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Introduction
In this contribution, we discuss the remaining issues and corrections for multi-TRP/panel transmission.

Multi-TRP/panel enhancement for non-coherent joint transmission 
Default QCL assumption for single PDCCH based multi-TRP/Panel transmission
In the TS38.214 [1], for both Rel.15 and Rel.16 multi-PDCCH based multiple TRPs, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the default QCL assumption is applied for both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode. However, for single PDCCH based multiple TRPs, if the offset between the reception of the DL DCI and corresponding PDSCH is less than the threshold timeDurationForQCL, it is unclear whether the default QCL assumption is applied for both the above cases or not. Based on the agreements made in RAN1#99, for single PDCCH based multiple TRPs, if the offset between the reception of the DL DCI and corresponding PDSCH is less than the threshold timeDurationForQCL, the default QCL assumption follows the QCL parameters indicated by the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. It is obvious that 3-bits DCI of TCI field is not necessary for the default QCL assumption. Therefore, we propose to clarify that for single PDCCH based multiple TRPs, the default QCL assumption is applied for both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode. 
Proposal 1:
· For default QCL assumption for single PDCCH based multi-TRP/panel transmission, adopt the following TP in TS38.214 section 5.1.5:
	[bookmark: _Toc20317986][bookmark: _Toc11352096][bookmark: _Hlk500790716][bookmark: _Hlk498002628][bookmark: _Hlk32234747]5.1.5	Antenna ports quasi co-location
<Unrelated part omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if all the TCI codepoints are mapped to a single TCI state and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH associated with a value of CORESETPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE. For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, Iif the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
<Unrelated part omitted>


Radio link monitoring for multiple PDCCH based multi-TRP/Panel transmission
In Rel.15, when the UE is not provided RadioLinkMonitoringRS, the UE decides the RLM RS based on the RS provided for the active TCI state for PDCCH reception [2]. For multi-PDCCH based multi-TRP transmission, the maximum number of CORESETs per “PDCCH-config” is increased to 5 according to UE capability and each CORESET is associated with one TRP. However, the TRP information is not considered in Rel.15 RLM RS determination, if the Rel.15 RLM RS(s) determination rule is reused, the RLM RSs may come from either TRP or from two TRPs randomly, which is not reasonable for multi-PDCCH based multiple TRP transmission. In spite of multi-TRP operation, the UE has RRC connection to only one TRP, therefore, it is reasonable that RLM RS is associated with this TRP only. In this case, the UE can determine the RLM RS based on the CORESETs associated with a specific higher layer index. One simple way is to use the CORESETs associated with the lowest higher layer index. Based on the above, we have the following proposal:

Proposal 2:
· For radio link RS determination for multi-PDCCH based multi-TRP/panel transmission, adopt the following TP in TS38.213 section 5: 
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<Unrelated part omitted>
If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.
If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, and if the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception in CORESET associated with the lowest CORESETPoolIndex if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception in CORESET associated with the lowest CORESETPoolIndex includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the lowest CORESETPoolIndex and associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs associated with the lowest CORESETPoolIndex are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.
<Unrelated part omitted>



Conclusion
In this contribution, we discussed the remaining issues on multi-TRP/panel transmission in Rel-16. Based on the discussion, we made the following proposals.
Proposal 1: 
· For default QCL assumption for single PDCCH based multi-TRP/panel transmission, adopt the following TP in TS38.214 section 5.1.5:
	5.1.5	Antenna ports quasi co-location
<Unrelated part omitted>
Independent of the configuration of tci-PresentInDCI and tci-PresentInDCI-ForFormat1_2 in RRC connected mode, if all the TCI codepoints are mapped to a single TCI state and the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE. In this case, if the 'QCL-TypeD' of the PDSCH DM-RS is different from that of the PDCCH DM-RS with which they overlap in at least one symbol, the UE is expected to prioritize the reception of PDCCH associated with that CORESET. This also applies to the intra-band CA case (when PDSCH and the CORESET are in different component carriers). If none of configured TCI states for the serving cell of scheduled PDSCH contains 'QCL-TypeD', the UE shall obtain the other QCL assumptions from the indicated TCI states for its scheduled PDSCH irrespective of the time offset between the reception of the DL DCI and the corresponding PDSCH. If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, for both cases, when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the UE may assume that the DM-RS ports of PDSCH associated with a value of CORESETPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest CORESET-ID among CORESETs, which are configured with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of CORESETPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE. For both the cases when tci-PresentInDCI is set to 'enabled' and tci-PresentInDCI is not configured in RRC connected mode, Iif the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and at least one configured TCI states for the serving cell of scheduled PDSCH contains the 'QCL-TypeD', and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states.
<Unrelated part omitted>



Proposal 2:
· For radio link RS determination for multi-PDCCH based multi-TRP/panel transmission, adopt the following TP in TS38.213 section 5: 
	5 Radio link monitoring
<Unrelated part omitted>
If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.
If a UE configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet, and if the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception in CORESET associated with the lowest CORESETPoolIndex if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception in CORESET associated with the lowest CORESETPoolIndex includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the lowest CORESETPoolIndex and associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs associated with the lowest CORESETPoolIndex are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.
<Unrelated part omitted>



References
[1] 3GPP TS38.214 v16.0.0, “Physical layer procedures for data”, Dec.,2019.
[2] 3GPP TS38.213 v16.0.0, “Physical layer procedures for control”, Dec.,2019.
image1.wmf
4

max

=

L


image2.wmf
RLM

N


