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Introduction
Substantial progress was achieved in RAN1#101e towards finalizing the URLLC specifications on DL control and nearly all open issues were resolved. This contribution considers a few remaining pending and new issues.


Maintenance on DL control for URLLC
Time variation for combination 
The topic was briefly discussed in RAN1#101e and concerns whether the UE can monitor PDCCH according to a different  combination in different slots. Based on the following statements from [2], the UE monitors PDCCH within a slot according to the  combination for which the first symbols of two consecutive spans are separated by  and a corresponding combination is associated with the largest maximum number of  and . 

	A UE can indicate a capability to monitor PDCCH according to one or more of the combinations  = (2, 2), (4, 3), and (7, 3) per SCS configuration of  and .  A span is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH on a cell according to combination , the UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of  symbols between the first symbol of two consecutive spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends, where the number of symbols of the span is up to . 
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  defined in Table 10.1-2A and Table 10.1-3A. 



It is currently allowed for the  combination to be different across slots. For single cell operation, that would lead to different  and  in different slots – this has no specification impact but, based on the configuration of search space sets, the UE needs to compute in every slot the values of  and . For CA operation, the possibility to change  per slot would mean that the allocation of PDCCH candidates/non-overlapping CCEs per cell can also change per slot. This is already the case in Rel-15 as the active DL BWP on a cell can change per slot (between BWP with different SCS configuration ). Nevertheless, even for a UE supporting dynamic active DL BWP change (including between dormant and non-dormant BWPs), the UE needs to recalculate PDCCH candidates/non-overlapping CCEs once after an active DL BWP change instead of across time based on the search space set configurations. For Rel-16 PDCCH monitoring, there is no identifiable use-case for having different search space set configurations in different slots; allowing the UE to expect the same  per slot is reasonable for UE complexity. 

Configuration of search space sets for Rel-16 (span-based) PDCCH monitoring within a slot relies on monitoringSymbolsWithinSlot to determine the PDCCH MOs. A restriction from Rel-15 is that PDCCH monitoring beyond the first 3 symbols of a slot is supported only for 15 kHz SCS. For Rel-16 PDCCH monitoring, 30 kHz SCS should also be included.

Proposal 1: A UE expects the combination  on the active DL BWP of a cell to be same across slots. Update TS 38.213 v16.2.0 in Clause 10.1 as follows.

	*** Unchanged text is omitted ***
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  and  defined in Table 10.1-2A and Table 10.1-3A. The UE expects the combination  on the active DL BWP of a cell with SCS configuration  to be same across slots.
*** Unchanged text is omitted ***




Support of Multi-TRP Operation
[bookmark: _Hlk23024772]The topic was briefly discussed in RAN1#101e, and although the general consensus seemed to be that there is no need to support M-TRP for URLLC in Rel-16, there was no conclusion and there is a missing part in [1] due to that issue. In Rel-16, M-TRP operation for URLLC is supported by a single DCI format. Therefore, there is no impact to Rel-16 PDCCH monitoring due to CORESETPoolIndex with value 1 in [2] and corresponding support will have no applicability. Also, there is no UE capability signaling for a value of  with Rel-16 PDCCH monitoring and there is no corresponding BDFactorR – assuming that same values as for Rel-15 PDCCH monitoring apply, regardless of , is not practical.

Observation 1: Even if M-TRP support is provided when monitoringCapabilityConfig-r16 = r16monitoringcapability, URLLC (span-based PDSCH scheduling) is not supported in Rel-16. 

Proposal 2: Update TS 38.213 v16.2.0 in Clause 10.1 as follows.

	If a UE 
-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig-r16 or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability, and 
-	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 .
*** Unchanged text is omitted ***




Search space determination
The search space determination is as follows and is inherited from LTE.
[image: ]
For a USS, , ,  for ,  for ,  for , and . The purpose of  is to avoid time-permanent collisions among PDCCH candidates for different UEs sharing a same CORESET. While randomizing CCE locations per slot was appropriate for LTE and for Rel-15, it is not for Rel-16 PDCCH monitoring targeting low latency applications using e.g. . PDCCH blocking is already a problem for URLLC (e.g. [3-5]) where a blocking probability is much larger than a target PDCCH BLER even for Rel-15 PDCCH monitoring where the number of PDCCH candidates/non-overlapping CCEs is materially larger than for Rel-16 PDCCH monitoring with  or . 

