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[bookmark: _Ref521334010]Introduction
At RAN1#100 e-meeting, we had extensive discussions on the remaining issues. It’s good to see all the issues related to RRC parameter have been fixed. However, the other issues, such as DCI payload size alignment, per-span PDCCH overbooking and dropping and how to define the aligned/unaligned span, were postponed to this meeting as divergent views were raised and no consensus can be achieved. In this contribution, we provide our views on the remaining issues which are still open.
Remaining issues for new DCI formats
At RAN1#99 meeting, the following working assumption was achieved:
Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)















It should be noticed that it has been agreed that a DCI format can be used to schedule PDSCH with different HARQ-ACK priorities or PUSCH with different priorities. Correspondingly, the required bit width of the above bit fields may be unequal for different HARQ-ACK priorities or PUSCH with different priorities. It is straightforward to confirm the above working assumption. 

Proposal 1: Confirm the following working assumption:
Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)

As agreed during the previous meetings, most of the bit fields included in a new DCI format are configurable. In the other words, the payload size of a new DCI format can be smaller than or larger than or equal to that of a fallback DCI format. Although there is an identifier in each DCI format, it can only be used to indicate whether this DCI format is scheduling UL data or DL data.  Once the fallback DCI format and new DCI format has same payload size, UE cannot differentiate two different DCI formats and misunderstanding happens between gNB and UE. The same issue also exists in the case new DCI format and the non-fallback DCI format has the same size. In order to guarantee a common understanding between gNB and UE, a padding bit can be appended to the new DCI format once its payload size is equal to that of a legacy fallback DCI format. Similarly, a padding bit can also be appended to the non-fallback DCI format once its payload size is equal to that of a new DCI format.
It was argued that both non-fallback DCI formats and new DCI formats have full configurability. gNB could guarantee different DCI formats have different payload sizes and it is totally implementation issue. However, it should be noticed that we have specify the behavior in case non-fallback DCIs have same size as that of fallback DCI, i.e. one zero bit will be padding to the non-fallback DCI. The same logic can be straightly applied to the case we encounter in Rel-16. Secondly, the only thing gNB should consider when configures parameters to a UE is functionality. If gNB has to take the DCI payload alignment issue into account, it will significantly complicate gNB implementation as most of the bit fields in a DCI are configurable and related to a RRC parameter. The TP proposed in [1] could be a starting point.

Proposal 2: If a new DCI format has the same payload size as that of a fallback DCI format, one bit is appended to the new DCI format. If a non-fallback DCI format has the same payload size as that of a new DCI format, one bit is appended to the non-fallback DCI format. 

At last meeting, it was agreed to introduce an on-off indicator for the AP field in DCI format 0_2 and DCI format 1_2, which is shown below. 
Agreements:
Introduce independent RRC parameters AntennaPorts-FieldPresence-ForDCIFormat0_2 for DCI format 0_2 and AntennaPorts-FieldPresence-ForDCIFormat1_2 for DCI format 1_2.








The spirit is to afford more flexibility when AP field is zero while the at least one of DMRS configuration parameters is still provided, i.e. dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0-2, dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0-2, dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat1-2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat1-2. The UE behavior when AP is absent in a DCI format while the DMRS configuration parameters are provided is defined in TS38.212, i.e. antenna port(s) are defined assuming bit field index value 0 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23. However, the description is still missing in TS38.214 for UE DM-RS transmission procedure.
In order to address the above agreement and complete the specification, we provide the following text proposals for TS38.214.
6.2.2 UE DM-RS transmission procedure
The DM-RS transmission procedures for PUSCH scheduled by PDCCH with DCI format 0_1 described in this section equally apply to PUSCH scheduled by PDCCH with DCI format 0_2, by applying the parameters of dmrs-UplinkForPUSCH-MappingTypeA-ForDCI-Format0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCI-Format0_2 instead of dmrs-UplinkForPUSCH-MappingTypeA and dmrs-UplinkForPUSCH-MappingTypeB.
When transmitted PUSCH is neither scheduled by DCI format 0_1 0 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI, nor corresponding to a configured grant, nor being a PUSCH for Type-2 random access procedureor by RAR UL grant. , the UE shall use single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 0 and the remaining REs not used for DM-RS in the symbols are not used for any PUSCH transmission except for PUSCH with allocation duration of 2 or less OFDM symbols with transform precoding disabled, additional DM-RS can be transmitted according to the scheduling type and the PUSCH duration as specified in Table 6.4.1.1.3-3 of [4, TS38.211] for frequency hopping disabled and as specified in Table 6.4.1.1.3-6 of [4, TS38.211] for frequency hopping enabled, and 
< -----------------------text omitted----------------------->
< -----------------------to be continued----------------------->




















< -----------------------text omitted----------------------->
· and, the UE shall transmit a number of additional DM-RS as specified in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 in -Clause 6.4.1.1.3 of [4, TS 38.211].
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]A UE may be scheduled with a number of DM-RS ports by the antenna port index in DCI format 0_1 as described in Clause 7.3.1.1 of [5, TS 38.212].
If a UE transmitting PUSCH is configured with the higher layer parameter phaseTrackingRS in DMRS-UplinkConfig, the UE may assume that the following configurations are not occurring simultaneously for the transmitted PUSCH
< -----------------------text omitted----------------------->













[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 3: The UE DM-RS transmission procedure related to DCI format 0_2 is missed in TS 38.214. Adopt the text proposal to complete the specification.

