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1 Introduction 
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In RAN1 #96 meeting, regarding multiple-PDCCH design, following agreement was made [1]. 

	Agreement

To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs

· one CORESET in a “PDCCH-config” corresponds to one TRP 

· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3

FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2




In this contribution, we address an issue regarding default QCL which is needed to receive single/multiple PDCCH and multiple PDSCH in intra/inter multi-TRP/Panel scenario.

2 Discussion
2.1  Default QCL for multiple PDCCH in intra multi-TRP/Panel scenario
In the previous meeting, intra-cell (same cell ID) and inter-cell (different cell ID) scenario for multi-TRP/panel was confirmed. In this contribution, we address an issue regarding default QCL for multiple PDCCH in the intra-cell environment (same cell ID). To receive multiple PDCCH from multiple TRP/panels, the UE needs to know suitable RX antenna panel/RX beam. Each CORESET for a PDCCH needs to be associated with a RX antenna panel/RX beam. For the QCL, SSB is usually used as a source reference signal. In case of multiple TRP transmission in intra-cell scenario, in a half frame, there are SSBs indexed from 0 to L max-1.

In the L max SSBs, for example, the first part of the SSBs in a half frame is associated with the first TRP/Panel. The second part of the SSBs in a half frame is associated with the second TRP/Panel.   In Rel15 specification, Multiple TRP/Panels differentiation associated with the SSBs in a half frame for initial access are transparent to the UE (Figure 1).

Observation 1: Multiple TRP/Panels differentiation associated with the SSB burst in a half frame for initial access is transparent to the UE.
Rel15 TS38.213 Section 10.1
	For a CORESET other than a CORESET with index 0, if a UE has not been provided with a configuration of TCI state(s) by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList for the CORESET, or has received 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. 
For a CORESET with index 0, if a UE has not received a MAC CE activation command for a TCI state, as described in [11, TS 38.321], the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with a SS/PBCH block the UE identified either during initial access or, if any, from a most recent random access procedure not initiated by a PDCCH order that triggers a non-contention based random access procedure.



In above specification, the default QCL for DMRS of PDCCH in a CORESET is associated with a SS/PBCH block in initial access. We think that multiple default QCL for multiple PDCCH is required for multi-PDCCH with multi intra TRP/Panel scenario. When only one default QCL is used for all default QCL for multiple PDCCH, antenna panel switching sometimes happen to take the default. Therefore, to prepare multiple default QCL for multiple PDCCH is important. To realize that, UE needs to know an association between a part of SSBs in a half frame and a TRP/Panel using RRC signaling.

Proposal 1: Support RRC signaling for multiple associations between a TRP/Panel and a part of SSBs in a half frame for intra multi-TRP/Panel scenario.
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Figure1 SSBs for the multi-TRP/Panel with same cell ID

In current specification, during initial access, UE can indicate UE’s preference of suitable SSB beam using frequency/time random access resources. There is no method to report multiple preferred SSB. To enhance efficient beam management, RAN1 should investigate how UE response with multiple SSBs during random access procedure.
Observation 2: Current Rel15 RACH resource association with beam may not be enough for the multi-TRP/Panel transmission. 
2.2  Default QCL for multiple PDSCHs
As same as section 2.1, each DM-RS for PDSCH requires different default QCL because each DMRS/PDSCH may be received via different RX antenna panel/beam respectively. In rel15, default QCL of DMRS for PDSCH is associated with the SS/PBCH block determined in the initial access procedure when MAC CE activation for TCI is used, and default QCL of DMRS for PDSCH is associated with the CORESET when dynamically indicated TCI by DCI is used. We think the same default mechanize can be used for multi-PDCCH use case (Figure 2). For the MAC CE indication case, multiple association for QCL between SSB and PDSCH is needed.
Proposal 2: For multiple PDCCH design in intra multi-TRP/Panel scenario, support the same Rel15 NR default QCL assumption (QCL used for CORESET) for the DMRS/PDSCH when DCI indication for QCL is used.
Proposal 3: For multiple PDCCH design in intra multi-TRP/Panel scenario, support RRC signaling for multiple associations between a PDSCH and a part of SSBs in a half frame when MAC CE indication for QCL is used.
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Figure2 default QCL for the PDSCH in multiple PDCCH when DCI for QCL is used
As for single PDCCH design, there is an issue regarding default QCL, one PDSCH may be received by same RX antenna panel/beam as the single PDCCH but the other PDSCH may be received by different RX antenna panel/beam of the single PDCCH. This is problem in not only intra TRP/Panel scenario but also inter TRP/Panel scenario (Figure 3).
Proposal 4: For single PDCCH design, support to configure dedicated default value associated with SSB/CSI-RS used in beam management, for the DMRS/PDSCH when DCI indication for QCL is used.
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Figure3 default QCL for the PDSCH in single PDCCH
3
Conclusions
In this contribution, the following proposals are made:
Proposal 1: Support RRC signaling for multiple associations between a TRP/Panel and a part of SSBs in a half frame for intra multi-TRP/Panel scenario.
Proposal 2: For multiple PDCCH design in intra multi-TRP/Panel scenario, support the same Rel15 NR default QCL assumption (QCL used for CORESET) for the DMRS/PDSCH when DCI indication for QCL is used.
Proposal 3: For multiple PDCCH design in intra multi-TRP/Panel scenario, support RRC signaling for multiple associations between a PDSCH and a part of SSBs in a half frame when MAC CE indication for QCL is used.

Proposal 4: For single PDCCH design, support to configure dedicated default value associated with SSB/CSI-RS used in beam management, for the DMRS/PDSCH when DCI indication for QCL is used.
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