Page 1
3GPP TSG RAN WG1 #103-e	R1- 2008486
e-Meeting, October 26th – November 13th, 2020
	
[bookmark: Source]Agenda item:	7.2.5				
Source: 	Quectel
Title: 	Maintenance of PDCCH Enhancements for Rel-16 URLLC
[bookmark: DocumentFor]Document for:	Discussion and Decision
1	Introduction 
In this document, remaining issues on PDCCH enhancements for Release 16 URLLC are addressed. Corresponding text proposals are provided.
2         PDCCH Monitoring for Multiple TRPs/Panels
It is still undecided whether to support multiple DCIs scheduling multiple PDSCHs for a downlink cell with monitoringCapabilityConfig-r16 = r15monitoringcapability when some downlink cells are configured with monitoringCapabilityConfig-r16 = r15monitoringcapability and the other downlink cells are configured with monitoringCapabilityConfig-r16 = r16monitoringcapability.  As separate UE capability can be reported in UE-NR-Capability-r16 for downlink cells with monitoringCapabilityConfig-r16 = r15monitoringcapability and downlink cells with monitoringCapabilityConfig-r16 = r16monitoringcapability, the support of multiple DCIs scheduling multiple PDSCHs for a downlink cell with monitoringCapabilityConfig-r16 = r15monitoringcapability can be up to UE capability and network configuration. The serving cell grouping according to the number of CORESET resource pool indices could be reused when monitoringCapabilityConfig-r16 = r15monitoringcapability is configured.  The same scaling factor report (i.e., a same R) for downlink cells with “monitoringCapabilityConfig-r16 = r15monitoringcapability could be used also.  The following text changes can be considered:
******************************************* Start of TP  *******************************************
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 one downlink cell with monitoringCapabilityConfig-r16 = 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-r16 = r15monitoringcapability or for downlink cells with monitoringCapabilityConfig-r16 = r16monitoringcapability when the UE is configured for carrier aggregation operation over more than two downlink cells with at least one downlink cell with monitoringCapabilityConfig-r16 = r15monitoringcapability and at least one downlink cell with monitoringCapabilityConfig-r16 = 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
-	 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r15 where  is the number of configured downlink cells with monitoringCapabilityConfig-r16 = r15monitoring capability
-	otherwise, 
-	if the UE reports only one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16),  is the value of pdcch-BlindDetectionCA-r15 
-	else,  is the value of pdcch-BlindDetectionCA-r15 from a combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) that is provided by pdcch-BlindDetectionCAComb-indicator
and
-	 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16
-	otherwise, 
-	if the UE reports only one combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16),  is the value of pdcch-BlindDetectionCA-r16 
-	else,  is the value of pdcch-BlindDetectionCA-r16 from a combination of (pdcch-BlindDetectionCA-r15, pdcch-BlindDetectionCA-r16) that is provided by pdcch-BlindDetectionCAComb-indicator
the UE determines, for the purpose of reporting pdcch-BlindDetectionCA-r15, a number of serving cells as . 
< Unchanged parts are omitted >
10.1	UE procedure for determining physical downlink control channel assignment
< Unchanged parts are omitted >
If a UE is configured with   downlink cells for which the UE is not provided monitoringCapabilityConfig-r16 and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration  where , the UE is not required to monitor, on the active DL BWPs of the scheduling cells, 
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells, or
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell when the scheduling cell is from the  downlink cells
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value for each scheduled cell when the scheduling cell is from the  downlink cells
-	if the UE is configured downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by ,  is replaced by , and  is replaced by 
If a UE 
-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig-r16 or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability, 
-	with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , where , and
-	a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, 
[bookmark: _Hlk530114396]the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells. If the UE is configured downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by ,  is replaced by , and  is replaced by .
For each scheduled cell from the  downlink cells or the  downlink cells, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.
For each scheduled cell from the  downlink cells or the  downlink cells, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell 
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot
-	more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same CORESETPoolIndex value
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
Alternatively, considering the limited time budget allocated for maintenance of Rel-16 and lack of sufficient discussions on the use cases, it is also acceptable in Rel-16 to not support multiple DCIs scheduling multiple PDSCHs on any downlink cell if there is a cell configured with monitoringCapabilityConfig-r16 = r16monitoringcapability. It is clearer to explicitly mention the simultaneously configured case is not assumed by UEs. The corresponding text changes are as following:
******************************************* Start of TP  *******************************************
10	UE procedure for receiving control information
< Unchanged parts are omitted >
A UE is not expected to be provided CORESETPoolIndex with a value 0 for a first CORESET and with a value 1 for a second CORESET on any DL BWP of any downlink cell if there is a downlink cell configured with monitoringCapabilityConfig-r16 = r16monitoringcapability.
< Unchanged parts are omitted >
10.1	UE procedure for determining physical downlink control channel assignment
< Unchanged parts are omitted >
If a UE 
-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig-r16 or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability, 
-	with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , where , and
-	a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, 
the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells.
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
3         Span Pattern Repetition
There were intensive discussions [1] at the last e-meeting on whether the existing constraint in FG3-5b “the same span pattern repeats in every slot” is applicable and whether to be captured in TS38.213. Due to divergent views and limited time budget, no conclusion was reached in the end. According to the discussions at the last e-meeting, this restriction may have impact to the PDCCH candidate/non-overlapped CCE budget partition for the non-aligned span case across multiple carriers.
For the aligned case, according to the latest specification, the set of aligned spans are fully contained within a same X-symbol window. The number of PDCCH candidates/non-overlapped CCEs across multiple carriers are checked X symbols by X symbols, to not exceed the PDCCH candidate/non-overlapped CCE budgets affordable within an X-symbol window. For the non-aligned case, as no time window is defined for the span set construction, a span set including two spans which are sufficiently separated in time domain (e.g., tens of slots) still needs to be checked. The number of span sets to be checked will be exponentially increased as the span pattern cannot repeat in a long time. A simple solution to address this issue is to introduce a time window also to define the span set construction for the non-aligned case. Similarly to the aligned case, the time window should be of length of X symbols because PDCCH candidate/non-overlapped CCE budgets are defined per X symbols for the span based monitoring. However, different from the aligned case, spans belonging to a same span set cannot be guaranteed to be fully contained within a same X-symbol window in the non-aligned case. Considering the UE processing for PDCCH decoding and channel estimation is highly implementation dependent, it is safe although maybe a bit conservative to construct a span set for the non-aligned case by including all spans that have overlapped symbols with a same X-symbol window.
The proposed texts are as follows.
******************************************* Start of TP  *******************************************
10.1	UE procedure for determining physical downlink control channel assignment 
< Unchanged parts are omitted >
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs 
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells fully or partially overlapped with a same X symbols， with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .
< Unchanged parts are omitted >
******************************************** End of TP  *******************************************
[bookmark: _GoBack]Given the introduction of time windows for both aligned and non-aligned span set construction, on top of the constraint agreed at the last e-meeting that “the UE expects to monitor PDCCH according to the same combination(X,Y) in every slot on the active DL BWP of a cell”, the constraint in FG3-5b “the same span pattern repeats in every slot” is not necessary any more.
4        Conclusions
In this contribution, the remaining issues on enhanced PDCCH monitoring for Rel-16 URLLC are discussed and the corresponding text changes are proposed.
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