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Introduction
This contribution focuses on open issues on the DL control signaling design for the completion of the Rel-16 URLLC specifications considering the guidance and the limitations of the e-meeting. 


Remaining issues on DL control for URLLC
“Aligned” and “unaligned” spans
The following is currently captured in [1] for TS 38.213.

	If a UE is configured only with  downlink cells using Rel-16 PDCCH monitoring capability, and with  of the  downlink cells using combination  for PDCCH monitoring, and having active DL BWPs using SCS configuration , 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 span on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination , 
-	TBD, otherwise 
where  is a number of configured cells using Rel-16 PDCCH monitoring capability with SCS configuration . If a UE is configured with downlink cells using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability,  is replaced by .



Some optimizations may be possible if “the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination ” does not hold (i.e. for the TBD in the text above). However, as CA is not a typical use-case for Rel-16 (span-based) PDCCH monitoring and as “unaligned” spans across cells is a further atypical configuration, reverting to Rel-15 operation is preferred to avoid introducing additional mechanisms to address “unaligned” spans and to maintain operational simplicity, especially if the end result is slot-based partitioning of PDCCH candidates/non-overlapping CCEs. In other words, if a configuration of search space sets in one or more cells would result to “unaligned” spans, the UE expects to be configured for Rel-15 PDCCH monitoring on those cells. This also avoids one cell with combination  resulting to unaligned spans for all cells with combination  for a same SCS. 

Proposal 1: Update the specification text in [1] as follows to address the TBD

	If a UE is configured only with  downlink cells using Rel-16 PDCCH monitoring capability, and with  of the  downlink cells using combination  for PDCCH monitoring, and having active DL BWPs using SCS configuration , 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 
-	expects that the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination , and
-	is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per span on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination , 
-	TBD, otherwise 
where  is a number of configured cells using Rel-16 PDCCH monitoring capability with SCS configuration . If a UE is configured with downlink cells using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability,  is replaced by .



[bookmark: _Hlk23024772]It was previously proposed (e.g. [2]), together with a corresponding TP, to extend the expressions for the partition of PDCCH candidates and non-overlapping CCEs to multi-TRP operation since URLLC is one of the main use cases for multi-TRP in Rel-16. For brevity, the TP is not repeated here as it is a direct extension of the current specifications for slot-based/Rel-15 PDCCH monitoring to span-based/Rel-16 PDCCH monitoring. The only aspect to resolve is whether to define separate RRC parameters/UE capability for Rel-16 PDCCH monitoring (UE capability for the factor R and BDFactorR) or to assume that a same reported UE capability and BDFactorR are applicable to both Rel-15 and Rel-16 PDCCH monitoring. 

Proposal 2: Capture multi-TRP operation for Rel-16 PDCCH monitoring.


Order between determination of  combination and span duration
One aspect identified during the email discussion from RAN1#100bis-e is the determination for the order of the following two operations:

Operation 1 (determination of span duration)
	The duration of a span is , where  is a maximum duration among durations of CORESETs that are configured to the UE and  is a minimum value of  in the combinations of  that are reported by the UE. A last span in a slot can have a shorter duration than other spans in the slot. 



Operation 2 (determination of  combination)
	If the 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 two or more of the multiple combinations , the UE is expected to monitor PDCCH on the cell according to the combination  associated with the largest maximum number of  and .



Given the supported  combinations, the ordering for “Operation 1” and “Operation 2” needs to be clarified when  or . Clearly, if  and if search space sets are not misconfigured, a separation of every two consecutive PDCCH monitoring spans should be at least  symbols and then it does not matter which of the above operations is performed first. 

For  or , if “Operation 1” is performed first and if the UE reports , then . Then, assuming that  in “Operation 2”, only  is possible even if the configuration of search space sets allows for e.g. . However, such an event could in principle be avoided by the network by not configuring  or  if the search space configuration is such that it could result to e.g. . However, this is an unnecessary restriction and can have other side effects such as reduced coverage. If “Operation 2” is performed first, then if the result is  or ,  regardless of  or . If the result is , then  regardless of  or  as  would be a misconfiguration for . Therefore, if “Operation 2” is performed first,   is irrelevant. Overall, there is less specification ambiguity and there is no network restriction if “Operation 2” is performed first. Then, the Rel-15 component of  is unnecessary for Rel-16 PDCCH monitoring and the specifications can be simplified since the duration of a span is the value of  resulting from “Operation 2”. 

Observation 1: If a UE first determines a combination  for PDCCH monitoring as the combination resulting to a separation of every two consecutive PDCCH monitoring spans that is at least  and has the largest maximum number of  and , the duration of a span is . 

Proposal 3: Update the following text in [1] as
	If a UE monitors PDCCH on a cell according to combination , Tthe duration of a span is , where  is a maximum duration among durations of CORESETs that are configured to the UE and  is a minimum value of  in the combinations of  that are reported by the UE. A last span in a slot can have a shorter duration than other spans in the slot. 




Last span in a slot can have shorter duration
Another issue is the following statement that was inherited from FG 3-5b in Rel-15.
	A last span in a slot can have a shorter duration than other spans in the slot. 



