandatory. However, if seen beneficial, following change could be considered:
	[bookmark: _Hlk528762648]If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in Subclause 13. If a UE is not configured to monitor PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided with non-zero value for searchSpaceID in PDCCH-ConfigCommon for for a Type0A-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0A-PDCCH CSS set as defined in [12, TS38.331].  If a UE is not configured to monitor PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided with non-zero value for searchSpaceID in PDCCH-ConfigCommon for for a Type2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type2-PDCCH CSS set as defined in [14, TS38.304].       	Comment by Aris Papasakellariou: Same for IDLE/INACTIVE/CONNECTED states.


Note that reference to TS38.304 would need to added to 38.213 if above change is adopted.
3	On reserved resources related procedures
RAN1 send a reply LS to to RAN2 in meeting #94 [6] (original RAN2 LS in [7]), and following to the desire to avoid any changes to RRC specification in non-backward compatible manner, RAN1 agreed that the ssb-PositionInBurst should be consistent between different signalling IEs. 
RAN2 provided response in [8], and covering the handling of ssb-PositionInBurst and providing an option to introduce a new, separate, parameter (e.g. ssb-PositionsToRateMatchAround) to indicate the rate matching behaviour, and asking RAN1 feedback for the new parameter.
3.1 On ssb-positionsInBurst related procedures
[bookmark: _Hlk528762707]Based on the information provided by RAN2 LS reply [8], the handling of ssb-PositionInBurst remains consistent with what was agreed by RAN1 and determined in specification. Thus in this respect no further action seems to be needed from RAN1 towards RAN2 in this respect. However, as RAN1 (and RAN2) have agreed that UE can expect the ssb-PositionsInBurst content is same whether it is provided by in ServingCellConfigCommon or SystemInformationBlockType1 (as indicated in 38.14 in Section 5.1.4) minor change would be required for 38.213 for consistency purposes. I.e. Section 10 of 38.213  states as follows [7]:
	[bookmark: _Hlk528760957]For monitoring of a PDCCH candidate in a slot
[bookmark: _Hlk493885951]-	If the UE has received ssb-PositionsInBurst in SystemInformationBlockType1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH common search spaceCSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SystemInformationBlockType1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH common search spaceCSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.




It would seem preferable to align these sentences to reflect the RAN1 and RAN2 understanding of the ssb-PositionInBurst and, hence, following change is proposed to be introduced:
	[bookmark: _Hlk528762751]For monitoring of a PDCCH candidate in a slot
-	If the UE has received ssb-PositionsInBurst in SystemInformationBlockType1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SystemInformationBlockType1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.





3.2 On additional parameter proposed by RAN2
For the additional parameter, as originally considered by RAN1, if new parameter (e.g. ‘ssb-PositionsToRate
MatchAround’) would be introduced, it would be possible to configure the UE with different SSB related rate matching behaviour for dedicated PDSCH (in addition to the configured or indicated resources, as per Sections 5.1.4.1 and 5.1.4.2 of 38.214). I.e. if UE is provided with ‘ssb-PositionsToRateMatchAround’ and when receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH with SPS, UE assumes the SSB transmission according to ‘ssb-PositionsToRateMatchAround’ for determining the noon-available resources. Of course, if this parameter is not provided, UE should follow the information provided by ssb-PositionInBurst.
Observation: RAN2 proposed new parameter could be used to determine the rate matching behaviour for dedicated PDSCH. If not provided, SSB related rate matching for dedicated PDSCH, should follow information provided by ssb-PositionInBurst.
Furthermore, as also originally considered in RAN1, this new parameter (if provided to the UE) should not affect the rate matching behaviour of broadcast PDSCH (e.g. paging, OSI), but only applied to dedicated PDSCH rate matching. I.e. as defined currently in 38.214, if the PDCCH scheduling the PDSCH is scrambled by SI-RNTI (with system information indication in DCI set to 1), RA-RNTI, PR-RNTI or TC-RNTI use assumes the SSB transmission according to ssb-PositionInBurst. 
Observation: If RAN2 proposed new parameter is provided, it should not affect the rate matching behaviour for ‘broadcast’ PDSCH.
Following the afore discussion, it is proposed that RAN1 would send a LS to RAN2 providing feedback regarding the proposed parameter introduction and clarifying the RAN1 understanding of intended the purpose. Draft LS can be found in [10]. 
On additional aspect that could be considered, is whether there is a need for a separate UE capability to support to dedicated PDSCH rate matching based on afore discussed parameter or whether these could be bundled under single capability covering other rate matching related configurations (e.g. in Sections 5.1.4.1 and 5.1.4.2). This is probably something that RAN2 can consider but if RAN1 has strong view, additional information could be provided to RAN2 in LS.
If RAN2 introduces the parameter, a change would be required to 38.214 in Section 5.1.4 to account this parameter and corresponding behaviour. In the case (RAN2 introduces the parameter), following change is proposed to be considered:
	When receiving PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or PDSCH with SPS, the REs corresponding to the  configured or dynamically indicated resources in Subclauses 5.1.4.1, 5.1.4.2 are not available for PDSCH. Furthermore, the UE assumes SS/PBCH block transmission according to ssb-PositionsInBurst if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources, the UE shall assume that the PRBs containing SS/PBCH block transmission resources are not available for PDSCH in the OFDM symbols where SS/PBCH block is transmitted.. If UE is provided with [ssb-PositionsToRateMatchAround], UE determines the resources corresponding to a SS/PBCH block index provided by [ssb-PositionsToRateMatchAround] not be available for PDSCH. If UE is not provided with [ssb-PositionsToRateMatchAround], UE determines the resources corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst not be available for PDSCH.  A UE is not expected to handle the case where PDSCH DM-RS REs are overlapping, even partially, with any RE(s) not available for PDSCH.