Furthermore, we realize that the RRC parameter names denoted in TS38.212 is not aligned with the current TS38.331. We provide the text proposal to fix this issue.
[bookmark: _Toc29326609][bookmark: _Toc29327759][bookmark: _Toc36045949][bookmark: _Toc36046209][bookmark: _Toc36046355]7.3.1.1.3	Format 0_2
DCI format 0_2 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_2 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
-	Identifier for DCI formats – 1 bit
-	The value of this bit field is always set to 0, indicating an UL DCI format
-	Carrier indicator – 0, 1, 2 or 3 bits determined by higher layer parameter CarrierIndicatorSize-ForDCIFormat0_2carrierIndicatorSizeForDCI-format0-2-r16, as defined in Clause 10.1 of [5, TS38.213].
< ------------omitted text------------>
Frequency domain resource assignment – number of bits determined by the following:
-	 bits if only resource allocation type 0 is configured, where  is defined in Clause 6.1.2.2.1 of [6, TS 38.214]
-	 bits if only resource allocation type 1 is configured, or  bits if both resource allocation type 0 and 1 are configured, where   is the size of the active UL bandwidth part,  is defined as in clause 4.4.4.4 of [4, TS 38.211] and  is given by higher layer parameter resourceAllocationType1GranularityForDCI-Format1-2-r16ResourceAllocationType1-granularity-ForDCIFormat0_2. If the higher layer parameter resourceAllocationType1GranularityForDCI-Format1-2-r16ResourceAllocationType1-granularity-ForDCIFormat0_2 is not configured,  is equal to 1.
< ------------omitted text------------>
-	For resource allocation type 1, the  LSBs provide the resource allocation as follows:
-	For PUSCH hopping with resource allocation type 1:
-	MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS 38.214], where  if the higher layer parameter  frequencyHoppingOffsetListsForDCI-Format0-2-r16 frequencyHoppingOffsetLists-ForDCIFormat0_2 contains two offset values and if the higher layer parameter  frequencyHoppingOffsetListsForDCI-Format0-2-r16 frequencyHoppingOffsetLists-ForDCIFormat0_2 contains four offset values








































	 bits provides the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
< ------------omitted text------------>
-	Time domain resource assignment – 0, 1, 2, 3, 4, 5 or 6 bits as defined in Clause 6.1.2.1 of [6, TS38.214]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter pusch-TimeDomainAllocationListForDCI-Format0-2-r16PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2 if the higher layer parameter is configured, or I is the number of entries in the higher layer parameter PUSCH-TimeDomainResourceAllocationList if the higher layer parameter PUSCH-TimeDomainResourceAllocationList is configured and the higher layer parameter pusch-TimeDomainAllocationListForDCI-Format0-2-r16PUSCH-TimeDomainResourceAllocationList-ForDCIformat0_2 is not configured; otherwise I is the number of entries in the default table.
[bookmark: OLE_LINK70]-	Frequency hopping flag – 0 or 1 bit:
-	0 bit if the higher layer parameter frequencyHoppingForDCI-Format0-2-r16frequencyHopping-ForDCIFormat0_2 is not configured;
-	1 bit according to Table 7.3.1.1.1-3 otherwise, as defined in Clause 6.3 of [6, TS 38.214].
-	Modulation and coding scheme –5 bits as defined in Clause 6.1.4.1 of [6, TS 38.214]
-	New data indicator – 1 bit
-	Redundancy version – 0, 1 or 2 bits determined by higher layer parameter numberOfBitsForRV-ForDCI-Format0-2-r16NumberofbitsforRV-ForDCIFormat0_2
-	If 0 bit is configured, rvid to be applied is 0;
-	1 bit according to Table 7.3.1.2.3-1;
-	2 bits according to Table 7.3.1.1.1-2. 
-	HARQ process number – 0, 1, 2, 3 or 4 bits determined by higher layer parameter harq-ProcessNumberSizeForDCI-Format0-2-r16HARQProcessNumberSize-ForDCIFormat0_2
-	Downlink assignment index – 0, 1, 2 or 4 bits
-	0 bit if the higher layer parameter downlinkAssignmentIndexForDCI-Format0-2-r16Downlinkassignmentindex-ForDCIFormat0_2 is not configured;
-	1, 2 or 4 bits otherwise,
-	1st downlink assignment index – 1 or 2 bits:
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise.
< ------------omitted text------------>

























































< ------------omitted text------------>

SRS resource indicator – or bits, where  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter  srs-ResourceSetToAddModListForDCI-Format0-2-r16srs-ResourceSetToAddModList-ForDCIFormat0_2, and associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook', 