Permanent collisions of PDCCH candidates for different UEs within a slot (for example, for 7 consecutive PDCCH MOs for ) should be minimized for URLLC operation with low latency scheduling (e.g. as required from ). Basically, randomization of starting CCE locations for span-based PDCCH monitoring should be per span. Using the span, and not the slot, as the time unit for randomizing locations of PDCCH candidates requires using a span index , instead of a slot index , in the search space equation. For a maximum of  spans per slot, the span index in time is  where  is the span index within a slot, .

Proposal 3: Update TS 38.213 v16.2.0 in Clause 10.1 as follows.


	*** Unchanged text is omitted ***
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  defined in Table 10.1-2A and Table 10.1-3A. A maximum number of spans in a slot is , a span index within a slot is ,  and a span index in slot  is . 
*** Unchanged text is omitted ***
For a search space set  associated with CORESET , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  if PDCCHMonitoringCapabilityConfig = r15monitoringcapability, or in span  if PDCCHMonitoringCapabilityConfig = r16monitoringcapability for an active DL BWP of a serving cell corresponding to carrier indicator field value  are given by 
[image: ]
where
[bookmark: _Hlk39576530]for any CSS, ;
for a USS,  if PDCCHMonitoringCapabilityConfig = r15monitoringcapability,  if PDCCHMonitoringCapabilityConfig = r16monitoringcapability, ,  for ,  for ,  for , and ;
*** Unchanged text is omitted ***




PDCCH monitoring within a slot
Configuration of search space sets for Rel-16 (span-based) PDCCH monitoring within a slot relies on monitoringSymbolsWithinSlot to determine the PDCCH MOs. A restriction from Rel-15 is that PDCCH monitoring beyond the first 3 symbols of a slot is supported only for 15 kHz SCS (e.g. to support LTE-NR coexistence). For Rel-16 PDCCH monitoring, 30 kHz SCS should be included. Also, for PDCCH monitoring for detection of DCI format 2_4, 30 kHz should be included. 

Further, in the current text below, the “that are same in every slot where the UE monitors PDCCH for all search space sets” may be considered to be removed to avoid potential confusion as the “that are same in every slot where the UE monitors PDCCH” is a consequence of the RRC signaling and not additional specification and the “for all search space sets” can be misinterpreted as meaning that the “consecutive symbols are same in every slot” among all search space sets. 

Proposal 4: Capture in Clause 10.1 of TS 38.213 v16.2.0 that a UE configured for Rel-16 PDCCH monitoring or for detection of DCI format 2_4 is expected to be able to monitor PDCCH within a slot for 30 kHz SCS.

	*** Unchanged text is omitted ***
If the monitoringSymbolsWithinSlot for a search space set indicates to a UE to monitor PDCCH in a subset of up to three consecutive symbols that are same in every slot where the UE monitors PDCCH for all search space sets, the UE does not expect to be configured with a PDCCH SCS other than 15 kHz, or other than 15 kHz or 30 kHz if the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability for the downlink cell of the PDCCH reception or if the UE is provided dci-Format2-4 for the search space set, if the subset includes at least one symbol after the third symbol. 
*** Unchanged text is omitted ***




PDCCH candidate having common REs with a SS/PBCH block
The “or in a span” has been missed in the second paragraph of the text below. It is suggested to add it or, preferably, remove the “in a slot and in a span” from the first paragraph and the “in a slot” from the second paragraph to avoid unnecessary text and be consistent with the text in the remaining paragraphs where “in a slot or in a span” is not mentioned.

Proposal 5: Update TS 38.213 v16.2.0 in Clause 10 as follows.

	*** Unchanged text is omitted ***
For monitoring of a PDCCH candidate by a UE in a slot or in a span, if the UE
[bookmark: _Hlk493885951]-	has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
-	does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and 
-	at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1, 
the UE is not required to monitor the PDCCH candidate.
For monitoring of a PDCCH candidate by a UE in a slot, if the UE
-	has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
-	does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and 
-	at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, 
the UE is not required to monitor the PDCCH candidate.
If a UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure described in Clause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell. 
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList-r16, the UE is not required to monitor the PDCCH candidate.
If a UE is provided availableRB-SetPerCell-r16, the UE is not required to monitor PDCCH candidates that overlap with any RB from RB sets that are indicated as unavailable for receptions by DCI format 2_0 as described in Clause 11.1.1.
*** Unchanged text is omitted ***




Maximum number of UE-specific DCI formats for CA operation
The maximum number of activated cells for CA operation remains 16 and DCI formats 0_2 and 1_2 need to also be captured in the following.