4	Conclusion
In this paper we discussed some aspect on the DL channels. 
In Section 2 we covered some issues related to OSI and paging delivery based on the agreements made in RAN1#94bis in the scheduling and HARQ session, and made different proposals and changes to Section 10.1 of 38.213.
To account the last meeting agreement and make the text in Section 10.1 consistent, remove following text from 38.213 as follows:-
	The CORESET configured for Type0-PDCCH CSS set has CORESET index 0. The Type0-PDCCH CSS set has search space set index 0.



To clarify the Type0A- and Type2-PDCCH monitoring occasions in RRC CONNECTED mode when the configured search space ID≠0 it is observed and proposed as follows:-
Observation: Based on the last meetings agreements, when UE is in RRC CONNECTED mode, and configured search space ID≠0, UE determines the Type0A- and Type2-PDCCH monitoring purely based on the configured search space, without any SSB association.

Proposal: For Type0A-PDCCH monitoring in CONNECTED when search space ID≠0, UE can assume the same SI-window and SI-message mapping as determined in 38.331.

Proposal: For Type2-PDCCH monitoring in CONNECTED state when search space ID≠0, UE will monitor over the time duration of the PO of interest.

	If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set based on the search space set associated with the value of searchSpaceID. If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided with non-zero value for searchSpaceID in PDCCH-ConfigCommon for for a Type0A-PDCCH CSS set, the UE determines the SI-window timing for monitoring PDCCH candidates of the Type0A-PDCCH CSS set as defined in [12, TS38.331]. If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided with non-zero value for searchSpaceID in PDCCH-ConfigCommon for for a Type2-PDCCH CSS set, the UE determines the paging occasion for monitoring PDCCH candidates of the Type2-PDCCH CSS set as defined in [14, TS38.304].	Comment by Aris Papasakellariou: This makes it a ‘CONNECTED’ mode UE – to avoid introducing that terminology in 38.213.	Comment by Aris Papasakellariou: The INACTIVE/IDLE state for SS_ID != 0 is captured in 38.331 and is not repeated here (for now). Can be discussed whether to also describe this case in 38.213 



To clarify the UE monitoring behaviour in INACTIVE and IDLE state, it could be considered to introduce the case when UE is provided with non-zero SearchSpaceId value for Type0A- and Type2-PDCCH CSS set and to refer to corresponding RAN2 specifications as follows:-
	If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in Subclause 13.   If UE is provided with non-zero value for searchSpaceID in PDCCH-ConfigCommon for for a Type0A-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0A-PDCCH CSS set as defined in [12, TS38.331].  If UE is provided with non-zero value for searchSpaceID in PDCCH-ConfigCommon for for a Type2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type2-PDCCH CSS set as defined in [15, TS38.304].



[bookmark: _Hlk528680260]In Section 3.1 we addressed the rate matching behaviour related to ssb-PositionInBurst and proposed to consider following change to Section 10 of 38.213:-
	For monitoring of a PDCCH candidate in a slot
-	If the UE has received ssb-PositionsInBurst in SystemInformationBlockType1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SystemInformationBlockType1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH CSS set and at least one RE for a PDCCH candidate overlaps with at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.




Furthermore, based on RAN2 LS, where option to introduce new parameter was raised, we made following observations in Section 3.2:- 
Observation: RAN2 proposed new parameter could be used to determine the rate matching behaviour for dedicated PDSCH. If not provided, SSB related rate matching for dedicated PDSCH, should follow information provided by ssb-PositionInBurst.
Observation: If RAN2 proposed new parameter is provided, it should not affect the rate matching behaviour for ‘broadcast’ PDSCH.
Furthermore it is proposed to provide response to RAN2 in LS, corresponding draft can be found in [10]. For the case, RAN2 introduces this parameter to specification, this would need to be accounted in 38.214, Section 5.1.4. Corresponding change is presented in Section 3.2, and corresponding draft CR can be provided if needed.
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