-	 bits according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter txConfig = nonCodebook, where  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList-ForDCIFormat0_2srs-ResourceSetToAddModListForDCI-Format0-2-r16 , and associated with the higher layer parameter usage of value 'nonCodeBook' and
-	if UE supports operation with maxMIMO-Layers-ForDCIFormat0_2 and the higher layer parameter maxMIMO-Layers-ForDCIFormat0_2 of PUSCH-ServingCellConfig of the serving cell is configured, Lmax is given by that parameter 
-	otherwise, Lmax is given by the maximum number of layers for PUSCH supported by the UE for the serving cell for non-codebook based operation.
-	bits according to Tables 7.3.1.1.2-32 if the higher layer parameter txConfig = codebook, where  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList-ForDCIFormat0_2srs-ResourceSetToAddModListForDCI-Format0-2-r16 , and associated with the higher layer parameter usage of value 'codeBook'.
-	Precoding information and number of layers – number of bits determined by the following: 
-	0 bits if the higher layer parameter txConfig = nonCodeBook;
-	0 bits for 1 antenna port and if the higher layer parameter txConfig = codebook;
-	4, 5, or 6 bits according to Table 7.3.1.1.2-2 for 4 antenna ports, if txConfig = codebook, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank-ForDCIFormat0_2maxRankForDCI-Format0-2-r16 , and codebookSubset-ForDCIFormat0_2codebookSubsetForDCI-Format0-2-r16 ;
-	2, 4, or 5 bits according to Table 7.3.1.1.2-3 for 4 antenna ports, if txConfig = codebook, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank-ForDCIFormat0_2maxRankForDCI-Format0-2-r16 , and codebookSubset-ForDCIFormat0_2codebookSubsetForDCI-Format0-2-r16 ;
-	2 or 4 bits according to Table7.3.1.1.2-4 for 2 antenna ports, if txConfig = codebook, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank-ForDCIFormat0_2maxRankForDCI-Format0-2-r16  and codebookSubset-ForDCIFormat0_2codebookSubsetForDCI-Format0-2-r16 ;
-	1 or 3 bits according to Table7.3.1.1.2-5 for 2 antenna ports, if txConfig = codebook, and according to whether transform precoder is enabled or disabled, and the values of higher layer parameters maxRank-ForDCIFormat0_2maxRankForDCI-Format0-2-r16  and codebookSubset-ForDCIFormat0_2codebookSubsetForDCI-Format0-2-r16 .
Antenna ports – number of bits determined by the following:
-	0 bit if higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat0_2 is not configured;
-	2, 3, 4, or 5 bits otherwise,
< ------------omitted text------------>


























































If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2 and is configured with AntennaPorts-FieldPresence-ForDCIFormat0_2, the bitwidth of this field equals , where   is the "Antenna ports" bitwidth derived according to dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and  is the "Antenna ports" bitwidth derived according to dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2. A number of zeros are padded in the MSB of this field, if the mapping type of the PUSCH corresponds to the smaller value of   and . 
If a UE is not configured with higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat0_2 but configured with one or more of dmrs-UplinkForPUSCH-MappingTypeA-ForDCI-Format0-2-r16dmrs-UplinkForPUSCH-MappingTypeA-ForDCIFormat0_2 and dmrs-UplinkForPUSCH-MappingTypeB-ForDCI-Format0-2-r16 dmrs-UplinkForPUSCH-MappingTypeB-ForDCIFormat0_2, antenna port(s) are defined assuming bit field index value 0 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23.
SRS request – 0, 1, 2 or 3 bits
-	0 bit if the higher layer parameter SRSRequest-ForDCIFormat0_2 is not configured;
-	1 bit as defined by Table 7.3.1.1.3-1 if higher layer parameter srs-RequestForDCI-Format0-2-r16SRSRequest-ForDCIFormat0_2 = 1 and for UEs not configured with supplementaryUplink in ServingCellConfig in the cell;  
-	2 bits if higher layer parameter srs-RequestForDCI-Format0-2-r16 SRSRequest-ForDCIFormat0_2 = 1 and for UEs configured with supplementaryUplink in ServingCellConfig in the cell, where the first bit is the non-SUL/SUL indicator as defined in Table 7.3.1.1.1-1 and the second bit is defined by Table 7.3.1.1.3-1; 
-	2 bits as defined by Table 7.3.1.1.2-24 if higher layer parameter SRSRequest-ForDCIFormat0_2 = 2 and for UEs not configured with supplementaryUplink in ServingCellConfig in the cell;  
-	3 bits if higher layer parameter SRSRequest-ForDCIFormat0_2 = 2 and for UEs configured with supplementaryUplink in ServingCellConfig in the cell, where the first bit is the non-SUL/SUL indicator as defined in Table 7.3.1.1.1-1 and the second and third bits are defined by Table 7.3.1.1.2-24; 
CSI request – 0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter reportTriggerSizeForDCI-Format0-2-r16reportTriggerSize-ForDCIFormat0_2.
PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured and transform precoder is disabled, or if transform precoder is enabled, or if maxRankForDCI-Format0-2-r16 maxRank-ForDCIFormat0_2=1;
-	2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) for transmission of one PT-RS port and two PT-RS ports respectively, and the DMRS ports are indicated by the Antenna ports field. 
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the "PTRS-DMRS association" field is present for the indicated bandwidth part but not present for the active bandwidth part, the UE assumes the "PTRS-DMRS association" field is not present for the indicated bandwidth part.
-	beta_offset indicator – 0 bit if the higher layer parameter betaOffsets = semiStatic; otherwise 1 bit if 2 offset indexes are configured by higher layer parameter dynamicForDCI-Format0-2-r16dynamic-ForDCIFormat0_2 as defined by Table 9.3-3A in [5, TS 38.213], and 2 bits if 4 offset indexes are configured by higher layer parameter dynamicForDCI-Format0-2-r16dynamic-ForDCIFormat0_2 as defined by Table 9.3-3 in [5, TS 38.213].
< ------------omitted text------------>

























































