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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#102-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 focus on three remainders which are not completely resolved. The first one is about the PDCCH monitoring span locations in different slots, the second issue is about the calculation of M_total and C_total for the Rel-15 cells in case of CA when mixed PDCCH monitoring is configured. And the last issue is a correction of the specification related to the HARQ-ACK codebook construction and the DAI.
[bookmark: _Ref129681832]Corrections on TS 38.213  
PDCCH monitoring spans in different slots 
The email discussion from the previous meeting [2] addressed if a combination (X, Y) could be time varying across slots and a corresponding TP [3] was endorsed for TS38.213, stating that the same combination (X, Y) shall apply for every slot in a given cell. 
However, from the endorsed TP it cannot unambiguously concluded if the same span locations should apply in each slot. According to the span definition in the current specification, the span duration for a given combination (X, Y) can be changeable based on the actual PDCCH monitoring occasions, and also, the span locations for the same combination (X, Y) may not be fixed between slots. For example as illustrated in Figure 1, for a given combination (4, 3), even if (4, 3) does apply to slot “i” and to slot “i+1”, the span locations are different in the two slots. 

[bookmark: _Ref52374489]
Figure 1. Different span locations for the same combination (4, 3) across slots

According to the discussion from the last meeting, a concern has been raised that the alignment across spans of multiple serving cells may become varying on a slot-by-slot basis, when span locations could change across slots. In our view, that would mean that the UE would need to check every slot whether the spans in the different CCs are aligned or not-aligned, and then switch the PDCCH monitoring behavior based on the result of this assessment. This will increase power/cost and UE implementation complexity. Therefore, it is not desirable for the UE implementation to perform assessment of aligned/unaligned-spans slot-by-slot.
Proposal 1:  For carrier aggregation, the UE assessment whether spans are aligned or unaligned across CCs should not need to be performed on a slot-by-slot basis.

Corrections on PDCCH monitoring for carrier aggregation 
For carrier aggregation (CA) with Case 3, where a UE is configured with Rel-15 PDCCH monitoring capability for some DL cells and Rel-16 PDCCH monitoring capability for other cells, and if the UE reports more than one combination of pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 as UE capability, then the gNB configures the UE with one combination of pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 in order to distribute the PDCCH monitoring capability across DL cells. The corresponding agreement was achieved in the RAN1#100bis-e meeting:
	Agreements:
For the case with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells (i.e. case 3), UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16) as UE capability.
· If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16),
· gNB configure which combination for UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability



In this case, the total number of monitored PDCCH candidates or non-overlapped CCEs is derived separately for DL cells with Rel-15 slot-based monitoring capability and for DL cells with Rel-16 span-based monitoring capability by using the existing Rel-15 formula and the new Rel-16 formula. In our view, the description how to use the Rel-15 formula is not correct for the case of mixed PDCCH monitoring and should be revised.
In the current specification,  in the formula for the DL cells with Rel-16 span-based monitoring capability is correctly replaced by  , which reflects the reference number of Rel-16 cells for the case of mixed PDCCH monitoring. However, the corresponding replacement of  with , in the Rel-15 formulas is still missing. We therefore propose to adopt the following TP:
Proposal 2:  Adopt the following TP for section 10.1 in TS 38.213.
	10.1 UE procedure for determining physical downlink control channel assignment
*** 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, 
-	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, where  is replaced by , if a UE is not provided CORESETPoolIndex and configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability.
*** 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 is an issue with the text highlighted in yellow above. Consider for example the case shown in Table 1, 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 the 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
	
	



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. The corresponding TP is below.
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***



In last meeting, this TP was discussed and has also been captured in the FL summary [5]. The problem was generally acknowledged. But it was commented by one company that instead of adopting the above TP, the gNB could reserve the MSB in the UL DAI.  That is, the gNB would then only use the LSB from the UL DAI. That means that the possible values of the UL DAI would be restricted as they only could become 1 or 2, instead of 1, 2, 3 or 4. Also this solution requires a specification change, it needs to add another table in which “(X-1) mod 4” in table 9.1.3.2 is changed to “(X-1) mod 2” so that both the gNB and the UE would align with the value of X. Which table to use would then depend on the configuration of the counter DAI and of the UL DAI. Furthermore, the type 2 HARQ-ACK codebook size  needs also to change to the legacy number . In our view, the specification impact of such a solution is larger than for the proposed TP and is not preferred.
Table 9.1.3-2: Value of DAI 
	DAI
MSB, LSB
	[image: ] 
	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release or DCI format 1_1 indicating SCell dormancy is present, denoted as [image: ] and [image: ]

	0,0
	1
	[image: ]

	0,1
	2
	[image: ]

	1,0
	3
	[image: ]

	1,1
	4
	[image: ]



During the last meeting, it was also discussed how to deal with the case when 3 DCIs are missed. However, such a situation is in our understanding not applicable to the problem that is discussed here. A 1-bit counter DAI has two values i.e. ‘1’ or ‘2’, so it can only recover 1 missed DCI. For example, if the UE received two consecutive counter DAIs with the same value of “1”, then the UE knows that one DCI with the DAI value of ‘2’ has been missed between the two received DCIs. If 2 DCIs are missed, then with a 1-bit counter DCI such an error could not be recovered, since the UE cannot identify the location of NACK corresponding to these 2 missed DCIs in the type 2 codebook. This is the case even if the UE would know the number of missed DCIs from the UL DAI value, since the UE cannot retrieve the correct location in the codebook. Therefore, when a 1-bit counter DAI is configured, it is not possible to recover 3 missed DCIs case.
 
Conclusions
In the contribution we discuss corrections for enhanced PDCCH monitoring.
Proposal 1: For carrier aggregation, the UE assessment whether spans are aligned or unaligned across CCs should not need to be performed on a slot-by-slot basis.
Proposal 2:  Adopt the following TP for section 10.1 in TS 38.213.
	10.1 UE procedure for determining physical downlink control channel assignment
*** 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, 
-	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, where  is replaced by , if a UE is not provided CORESETPoolIndex and is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability.
*** 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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