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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#101-e meeting, the remaining issues of PDCCH enhancements for NR URLLC were discussed and most of them could be settled with the agreements reached in [1]. In this contribution, we discuss one remaining issue regarding the DCI size alignment and also propose miscellaneous corrections to the current specifications.
[bookmark: _Ref129681832]Corrections on TS 38.212 on DCI size alignment 
In the previous meeting, a further extension of the DCI size alignment due to the introduction of DCI format 0_2/1_2 has been discussed [2] and the agreement shown below was achieved.
	Agreement
· A UE is not expected to monitor a first decoding candidate with DCI format 0_0/1_0  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_0/1_0 and 0_2/1_2 have the same size.  
· A UE is not expected to monitor a first decoding candidate with DCI format 0_1/1_1  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_1/1_1 and 0_2/1_2 have the same size.



According to this agreement, the spec is still incomplete since the second bullet of the above agreement is not captured yet. Actually, when the sizes of DCI format 0_1 and DCI format 1_2 are the same, there is no ambiguity issue since the “Identifier for DCI format” field in DCI formats can be used to differentiate UL and DL DCI formats from each other. Similarly, the “Identifier for DCI format” field can also be used to distinguish the DCI format 1_1 form DCI format 0_2 when the sizes of those two DCI formats are the same. Furthermore, to enforce different DCI sizes may lead to an unnecessary increase of the total number of distinguished DCI sizes, i.e. if DCI format 0_1 or 1_1 is required to have a different size than DCI format 1_2 or 0_2, respectively. This will then also make it more difficult for the gNB to meet the DCI size budget constraint.
Proposal 1: Adopt the following TP for section 7.3.1.0 in TS 38.212.
	[bookmark: _Toc19798773][bookmark: _Toc26467244][bookmark: _Toc29326605][bookmark: _Toc29327755][bookmark: _Toc36045945][bookmark: _Toc36046205][bookmark: _Toc36046351]7.3.1.0	DCI size alignment
*** Unchanged text is omitted ***
The UE is not expected to handle a configuration that, after applying the above steps, results in
-	the total number of different DCI sizes configured to monitor is more than 4 for the cell; or
-	the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell; or
-	the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_1 in another UE-specific search space; or
-	the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_1 in another UE-specific search space; or
-	the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_2 in another UE-specific search space; or
-	the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific search space. ; or
-	the size of DCI format 0_2 in a UE-specific search space is equal to DCI format 0_1 in the same or another UE-specific search space; or
-	the size of DCI format 1_2 in a UE-specific search space is equal to DCI format 1_1 in the same or another UE-specific search space.
*** Unchanged text is omitted ***



Corrections on TS 38.213 
Corrections on higher layer parameter
In Rel-16, a new higher layer parameter is introduced to configure the UE behaviour for PDCCH monitoring on a scheduling cell.  It describes whether the CCE/PDCCH candidate limits shall be applied per slot or per span, captured as “r15monitoringcapability” or as “r16monitoringcapability” in “monitoringCapabilityConfig-r16” in TS 38.331-g00 [3]. However, in section 10 of 38.213 [4], different names are used for the same parameter. Therefore, we propose to change the parameter naming in 38.213 to make it consistent with 38.331.
Proposal 2:  Adopt the TP below for 38.213 to make the parameter naming consistent between TS 38.331 and TS 38.213.
	10.1	UE procedure for determining physical downlink control channel assignment
*** Unchanged text is omitted ***
For same cell scheduling or for cross-carrier scheduling, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot or per span on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span, respectively. If a UE is provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig = r16monitoringcapability for the primary cell, except the first span of each slot, the UE does not expect a number of PDCCH candidates and a number of corresponding non-overlapped CCEs per span on the primary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the primary cell per span.
*** Unchanged text is omitted ***
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration  in a slot if the UE is not provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig = r15monitoringcapability for the primary cell, or in the first span of each slot  if the UE is provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig = r16monitoringcapability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided CORESETPoolIndex with value 0 for first CORESETs, and is provided CORESETPoolIndex with value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring. In the following pseudocode, if the UE is provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig = r16monitoringcapability for the primary cell,and are replaced by and  respectively, and and are replaced by and  respectively.
*** Unchanged text is omitted ***
If a UE is not provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig, and
-	is not configured for NR-DC operation and indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for [image: ] downlink cells and the UE is configured with [image: ] downlink cells or [image: ] uplink cells, or
-	is configured with NR-DC operation and for a cell group with [image: ] downlink cells or [image: ] uplink cells
*** Unchanged text is omitted ***