-	DMRS sequence initialization – 0 or 1 bit
-	0 bit if the higher layer parameter dmrs-SequenceInitializationForDCI-Format0-2-r16 DMRSsequenceinitialization-ForDCIFormat0_2 is not configured or if transform precoder is enabled;
[bookmark: OLE_LINK42]-	1 bit if transform precoder is disabled and the higher layer parameter dmrs-SequenceInitializationForDCI-Format0-2-r16DMRSsequenceinitialization-ForDCIFormat0_2 is configured.
-	UL-SCH indicator – 1 bit. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. [Except for DCI format 0_2 with CRC scrambled by SP-CSI-RNTI,] a UE is not expected to receive a DCI format 0_2 with UL-SCH indicator of "0" and CSI request of all zero(s).
Open-loop power control parameter set indication – 0 or 1 or 2 bits. 
-	0 bit if the higher layer parameter p0-PUSCH-SetList-r16P0-PUSCH-Set-List is not configured;
-	1 or 2 bits otherwise,
-	1 bit if SRS resource indicator is present in the DCI format 0_2;
-	1 or 2 bits as determined by higher layer parameter olpc-ParameterSetForDCI-Format0-2-r16OLPCParameterSet-ForDCIFormat0_2 if SRS resource indicator is not present in the DCI format 0_2;
-	Priority indicator – 0 bit if higher layer parameter priorityIndicatorForDCI-Format0-2-r16PriorityIndicator-ForDCIFormat0_2 is not configured; otherwise 1 bit as defined in Clause 9 in [5, TS 38.213].
-	Invalid symbol pattern indicator – 0 bit if higher layer parameter invalidSymbolPatternIndicatorForDCI-Format0-2-r16InvalidSymbolPatternIndicator-ForDCIFormat0_2 is not configured; otherwise 1 bit as defined in Clause 6.1.2.1 in [6, TS 38.214].
< -----------omitted text------>

























































7.3.1.2.3 Format 1_2
DCI format 1_2 is used for the scheduling of PDSCH in one cell. 
The following information is transmitted by means of the DCI format 1_2 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI: 
-	Identifier for DCI formats – 1 bits
-	The value of this bit field is always set to 1, indicating a DL DCI format.
-	Carrier indicator – 0, 1, 2 or 3 bits determined by higher layer parameter carrierIndicatorSizeForDCI-Format1-2-r16CarrierIndicatorSize-ForDCIFormat1_2, as defined in Clause 10.1 of [5, TS38.213].
< ---------------------omitted text----------------- >
Frequency domain resource assignment – number of bits determined by the following:
-	 bits if only resource allocation type 0 is configured, where  is defined in Clause 5.1.2.2.1 of [6, TS 38.214];
-	 bits if only resource allocation type 1 is configured, or  bits if both resource allocation type 0 and 1 are configured, where , is the size of the active DL bandwidth part, is defined as in clause 4.4.4.4 of [4, TS 38.211] and  is determined by higher layer parameter ResourceAllocationType1-granularity-ForDCIFormat1_2ResourceAllocationType1GranularityForDCI-Format1-2-r16 . If the higher layer parameter ResourceAllocationType1-granularity-ForDCIFormat1_2ResourceAllocationType1GranularityForDCI-Format1-2-r16  is not configured,  is equal to 1.
-	If both resource allocation type 0 and 1 are configured, the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 
-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Clause 5.1.2.2.1 of [6, TS 38.214].
-	For resource allocation type 1, the  LSBs provide the resource allocation as defined in Clause 5.1.2.2.2 of [6, TS 38.214]
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if both resource allocation type 0 and 1 are configured for the indicated bandwidth part, the UE assumes resource allocation type 0 for the indicated bandwidth part if the bitwidth of the "Frequency domain resource assignment" field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource assignment" field of the indicated bandwidth part.
-	Time domain resource assignment – 0, 1, 2, 3, or 4 bits as defined in Clause 5.1.2.1 of [6, TS 38.214]. The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer parameter pdsch-TimeDomainAllocationList-ForDCIFormat1_2 pdsch-TimeDomainAllocationListForDCI-Format1-2-r16 if the higher layer parameter is configured, or I is the number of entries in the higher layer parameter pdsch-TimeDomainAllocationList if the higher layer parameter pdsch-TimeDomainAllocationList is configured when the higher layer parameter pdsch-TimeDomainAllocationList-ForDCIFormat1_2 pdsch-TimeDomainAllocationListForDCI-Format1-2-r16 is not configured; otherwise I is the number of entries in the default table.
VRB-to-PRB mapping – 0 or 1 bit:
-	0 bit if the higher layer parameter vrb-ToPRB-InterleaverForDCI-Format1-2-r16 vrb-ToPRB-Interleaver-ForDCIFormat1_2 is not configured;
-	1 bit according to Table 7.3.1.2.2-5 otherwise, only applicable to resource allocation type 1, as defined in Clause 7.3.1.6 of [4, TS 38.211].


























