The above may be beneficial for example as it allows for  PDCCH monitoring to start at the beginning of a slot and have  at the 13th symbol of the slot. However, in that case, the following statement is not applicable for the “including across slots”. 
	The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots.



Proposal 4: RAN1 to clarify when and how both following statements are applicable. If no such case, remove the second statement from the specifications as otherwise the UE behavior is ambiguous.
	The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots.


and
	A last span in a slot can have a shorter duration than other spans in the slot. 




Determination of combination 

The following is captured in [1] for a UE to determine the (X, Y) combination for PDCCH monitoring in case the UE declares support for multiple (X, Y) combinations.

	If the 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 two or more of the multiple combinations , the UE is expected to monitor PDCCH on the cell according to the combination  associated with the largest maximum number of  and .



The UE behavior is not defined for the case that a configuration of search space sets for PDCCH monitoring results to a separation of every two consecutive PDCCH monitoring spans that is equal to or larger than the value of  for only one of the multiple combinations . This is a trivial issue (it is understood that the UE monitors PDCCH on the cell according to that one combination ), but the specifications are actually incomplete as the UE behavior is not defined. 

Proposal 5: Update [1] as follows to complete the description of the UE behavior for determining a combination (X, Y) for PDCCH monitoring.

	If the 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 onetwo or more combinations  of the multiple combinations , the UE is expected to monitor PDCCH on the cell according to the combination  from the one or more combinations  associated with the largest maximum number of  and .




DCI format related issues
A few aspects relating to DCI formats were identified and/or discussed in RAN1#100-e including the following.

a) Need for specification support to distinguish DCI formats 0_2/1_2 from DCI formats 0_0/1_0

Nearly all fields of DCI formats 0_2/1_2 are configurable. A network can always choose a size of one (or more) of the fields such that a size of DCI formats 0_2/1_2 is different than a size of DCI formats 0_0/1_0. The network can do so while getting improved performance (e.g. RV field of 1 bit instead of 0 bits) and/or with/without using the increased functionality (e.g. TDRA field of 3 bits instead of 2 bits and it is up to the NW whether or not to use the additional entries). In any case, implementation mechanisms are always preferable to introducing a (useless) padding bit and any specification support is unnecessary.

Observation 2: There is no need to specify any mechanism to distinguish DCI formats 0_2/1_2 and DCI formats 0_0/1_0.


b) Mapping of 1 RV bit to RV values

It was identified in RAN1#100-e that, in case of an RV field with 1 bit, the values map to 0 and 3 instead of 0 and 2. Although simple to fix, this issue was deprioritized from the email discussions [2]. Clearly, as the objective is to increase data rates and, unlike CG-PUSCH, there is no point for self-decodable retransmissions, the values should be 0 and 2 and not 0 and 3. A same conclusion was reached in NR-U where the RV field of 1 bit maps to values of 0 and 2.

Proposal 6: Correct the mapping for the RV field with 1 bit from 0 and 3 to 0 and 2 for DCI formats 0_2/1_2.


Conclusions
This contribution considered open issues related to DL control signaling for Rel-16 URLLC and proposes the following.

Proposal 1: Update the specification text in [1] as follows to address the TBD

	If a UE is configured only with  downlink cells using Rel-16 PDCCH monitoring capability, and with  of the  downlink cells using combination  for PDCCH monitoring, and having active DL BWPs using SCS configuration , 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 
-	expects that the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination , and
-	is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per span on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination , 
-	TBD, otherwise 
where  is a number of configured cells using Rel-16 PDCCH monitoring capability with SCS configuration . If a UE is configured with downlink cells using both Rel-15 PDCCH monitoring capability and Rel-16 PDCCH monitoring capability,  is replaced by .



Proposal 2: Capture multi-TRP operation for Rel-16 PDCCH monitoring.

Proposal 3: Update the following text in [1] as
	If a UE monitors PDCCH on a cell according to combination , Tthe duration of a span is , where  is a maximum duration among durations of CORESETs that are configured to the UE and  is a minimum value of  in the combinations of  that are reported by the UE. A last span in a slot can have a shorter duration than other spans in the slot. 




Proposal 4: RAN1 to clarify when and how both following statements are applicable. If no such case, remove the second statement from the specifications as otherwise the UE behavior is ambiguous.
	The UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of X symbols between the first symbol of two consecutive spans, including across slots.


and
	A last span in a slot can have a shorter duration than other spans in the slot. 




Proposal 5: Update [1] as follows to complete the description of the UE behavior for determining a combination (X, Y) for PDCCH monitoring.

	If the 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 onetwo or more combinations  of the multiple combinations , the UE is expected to monitor PDCCH on the cell according to the combination  from the one or more combinations  associated with the largest maximum number of  and .




Proposal 6: Correct the mapping for the RV field with 1 bit from 0 and 3 to 0 and 2 for DCI formats 0_2/1_2.


In addition, the following observations are made. 
Observation 1: If a UE first determines a combination  for PDCCH monitoring as the combination resulting to a separation of every two consecutive PDCCH monitoring spans that is at least  and has the largest maximum number of  and , the duration of a span is . 

Observation 2: There is no need to specify any mechanism to distinguish DCI formats 0_2/1_2 and DCI formats 0_0/1_0.
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