Corrections on type 2 HARQ-ACK codebook construction related to DAI 
In Rel-16 for the type II HARQ-ACK codebook, OAck is derived according to. The value of  is obtained according to the following pseudo-code [4]:
	Set [image: ] – PDCCH with DCI format scheduling PDSCH reception or SPS PDSCH release monitoring occasion index: lower index corresponds to earlier PDCCH monitoring occasion
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ]
Set [image: ] to the number of serving cells configured by higher layers for the UE
-	if, for an active DL BWP of a serving cell, the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, the serving cell is counted two times where the first time corresponds to the first CORESETs and the second time corresponds to the second CORESETs
Set [image: ] to the number of PDCCH monitoring occasion(s)
while [image: ]
Set [image: ] – serving cell index: lower indexes correspond to lower RRC indexes of corresponding cell
while [image: ]
if PDCCH monitoring occasion [image: ] is before an active DL BWP change on serving cell [image: ] or an active UL BWP change on the PCell and an active DL BWP change is not triggered in PDCCH monitoring occasion [image: ] 
[image: ];
else
if there is a PDSCH on serving cell [image: ] associated with PDCCH in PDCCH monitoring occasion [image: ], or there is a PDCCH indicating SPS PDSCH release on serving cell [image: ] 
if [image: ]
[image: ]
end if
[image: ]
if [image: ]
[image: ]
else 
[image: ]
end if
if harq-ACK-SpatialBundlingPUCCH is not provided and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks for at least one configured DL BWP of at least one serving cell,
 = HARQ-ACK information bit corresponding to the first transport block of this cell
 = HARQ-ACK information bit corresponding to the second transport block of this cell

elseif harq-ACK-SpatialBundlingPUCCH is provided to the UE and [image: ] is a monitoring occasion for PDCCH with a DCI format that supports PDSCH reception with two transport blocks and the UE is configured by maxNrofCodeWordsScheduledByDCI with reception of two transport blocks in at least one configured DL BWP of a serving cell,
 = binary AND operation of the HARQ-ACK information bits corresponding to the first and second transport blocks of this cell

else
 = HARQ-ACK information bit of this cell

end if 
end if
[image: ]
end if
end while
[image: ]
end while
if [image: ]
[image: ]
end if
…



However, there will be some issue with the text highlight in yellow above. Take the case shown in Table 1 as an example, where the gNB sends 3 DL DCIs with 1-bit counter DAI in three monitoring occasions and one UL grant with 2-bit UL DAI=3. If there is no missed DCI in the given example, then both gNB and the UE will have the same understanding about the codebook size, i.e. OAck = 3. However, if the DL DCI in MO#3 is missed, based on the value in Table 1 and the pseudo code highlighted in yellow above, the value of j is still equal to 0, which will result in OAck = 1 according to the equation   for type 2 HARQ-ACK codebook construction.  The reason for this problem is that the yellow-marked pseudo-code “” will not update the value of  in this case, because  is not smaller than  in this case because of the different number of bits that are used for counter DAI and total DAI. 
[bookmark: _Ref46487614][bookmark: _Ref45284022]Table 1 - Last DCI is missed (2-bits UL DAI and 1-bit counter DAI)
	
	MO#1
	MO#2
	MO#3
	UL grant

	
	cDAI=1
	cDAI=2
	cDAI=1
	UL DAI=3

	[bookmark: OLE_LINK1]Correct value of  assuming no missed DCI 
	0
	0
	1
	

	Value of j according to the pseudo code in the spec if DCI in MO#3 is missed
	0
	0
	
