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1	Introduction
In Rel-15 discussion, the maximum number of PDCCHs a UE is expected to receive has been defined for CA and NR-DC, respectively. 
For Rel-16, new PDCCH monitoring was introduced, but the limits on the number of PDCCHs to receive are not provided. In this contribution, we discuss the problem and provide text proposals to address it.
[bookmark: _Ref178064866]2	PDCCHs Received for PDSCH and PUSCH
Rel-16 URLLC work on PDCCH monitoring introduced Rel-16 monitoring capability, in addition to the existing Rel-15 monitoring capability. This results in two new scenarios for PDCCH monitoring in Rel-16, as compared to Rel-15:
(a) When all serving cells are monitored with Rel-16 monitoring capability.
(b) Mixed Rel-15 monitoring and Rel-16 monitoring capability for the serving cells.

The new scenarios (a) and (b) apply to both CA and NR-DC. There is no explicit differentiation of (a) vs (b), since the PDCCH monitoring capability is indicated by RRC parameter monitoringCapabilityConfig for each serving cell, see Appendix. Thus, to differentiate (a) vs (b), the presence/absence, and value of monitoringCapabilityConfig, across all serving cells need to be considered.
For Rel-15 monitoring only case, the specification texts exist to provide the upper limit on the number of PDCCHs to receive for PDSCH and PUSCH, respectively.  The only issue is the description of conditions for Rel-15 monitoring only. In our understanding, Rel-15 monitoring only means that for each serving cells either
(a) monitoringCapabilityConfig is absent from PDCCH-Config of the cell, or
(b) monitoringCapabilityConfig = r15monitoringcapability.

This condition should be described in the specification.
[bookmark: _Toc68535442]The condition for Rel-15 monitoring only should be specified.

Furthermore, when monitoringCapabilityConfig is configured, no upper limit is stipulated for the number of PDCCHs to receive for PDSCH and PUSCH, respectively. This results in an unlimited number of PDCCHs the UE should store across all carriers for CA and NR-DC.  To ensure proper UE PDCCH reception implementation, similar limits as those in Rel-15 should be provided.

[bookmark: _Toc68535443]When monitoringCapabilityConfig is configured, upper limit on the number of PDCCHs to receive for PDSCH and PUSCH, respectively, should be specified.

Accordingly, the specification change is recommended below. 
	---------------------------------Start of Text Proposal to TS 38.213 v16.5.0-----------------------
10.1	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol. 
If a UE is not provided monitoringCapabilityConfig or if the UE is provided with monitoringCapabilityConfig = r15monitoringcapability for all serving cells, and
-	is not configured for NR-DC operation and indicates through pdcch-BlindDetectionCA or pdcch-MonitoringCA a capability to monitor PDCCH candidates for  downlink cells and the UE is configured with  downlink cells or  uplink cells, or
-	is configured with NR-DC operation and for a cell group with  downlink cells or  uplink cells
the UE expects to have respectively received at most  PDCCHs for 
-	DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling  PDSCH receptions for which the UE has not received any corresponding PDSCH symbol over all  downlink cells
-	DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling  PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over all  uplink cells

If a UE is provided with monitoringCapabilityConfig = r16monitoringcapability for all serving cells, and
-	is not configured for NR-DC operation and indicates through pdcch-MonitoringCA a capability to monitor PDCCH candidates for  downlink cells and the UE is configured with  downlink cells or  uplink cells, or
-	is configured with NR-DC operation and for a cell group with  downlink cells or  uplink cells
the UE expects to have respectively received at most  PDCCHs for 
-	DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling  PDSCH receptions for which the UE has not received any corresponding PDSCH symbol over all  downlink cells
-	DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling  PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over all  uplink cells.