PRB bundling size indicator – 0 bit if the higher layer parameter prb-BundlingTypeForDCI-Format1-2-r16prb-BundlingType-ForDCIFormat1_2 is not configured or is set to 'static', or 1 bit if the higher layer parameter prb-BundlingTypeForDCI-Format1-2-r16 prb-BundlingType-ForDCIFormat1_2 is set to 'dynamic' according to Clause 5.1.2.3 of [6, TS 38.214].
-	Rate matching indicator – 0, 1, or 2 bits according to higher layer parameters rateMatchPatternGroup1ForDCI-Format1-2-r16 rateMatchPatternGroup1-ForDCIFormat1_2 and rateMatchPatternGroup2ForDCI-Format1-2-r16rateMatchPatternGroup2-ForDCIFormat1_2, where the MSB is used to indicate rateMatchPatternGroup1ForDCI-Format1-2-r16 rateMatchPatternGroup1-ForDCIFormat1_2 and the LSB is used to indicate rateMatchPatternGroup2ForDCI-Format1-2-r16 rateMatchPatternGroup2-ForDCIFormat1_2 when there are two groups.
-	ZP CSI-RS trigger – 0, 1, or 2 bits as defined in Clause 5.1.4.2 of [6, TS 38.214]. The bitwidth for this field is determined as  bits, where  is the number of aperiodic ZP CSI-RS resource sets configured by higher layer parameter aperiodicZP-CSI-RS-ResourceSetsToAddModListForDCI-Format1-2-r16aperiodic-ZP-CSI-RS-ResourceSetsToAddModList-ForDCIFormat1_2.
< ---------------------omitted text----------------- >
-	HARQ process number – 0, 1, 2, 3 or 4 bits determined by higher layer parameter harq-ProcessNumberSizeForDCI-Format1-2-r16HARQProcessNumberSize-ForDCIFormat1_2
	Downlink assignment index – 0, 1, 2 or 4 bits
[bookmark: OLE_LINK43]-	0 bit if the higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2DownlinkAssignmentIndexForDCI-Format1-2-r16 is not configured;
-	1, 2 or 4 bits determined by higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2DownlinkAssignmentIndexForDCI-Format1-2-r16  otherwise,
-	4 bits if more than one serving cell are configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI
-	1 or 2 bits if only one serving cell is configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 1 bit or 2 bits are the counter DAI.
< ---------------------omitted text----------------- >
-	PUCCH resource indicator – 0 or 1 or 2 or 3 bits determined by higher layer parameter  numberOfBitsForPUCCH-ResourceIndicatorForDCI-Format1-2-r16Numberofbits-forPUCCHresourceindicator-ForDCIFormat1_2
-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter  dl-DataToUL-ACK-ForDCI-Format1-2-r16dl-DataToUL-ACK-ForDCIFormat1_2.
When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the two HARQ-ACK codebooks are the same.


























