	



Note that when no DCI is missed or one DCI but not the last one is missed, then there is no problem as shown in table 2 below.
Table 2 - No DCI or one DCI but not the last one is missed (2-bits UL DAI and 1-bit counter DAI)
	
	MO#1
	MO#2
	MO#3
	UL grant

	
	cDAI=1
	cDAI=2
	cDAI=1
	UL DAI=3

	Correct value of  assuming no missed DCI
	0
	0
	1
	

	Value of j according to pseudo code in the spec if DCI in MO#1 is missed
	
	0
	1
	

	Value of j according to pseudo code in the spec if DCI in MO#2 is missed
	0
	
	1
	



To solve this issue, we propose to change the yellow pseudo-code to “”. Then the value of  will be updated correctly even if the DCI in MO#3 is missed.
Proposal 3: Change the pseudo-code “” to “” in section 9.1.3.1 of 38.213. Endorse the TP below.
	9.1.3.1    Type-2 HARQ-ACK codebook in physical uplink control channel
***Unchanged text is omitted***
if 
[image: ]
end if
***Unchanged text is omitted***



Note that for the legacy Rel-15 case that the number of bits for counter DAI is 2, then  and   in this case, so this TP would have no impact to the legacy.

Conclusions
In the contribution we discuss corrections for enhanced PDCCH monitoring.
Proposal 1: Adopt the following TP for section 7.3.1.0 in TS 38.212.
	7.3.1.0	DCI size alignment
*** Unchanged text is omitted ***
The UE is not expected to handle a configuration that, after applying the above steps, results in
-	the total number of different DCI sizes configured to monitor is more than 4 for the cell; or
-	the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell; or
-	the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_1 in another UE-specific search space; or
-	the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_1 in another UE-specific search space; or
-	the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_2 in another UE-specific search space; or
-	the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific search space. ; or
-	the size of DCI format 0_2 in a UE-specific search space is equal to DCI format 0_1 in the same or another UE-specific search space; or
-	the size of DCI format 1_2 in a UE-specific search space is equal to DCI format 1_1 in the same or another UE-specific search space.

*** Unchanged text is omitted ***



Proposal 2:  Adopt the TP below for 38.213 to make the parameter naming consistent between TS 38.331 and TS 38.213.
	10.1	UE procedure for determining physical downlink control channel assignment
*** Unchanged text is omitted ***
For same cell scheduling or for cross-carrier scheduling, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot or per span on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span, respectively. If a UE is provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig  = r16monitoringcapability for the primary cell, except the first span of each slot, the UE does not expect a number of PDCCH candidates and a number of corresponding non-overlapped CCEs per span on the primary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the primary cell per span.
*** Unchanged text is omitted ***
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration  in a slot if the UE is not provided monitoringCapabilityConfig-r16monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig  = r15monitoringcapability for the primary cell, or in the first span of each slot  if the UE is provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig  = r16monitoringcapability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided CORESETPoolIndex with value 0 for first CORESETs, and is provided CORESETPoolIndex with value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring. In the following pseudocode, if the UE is provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig = r16monitoringcapability for the primary cell,and are replaced by and  respectively, and and are replaced by and  respectively.
*** Unchanged text is omitted ***
If a UE is not provided monitoringCapabilityConfig-r16PDCCHMonitoringCapabilityConfig, and
-	is not configured for NR-DC operation and indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for [image: ] downlink cells and the UE is configured with [image: ] downlink cells or [image: ] uplink cells, or
-	is configured with NR-DC operation and for a cell group with [image: ] downlink cells or [image: ] uplink cells
*** Unchanged text is omitted ***



Proposal 3: Change the pseudo-code “” to “” in section 9.1.3.1 of 38.213. Endorse the TP below.
	9.1.3.1    Type-2 HARQ-ACK codebook in physical uplink control channel
***Unchanged text is omitted***
if 
[image: ]
end if
***Unchanged text is omitted***
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