Proposal 6: Update TS 38.213 v16.2.0 in Clause 10.1 as follows.


	*** Unchanged text is omitted ***
For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats 1_0 or 1_1 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 0_0 or 0_1 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. 
*** Unchanged text is omitted ***




Conclusions
This contribution considered residual issues from [1] on DL control for URLLC and proposes the following.

Proposal 1: A UE expects the combination  on the active DL BWP of a cell to be same across slots. Update TS 38.213 v16.2.0 in Clause 10.1 as follows.


	*** Unchanged text is omitted ***
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  and  defined in Table 10.1-2A and Table 10.1-3A. The UE expects the combination  on the active DL BWP of a cell with SCS configuration  to be same across slots.
*** Unchanged text is omitted ***




Proposal 2: Update TS 38.213 v16.2.0 in Clause 10.1 as follows.

	*** Unchanged text is omitted ***
If a UE 
-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig-r16 or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability, and 
-	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. If the UE is configured downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability,  is replaced by .
*** Unchanged text is omitted ***




Proposal 3: Update TS 38.213 v16.2.0 in Clause 10.1 as follows.


	*** Unchanged text is omitted ***
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination , from the one or more combinations , that is associated with the largest maximum number of  and  defined in Table 10.1-2A and Table 10.1-3A. A maximum number of spans in a slot is , a span index within a slot is ,  and a span index in slot  is . 
*** Unchanged text is omitted ***
For a search space set  associated with CORESET , the CCE indexes for aggregation level  corresponding to PDCCH candidate  of the search space set in slot  if PDCCHMonitoringCapabilityConfig = r15monitoringcapability, or in span  if PDCCHMonitoringCapabilityConfig = r16monitoringcapability for an active DL BWP of a serving cell corresponding to carrier indicator field value  are given by 
[image: ]
where
for any CSS, ;
for a USS,  if PDCCHMonitoringCapabilityConfig = r15monitoringcapability,  if PDCCHMonitoringCapabilityConfig = r16monitoringcapability, ,  for ,  for ,  for , and ;
*** Unchanged text is omitted ***




Proposal 4: Capture in Clause 10.1 of TS 38.213 v16.2.0 that a UE configured for Rel-16 PDCCH monitoring or for detection of DCI format 2_4 is expected to be able to monitor PDCCH within a slot for 30 kHz SCS.

	*** Unchanged text is omitted ***
If the monitoringSymbolsWithinSlot for a search space set indicates to a UE to monitor PDCCH in a subset of up to three consecutive symbols that are same in every slot where the UE monitors PDCCH for all search space sets, the UE does not expect to be configured with a PDCCH SCS other than 15 kHz, or other than 15 kHz or 30 kHz if the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability for the downlink cell of the PDCCH reception or if the UE is provided dci-Format2-4 for the search space set, if the subset includes at least one symbol after the third symbol. 
*** Unchanged text is omitted ***




Proposal 5: Update TS 38.213 v16.2.0 in Clause 10 as follows.

	*** Unchanged text is omitted ***
For monitoring of a PDCCH candidate by a UE in a slot or in a span, if the UE
-	has received ssb-PositionsInBurst in SIB1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
-	does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and 
-	at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SIB1, 
the UE is not required to monitor the PDCCH candidate.
For monitoring of a PDCCH candidate by a UE in a slot, if the UE
-	has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell, and
-	does not monitor PDCCH candidates in a Type0-PDCCH CSS set, and 
-	at least one RE for a PDCCH candidate overlaps with at least one RE of a candidate SS/PBCH block corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, 
the UE is not required to monitor the PDCCH candidate.
If a UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure described in Clause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell. 
If at least one RE of a PDCCH candidate for a UE on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, or of LTE-CRS-PatternList-r16, the UE is not required to monitor the PDCCH candidate.
If a UE is provided availableRB-SetPerCell-r16, the UE is not required to monitor PDCCH candidates that overlap with any RB from RB sets that are indicated as unavailable for receptions by DCI format 2_0 as described in Clause 11.1.1.
*** Unchanged text is omitted ***




Proposal 6: Update TS 38.213 v16.2.0 in Clause 10.1 as follows.

	*** Unchanged text is omitted ***
For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats 1_0 or 1_1 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 0_0 or 0_1 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. 
*** Unchanged text is omitted ***
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