Antenna port(s) – 0, 4, 5, or 6 bits 
-	0 bit if higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat1_2 is not configured;
-	Otherwise 4, 5 or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4. If a UE is configured with both dmrs-DownlinkForPDSCH-MappingTypeAForDCI-Format1-2-r16 dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2dmrs-DownlinkForPDSCH-MappingTypeBForDCI-Format1-2-r16  and is configured with higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat1_2, the bitwidth of this field equals, where  is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeAForDCI-Format1-2-r16 dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and  is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2dmrs-DownlinkForPDSCH-MappingTypeBForDCI-Format1-2-r16 . A number of  zeros are padded in the MSB of this field, if the mapping type of the PDSCH corresponds to the smaller value of  and .
If a UE is not configured with higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat1_2 but configured with one or more of dmrs-DownlinkForPDSCH-MappingTypeAForDCI-Format1-2-r16 dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2dmrs-DownlinkForPDSCH-MappingTypeBForDCI-Format1-2-r16 , antenna port(s) are defined assuming bit field index value 0 in Tables 7.3.1.2.2-1/2/3/4.
-	Transmission configuration indication – 0 bit if higher layer parameter tci-PresentInDCI-ForDCIFormat1_2tci-PresentInDCI-ForDCI-Format1-2-r16 is not enabled; otherwise 1 or 2 or 3 bits determined by higher layer parameter tci-PresentInDCI-ForDCIFormat1_2tci-PresentInDCI-ForDCI-Format1-2-r16 as defined in Clause 5.1.5 of [6, TS38.214]. 
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part, 
-	if the higher layer parameter tci-PresentInDCI-ForDCIFormat1_2tci-PresentInDCI-ForDCI-Format1-2-r16 is not enabled for the CORESET used for the PDCCH carrying the DCI format 1_2,
-	the UE assumes tci-PresentInDCI-ForDCIFormat1_2tci-PresentInDCI-ForDCI-Format1-2-r16 is not enabled for all CORESETs in the indicated bandwidth part;
-	otherwise,
-	the UE assumes tci-PresentInDCI-ForDCIFormat1_2tci-PresentInDCI-ForDCI-Format1-2-r16 is enabled for all CORESETs in the indicated bandwidth part.
-	SRS request – 0, 1, 2 or 3 bits
-	0 bit if the higher layer parameter SRSRequest-ForDCIFormat1_2 is not configured;
-	1 bit as defined by Table 7.3.1.1.3-1 if the higher layer parameter srs-RequestForDCI-Format1-2-r16SRSRequest-ForDCIFormat1_2 = 1 and for UEs not configured with supplementaryUplink in ServingCellConfig in the cell;  
< ---------------------omitted text----------------- >
-	DMRS sequence initialization – 0 or 1 bit
-	0 bit if the higher layer parameter dmrs-SequenceInitializationForDCI-Format1-2-r16 DMRSsequenceinitialization-ForDCIFormat1_2 is not configured;
-	1 bit otherwise.
-	Priority indicator – 0 bit if higher layer parameter priorityIndicatorForDCI-Format1-2-r16 PriorityIndicator-ForDCIFormat1_2 is not configured; otherwise 1 bit as defined in Clause 9 in [5, TS 38.213].


























































Proposal 3: Adopt the text proposal to align the RRC parameter names between TS 38.331 and TS 38.212.
On enhanced PDCCH monitoring capability
Span definition
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]At RAN1#98 meeting, it was agreed to support (2,2) (4,3) (7,3) defined in UE feature 3-5b as the combination (X,Y) for Rel-16 PDCCH monitoring capability on the per-CC limit on the maximum number of non-overlapping CCEs for URLLC. Additional combinations (3,3) and (3,2) were raised to support 4 monitoring occasions within a slot. As pointed out in feature lead’s summary, 4 monitoring occasions can be achieved by either combination (4,3) or combination (2,2). There is no strong motivation to introduce such new combinations. At RAN1#99 meeting, we discussed the maximum number of non-overlapping CCEs for (2,2) (4,3) and (7,3) corresponding to 15 kHz and 30 kHz. The following agreements were achieved.
· The value of C for combination (7, 3) for 15 kHz and 30 kHz is 56.
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is [FFS]. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is [FFS]. 
· FFS: Different values for 15kHz and 30kHz





First of all, we don’t see the strong motivation to define different values for 15 kHz and 30 kHz. Considering the same value has already be adopted for combination (7,3) for both 15kHz and 30 kHz, the same principle should also be applied for the other combinations. Secondly, the maximum number of non-overlapping CCEs for a particular span should take the coexistence of different search spaces and the PDCCH blocking from the system perspective into account. We propose the values of C for combination (4,3)  and (2,2) for both 15 kHz and 30 kHz are 32 and 24 respectively.
Another open issue is whether the PDCCH monitoring capability enhancement is also applicable to 60 kHz and 120 kHz. Generally speaking, the motivation of PDCCH monitoring capability enhancement is to meet the 1ms end to end delay requirement.  In order to obtain a clear picture on how many MOs we need for 60 kHz,  we provide our worst-case latency analysis for completing a single-shot transmission  and two transmissions (including the initial transmission and the retransmission) using the NR Rel-15 N1/N2 capability #2 for FDD and 60kHz in Table 1. We assumed two cases for gNB processing time assumptions to model different assumptions on the base station load as follow where X=4 for 60kHz SCS, the detail assumptions are provided in[2].
· Case 1: Processing time for scheduling the initial PDSCH is N2/2 + X.
· Case 2: Processing time for scheduling the initial PDSCH is N2+X. 
[bookmark: _Ref534637169][bookmark: _Ref1129966]Table 1: Latency analysis under Rel-15 N1/N2 values (FDD)
	gNB proc time assumption
	SCS (kHz)
	# MO/slot
	TTI (OS)
	DL

	
	
	
	
	1 Tx (ms)
	2 Tx (ms)

	Case 1
	60
	4
	2
	0.46
	0.96

	
	
	
	4
	0.53
	1.1

	
	
