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1. Introduction

In our companion contribution [1], we have proposed a draft CR on the QCL assumption for paging reception. In this contribution, we discuss the technical motivation on this proposed draft CR.     
2. Discussion
Paging for NR is transmitted in beam sweeping manner , when UE receives paging in the initial DL BWP, the UE may assume QCL between paging DCI, paging PDSCH and the associated SSB.
During RAN1#91 meeting, we have the following agreements [3]:
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.

As specified in current specification, PDCCH for paging could be monitored in type-0 PDCCH search space (when SearchSpaceId of pagingSearchSpace is 0) or an additional configured paging search space (when SearchSpaceId of pagingSearchSpace  is not 0).

We further have the following agreements during RAN1#94bis [4]:  
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

When paging PDCCH is monitored in the type0 CSS, the UE can assume QCL properties between paging PDCCH, PDSCH and the corresponding SSB based on the following as specified in TS38213-f90 [2]. It is noted that the association between type-0 PDCCH CORESET and SSB is specified in session 13 in TS38213 [2], therefore, there is one-to-one mapping between CORESET 0 (for each PDCCH monitoring occasion) and SSB in this case.
Observation 1: In current 38213, there is one-to-one mapping on QCL assumption between CORESET 0 (for each PDCCH monitoring occasion) and SSB when paging PDCCH is monitored in the type0 CSS.
The UE may assume that the DM-RS antenna port associated with PDCCH receptions in the CORESET configured by pdcch-ConfigSIB1 in MIB, the DM-RS antenna port associated with corresponding PDSCH receptions, and the corresponding SS/PBCH block are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214], if the UE is not provided a TCI state indicating quasi co-location information of the DM-RS antenna port for PDCCH reception in the CORESET. The value for the DM-RS scrambling sequence initialization is the cell ID. A SCS is provided by subCarrierSpacingCommon in MIB.
However, when paging search pace other than  type-0 CSS is configured in RMSI, there is no similar description in the current specification on how the UE assume the QCL between SSB and the paging DCI in 38213.  In 38304, the association in this case is described as in following, but there is no QCL description on top of the association, as that for RMSI.  
Observation 2: In current 38213, the QCL assumption between CORESET 0 (for each PDCCH monitoring occasion) and SSB is missed when paging PDCCH is monitored in CSS other than type0 CSS.
When SearchSpaceId other than 0 is configured for pagingSearchSpace, the UE monitors the (i_s + 1)th PO. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S'is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S.
During the discussion in previous meeting, it is understood by some companies that the following paragraph in 38213 may be the relevant description on how to determine the QCL assumption in this case. But this paragraph is for UE that is in RRC connected states or a UE that has just complete the initial access procedure. 

For a UE in RRC idle/inactive state, there shall be one-to-one mapping between CORESET 0 (for each PDCCH monitoring occasion) and SSB as in the above case. Using the single SS/PBCH block the UE identified during the initial access procedure as the QCL assumption is not sufficient for the UE to monitor paging. First of all, since the gNB transmit paging with beam sweeping manner, if UE use only one single SS/PBCH block the UE identified during the initial access procedure, there would be mis-alignment between the gNB’s transmission beam and the UE’s receiving beam. Secondly,  SS/PBCH block the UE identified during the initial access procedure will be outdated if the UE moves from one beam to another beam or from one cell to another cell. Thirdly,  a clear one-to-one mapping between CORESET 0 (for each PDCCH monitoring occasion) and SSB can help the UE to choose to monitor PDCCH in the PDCCH monitoring occasion that corresponding to the best SSBs and skip other PDCCH occasions thus save UE’s power.
It is noted that in this paragraph, the 2nd bullet is on how the UE assume the QCL for a CORESET with index 0, if this paragraph is also applied for UE in RRC idle/inactive states, it would be duplicated with the above cited paragraph in 38213 since CORESET configured by pdcch-ConfigSIB1 in MIB is also CORESET 0. It can be seen that from this point of view, there is ambiguity for the current description in 38213 between the case of RRC connected states and the case of RRC idle/inactive states. It can be discussed whether and how to clarify such ambiguity. 
Observation 3: There is ambiguity for the current description in 38213 on how does UE determine the QCL assumption for a CORESET with index 0. The two relevant paragraphs don’t differentiate UEs in RRC connected states and UEs in RRC idle/inactive states.
Proposal 1: It can be discussed whether and how to clarify such ambiguity.

	For a CORESET other than a CORESET with index 0, 

-
if a UE has not been provided a configuration of TCI state(s) by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList for the CORESET, or has been provided initial configuration of more than one TCI states for the CORESET by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList but has not received a MAC CE activation command for one of the TCI states as described in [11, TS 38.321], the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure; 

-
if a UE has been provided a configuration of more than one TCI states by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList for the CORESET as part of Reconfiguration with sync procedure as described in [12, TS 38.331] but has not received a MAC CE activation command for one of the TCI states as described in [11, TS 38.321], the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with the SS/PBCH block or the CSI-RS resource the UE identified during the random access procedure initiated by the Reconfiguration with sync procedure as described in [12, TS 38.331].
For a CORESET with index 0, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with 

-
the one or more DL RS configured by a TCI state, where the TCI state is indicated by a MAC CE activation command for the CORESET, if any, or
-
a SS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH order that triggers a contention-free random access procedure, if no MAC CE activation command indicating a TCI state for the CORESET is received after the most recent random access procedure.


Therefore, we propose the following CR in 38213 session 10.1 to solve this issue.

10.1
UE procedure for determining physical downlink control channel assignment 

*** Unchanged text is omitted ***
The UE may assume that the DM-RS antenna port associated with PDCCH receptions in the CORESET configured by pdcch-ConfigSIB1 in MIB, the DM-RS antenna port associated with corresponding PDSCH receptions, and the corresponding SS/PBCH block are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214], if the UE is not provided a TCI state indicating quasi co-location information of the DM-RS antenna port for PDCCH reception in the CORESET. The value for the DM-RS scrambling sequence initialization is the cell ID. A SCS is provided by subCarrierSpacingCommon in MIB.
If a UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommonfor a Type 2-PDCCH CSS set,  the UE may assume that the DM-RS antenna port associated with PDCCH receptions in the CORESET configured by pagingSearchSpace in PDCCH-ConfigCommon, the DM-RS antenna port associated with corresponding PDSCH receptions, and the corresponding SS/PBCH block are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214], if the UE is not provided a TCI state indicating quasi co-location information of the DM-RS antenna port for PDCCH reception in the CORESET.
*** Unchanged text is omitted ***
3. Conclusions
In this contribution, we discussed QCL assumption for paging reception and present the motivation to propose our companion draft CR.   We have the following observations and proposals:
Observation 1: In current 38213, there is one-to-one mapping on QCL assumption between CORESET 0 (for each PDCCH monitoring occasion) and SSB when paging PDCCH is monitored in the type0 CSS.
Observation 2: In current 38213, the QCL assumption between CORESET 0 (for each PDCCH monitoring occasion) and SSB is missed when paging PDCCH is monitored in CSS other than type0 CSS.
Observation 3: There is ambiguity for the current description in 38213 on how does UE determine the QCL assumption for a CORESET with index 0. The two relevant paragraphs don’t differentiate UEs in RRC connected states and UEs in RRC idle/inactive states.
Proposal 1: It can be discussed whether and how to clarify such ambiguity.
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