If a UE is provided with monitoringCapabilityConfig = r16monitoringcapability for at least one serving cell while not all serving cells are provided with monitoringCapabilityConfig = r16monitoringcapability, and
-	is not configured for NR-DC operation, and indicates a capability to monitor PDCCH candidates for  downlink cells and  downlink cells, and the UE is configured with   downlink cells or  uplink cells, or
-	is configured with NR-DC operation and for a cell group with  downlink cells or  uplink cells
the UE expects to have respectively received at most  PDCCHs for 
-	DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling  PDSCH receptions for which the UE has not received any corresponding PDSCH symbol over all  downlink cells    
-	DCI formats with CRC scrambled by a C-RNTI, or a CS-RNTI, or a MCS-C-RNTI scheduling  PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol over all  uplink cells

--------------------------------- End of Text Proposal to TS 38.213 v16.5.0-----------------------




3	Other
In TS 38.213 V16.5.0, two IEs are cited: UE-NR-Capability  and UE-NR-Capability-r16. However, UE-NR-Capability-r16 is not an IE in 38.331 V16.4.1. Instead, the UE-NR-Capability IE contains several extensions, e.g.,  UE-NR-Capability-v1610 and UE-NR-Capability-v1640. Thus,  UE-NR-Capability-r16 should be removed, and only UE-NR-Capability is used.

[bookmark: _Toc68535444]Remove UE-NR-Capability-r16 and use UE-NR-Capability only in RAN1 specifications.


Accordingly, the specification change is recommended below. 

	---------------------------------Start of Text Proposal to TS 38.213 v16.5.0-----------------------
10	UE procedure for receiving control information
< Unchanged parts are omitted >
…
If a UE indicates in UE-NR-Capability-r16 a carrier aggregation capability larger than two downlink cells, the UE includes in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs that the UE can monitor per span when the UE is configured for carrier aggregation operation over more than two downlink cells with monitoringCapabilityConfig = r16monitoringcapability. When a UE is not configured for NR-DC operation and the UE is provided monitoringCapabilityConfig = r16monitoringcapability for all downlink cell where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per span that corresponds to  downlink cells, where
…
< Unchanged parts are omitted >
…
If a UE indicates in UE-NR-Capability a carrier aggregation capability larger than one downlink cell with monitoringCapabilityConfig = r15monitoringcapability or larger than one downlink cell with monitoringCapabilityConfig = r16monitoringcapability, the UE includes in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for downlink cells with monitoringCapabilityConfig = r15monitoringcapability or for downlink cells with monitoringCapabilityConfig = r16monitoringcapability when the UE is configured for carrier aggregation operation over more than two downlink cells with at least one downlink cell with monitoringCapabilityConfig = r15monitoringcapability and at least one downlink cell with monitoringCapabilityConfig = r16monitoringcapability. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per span that corresponds to  downlink cells or to  downlink cells, respectively, where
…
< Unchanged parts are omitted >
--------------------------------- End of Text Proposal to TS 38.213 v16.5.0-----------------------




Conclusion

Based on the discussion in the previous sections we propose the following:
Proposal 1	The condition for Rel-15 monitoring only should be specified.
Proposal 2	When monitoringCapabilityConfig is configured, upper limit on the number of PDCCHs to receive for PDSCH and PUSCH, respectively, should be specified.
Proposal 3	Remove UE-NR-Capability-r16 and use UE-NR-Capability only in RAN1 specifications.
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]3GPP TS 38.213 V16.5.0 (2021-03), “Physical layer procedures for control (Release 16)”.
3GPP TS 38.331 V16.5.0 (2021-03), “Radio Resource Control (RRC) protocol specification (Release 16)”.


Appendix. 38.331 V16.4.1 Relevant RRC Parameters 

monitoringCapabilityConfig-r16 ENUMERATED { r15monitoringcapability,r16monitoringcapability } OPTIONAL, -- Need M
	PDCCH-Config field descriptions

	monitoringCapabilityConfig
Configures either Rel-15 PDCCH monitoring capability or Rel-16 PDCCH monitoring capability for PDCCH monitoring on a serving cell. Value r15monitoringcapablity enables the Rel-15 monitoring capability, and value r16monitoringcapablity enables the Rel-16 PDCCH monitoring capability (see TS 38.213 [13], clause 10.1).







-- R1 11-2a: Capability on the number of CCs for monitoring a maximum number of BDs and non-overlapped CCEs per span when configured
-- with DL CA with Rel-16 PDCCH monitoring capability on all the serving cells
pdcch-MonitoringCA-r16 			SEQUENCE {
maxNumberOfMonitoringCC-r16 		INTEGER (2..16),
supportedSpanArrangement-r16 		ENUMERATED {alignedOnly, alignedAndNonAligned}
}
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