	
	7
	0.63
	1.21

	
	
	7
	2
	0.42
	0.92

	
	
	
	4
	0.49
	1.03

	
	
	
	7
	0.6
	1.17

	Case 2
	60
	4
	2
	0.55
	1.05

	
	
	
	4
	0.63
	1.2

	
	
	
	7
	0.73
	1.3

	
	
	7
	2
	0.52
	1.02

	
	
	
	4
	0.59
	1.13

	
	
	
	7
	0.7
	1.27



It can be observed that even assuming gNB has a more advanced capability, i.e. case 1, at least 4 MOs are still necessary if 2 Tx is assumed. Correspondingly, there are at most 12 non-overlapping CCEs can be allocated for each MO in average which results in the situation that high reliability cannot be guaranteed. Hence we think enhanced PDCCH monitoring capability should be at least applied to 60 kHz.  On the other hand, the UE can process more non-overlapping CCEs, i.e. 24*7*2=336 with (2,2,24) span combination, within 1 ms for 30 kHz, while it is 48*4=192 for 60 kHz. Generally speaking, a UE stays on a BWP with higher SCS should have more advanced capability. There is no reason to limit the maximum number of non-overlapping CCEs for 60 kHz considering a larger number of non-overlapping CCEs has been already supported for 30 kHz.
Table 2: comparison on the maximum number of non-overlapping CCEs between 30 kHz and 60 kHz
	PDCCH monitoring capability
	Maximum number of  non-overlapping CCE per 1ms for 30 kHz
	Maximum number of  non-overlapping CCE per 1ms for 60 kHz

	Rel-15 PDCCH monitoring capability
	56*2=112
	48*4=192

	Rel-16 PDCCH monitoring capability
	24*7*2=336
	48*4=192



Considering reliability of URLLC PDCCH is a critical factor to achieve the overall reliability requirement for URLLC transmission, large aggregation level should be guaranteed for each span, i.e. AL 16. From this perspective, we propose the maximum number of non-overlapping CCEs within a span should be at least sufficient for one AL 16 PDCCH candidate. 
Based on the above analyses, we have the following proposal for the combination of (X,Y) and the corresponding M.
Proposal 5: Different maximum numbers of non-overlapping CCEs should be defined for each span within different (X,Y) combinations. The following table should be considered.
	
	SCS

	
	
	
	
	

	Combination(2,2)
	24
	24
	N/A
	N/A

	Combination(4,3)
	32
	32
	24
	N/A

	Combination(7,3)
	56
	56
	48
	N/A



Similarly, the maximum number of PDCCH candidates per span is also needed to be enhanced. Take 30 kHz SCS as example, the current maximum number of PDCCH candidates is defined per slot which is 36. If span combination (2,2) is supported, up to 5 PDCCH candidates are supported for each span. Considering there are at most 4 different payload sizes per slot, there is only less than two possible locations on average within a search space which can be used for each DCI format. It is too restrictive and will bring severely blockage issue. Hence we think we should at least guarantee there are two PDCCH candidates for DCI transmission in order to alleviate the blocking possibility. 

Proposal 6: Different maximum numbers of monitored PDCCH candidates should be defined for each span within different (X,Y) combinations. The following table should be considered.
	
	SCS

	
	
	
	
	

	Combination(2,2)
	12
	10
	N/A
	N/A

	Combination(4,3)
	22
	16
	10
	N/A

	Combination(7,3)
	44
	36
	20
	N/A



Overbooking rules
Different from the Rel-15 overbooking which is executed per slot, it was agreed that PDCCH dropping is performed in a span if needed at RAN1#99 meeting. It is quite straightforward that we can entirely apply the current pseudo code corresponding to PDCCH dropping in a slot to a span.  At RAN1#100 e-meeting, we extensively discussed in which span(s) PDCCH overbooking and dropping can happen. There are mainly three options on the table after a long discussion [3]:
· Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
o   Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
o   Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
o   Alt. 3: At most X span(s) with CSS present within a slot, including type-3 CSS 
  FFS: If the number of spans with CSS present within a slot is larger than X, then PDCCH overbooking/dropping is performed in the first X spans with CSS present
  For the value of X,
· Alt.3-1: X=2 
· Alt.3-2: X=1
· Alt.3-3: X is UE capability, the candidate value for X is {1, 2, FFS}  
· Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
o    Alt. 1: the value of X is 1
o   Alt. 2: X is UE capability, the candidate value for X is {1, 2, FFS}  
· Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. 















The major concern is the frequent CCE counting and calculating brought by spans within a slot will significantly increase the complexity at UE side. Option 3 has the smallest specification impact but more complexity.  Option 2 puts a restriction on the number of spans wherein PDCCH overbooking/dropping can be performed, despite of whether CSS is contained in the spans.  However, the search space configurations across different spans are typically different, i.e. the number of SS, the type of the SS can be diverse in different spans. If only one or two spans are supportive for PDCCH overbooking/dropping, gNB has to provide a conservative configuration in this span in order to avoid overbooking in another span where it is not allowed. Consequently, system performance will be jeopardized. One simple example is shown in Figure 1, wherein assuming CSS is configured on span#0 and span#3 while USS occurs in every span with span combination (2,2,24). Assuming the CSS occupies 16 CCEs and the USS is expected to occupy 24 CCEs which is the maximum number of non-overlapping CCEs for the span. 
If a UE is only allowed to perform PDCCH dropping in the first span, theoretically up to 24 CCEs can be configured to USS in order to achieve the best performance in the other spans. However, USS can only be configured with 8 CCEs as gNB has to guarantee the configured non-overlapping CCEs in span#3 does not exceed the per span limit. Consequently, the scheduling flexibility in the spans only with USS will be reduced as the configuration is far away below the capability.


Figure1: Example for different span patterns on different cells
Another argument is that a CSS can occur on any symbols within a slot. If we allowed PDCCH overbooking/dropping is only performed in a span with CSS present, it may be not helpful to reduce UE complexity. However, we don’t believe CSS is configured in every span is a typical case.  In over point of view, alternative under option 1 is a good compromise between scheduling flexibility and UE complexity.

Proposal 7: PDCCH overbooking and dropping are only performed in the span with CSS present, including type3 CSS.
PDCCH monitoring capability with CA 
In CA case, the total number of PDCCH candidates and non-overlapped CCEs across all configured cells that a UE can support is calculated per slot [4]. For URLLC, the maximum number of non-overlapped CCEs is defined per span at least for 15 kHz and 30 kHz in order to guarantee the low latency and high reliability. It is straightforward to reuse the similar mechanism in Rel-15 by taking the span into account. After several rounds discussion, two valuable scenarios were raised, i.e. aligned span and unaligned span. The major issue is how to define what aligned span and unaligned span is. In our opinion, aligned span is the case where same span patterns are configured across all the CCs in every slot and each span starts at the same symbol as the span on all the other CCs. The other cases are regarded as unaligned span.

Proposal 8: Clarify that aligned span is the case where same span pattern is configured across all the CCs in every slot and each span starts at the same symbol as the span on all the other CCs.

Based on the clarification above, we propose to confirm the working assumption achieved at the last meeting.

Proposal 9: Confirm the working assumption on the determination of total non-overlapping CCE and PDCCH candidates for configured CCs in aligned span case, which is attached in the appendix.

For unaligned span cases, we think the proposal proposed in [5] is workable with the clarification on aligned span and unaligned span. Hence we propose to accept the unaligned span case as agreement.

Proposal 10: Endorse the proposal related to unaligned span raised in [5].



Conclusion
This contribution discussed the remaining issues on PDCCH enhancements to adequately support Rel-16 URLLC use cases. Based on the discussion we have the following proposals:
Proposal 1: Confirm the following working assumption:
Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)

Proposal 2: If a new DCI format has the same payload size as that of a fallback DCI format, one bit is appended to the new DCI format. If a non-fallback DCI format has the same payload size as that of a new DCI format, one bit is appended to the non-fallback DCI format. 

Proposal 3: Adopt the text proposal in section 2 to align the RRC parameter names between TS38.331 and TS38.212.

Proposal 4: The UE DM-RS transmission procedure related to DCI format 0-2 is missed in TS38.214. Endorse the text proposal provided in section 2.

Proposal 5: Different maximum numbers of non-overlapping CCEs should be defined for each span within different (X,Y) combinations. The following table should be considered.
	
	SCS

	
	
	
	
	

	Combination(2,2)
	24
	24
	16
	N/A

	Combination(4,3)
	32
	32
	24
	N/A

	Combination(7,3)
	56
	56
	48
	N/A



Proposal 6: Different maximum numbers of monitored PDCCH candidates should be defined for each span within different (X,Y) combinations. The following table should be considered.
	
	SCS

	
	
	
	
	

	Combination(2,2)
	12
	10
	N/A
	N/A

	Combination(4,3)
	22
	16
	10
	N/A

	Combination(7,3)
	44
	36
	20
	N/A



Proposal 7: PDCCH overbooking and dropping are only performed in the span with CSS present, including type3 CSS.

Proposal 8: Clarify that aligned span is the case where same span pattern is configured across all the CCs in every slot and each span starts at the same symbol as the span on all the other CCs.

Proposal 9: Confirm the working assumption on the determination of total non-overlapping CCE and PDCCH candidates for configured CCs in aligned span case, which is attached in the appendix.

Proposal 10: Endorse the proposal related to unaligned span raised in [5].
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Appendix
Working assumption:    
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on all downlink cells from the  downlink cells are aligned, where

· [image: cid:image023.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image024.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.

If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates per span on the active DL BWP(s) of scheduling cell(s) from the serving cells if the spans on all downlink cells from the  downlink cells are aligned, where

· [image: cid:image033.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image034.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   


The intermediate proposals for un-aligned span case achieved during the last meeting:
Proposal #1: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: cid:image014.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image017.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   

Proposal #2: If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: cid:image029.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image030.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.  
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