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1	Introduction
The focuses of PDCCH enhancement in Rel-16 eURLLC work item [1] are on specifying details of DCI for URLLC scheduling and on enhancing UE’s PDCCH monitoring capability.
In RAN1#98 [2], the following agreements were reached.
	Agreements:
· Introduce one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields in Rel-16.

Agreements:
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.    
· Combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced
· FFS (3, 3) or (3,2) 
· UE reports the supported combinations per SCS 
· (2, 2)(4, 3)(7, 3) applicable for 15 kHz and 30 kHz
· FFS for 60 kHz and 120 kHz

Agreements:
For a Rel-16 UE supporting enhanced PDCCH monitoring capability, down-select between option 1 and option 2: 
· Option 1: PDCCH monitoring based on Rel-15 capability for eMBB and PDCCH monitoring based on Rel-16 capability for URLLC can be configured to a UE on the same carrier
· UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability 
· For Rel-16 PDCCH monitoring capability, the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot. Each span for Rel-16 PDCCH only cover USS for URLLC (FFS for CSS)
· Option 2: PDCCH monitoring for both eMBB and URLLC can be configured based on either Rel-15 capability or Rel-16 capability
· [bookmark: _Hlk20325800]  gNB configures which capability is used 
· For Rel-16 PDCCH monitoring capability,
· The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS  
· Note: the value C is to be separately discussed
Agreements:
If UE reports the support of more than one combination of C(X, Y) for a given SCS, and if multiple combinations of C(X, Y) are valid for the span pattern, the maximum value of C of the valid combinations is applied.  
· A combination C(X, Y) is valid if the span pattern satisfies X and Y of the given combination in every slot, including cross slot boundary
· FFS the impact from empty span(s) on the span pattern

Agreements:
Support separate configurable number of bits (2 or 3 or 4 bits) for “HARQ process number” for new DCI formats for scheduling DL and UL
· FFS 0 or 1 bits




In addition, the follow-up email discussion on FDRA for the DCI format scheduling Rel-16 URLLC [3] was concluded with the agreement below.
	Agreements:
· For resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 URLLC, support the following modification compared to Rel-15: 
· A single configurable scheduling granularity applicable for both the starting point and length indication. 
· A new RRC parameter to configure the scheduling granularity




In this contribution, we first discuss contents of the new DCI formats for DL and UL scheduling and their impact on the existing DCI size alignment procedure. Following the agreements made in the email discussion on FDRA [3], we provide details of the configuration for the scheduling granularity as well as discussing the relevance of FDRA type 0. TDRA field and potential new fields are discussed in more details. Extension to the Rel-15 DCI size alignment procedure is provided to support the introduction of new DCI formats and possibly new limit on DCI size budget that UE monitors in a cell.
Next, we discuss remaining issues of PDCCH monitoring capability in terms of the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span. These include the down-selection of the options for monitoring capability for Rel-16, the per-span limit value C for each (X,Y) and SCS, and PDCCH candidate dropping rule.  
[bookmark: _Ref178064866]2	Discussion
2.1	New DCI formats for DL and UL scheduling
It has been agreed that new DCI formats for DL and UL scheduling are introduced for Rel-16. In this section, we provide further details for some DCI fields as well as discussion related to DCI size alignment. For a complete details of proposed DCI contents for the new DCI formats, we refer to examples in Table A.1 and A.2 in the appendices.

2.1.1	FDRA field
2.1.1.1	FDRA type 1
In the email discussion prior to RAN1#98bis, it was agreed to support FDRA type 1 with scheduling granularity larger than 1 RB where there is a new RRC parameter for configuring single scheduling granularity for both the starting point and length. In this section, we provide more details of the scheduling granularity values to be supported.
In principle, the number of bits needed for the FDRA field can be reduced by using coarser scheduling granularity. However, it should be appropriate with respect to the size of the BWP to maintain sufficient scheduling flexibility. Moreover, different UEs in the BWP may be scheduled with both (Rel-15) FDRA types 0 and 1. To allow efficient multiplexing of resources, the value set of configured scheduling granularity for FDRA type 1 should be the same as the RBG size of FDRA type 0, i.e., 2, 4, 8, and 16. 
With new scheduling granularity for FDRA, a new RRC parameter shall be introduced in the PDSCH-config, PUSCH-config, and ConfiguredGrantConfig to configure UE with different frequency-domain scheduling granularities. The default Rel-15 granularity of 1 RB should be used if the parameter is not present. 

[bookmark: _Toc21387003]Introduce new RRC parameters ResourceAllocationType1-granularity for new DCI formats with possible values from the set {2,4,8,16} in PDSCH-Config, PUSCH-Config, and ConfiguredGrantConfig IEs for configuring resource allocation granularities of FDRA type 1. The parameter is applied only when it is present and resource allocation type 1 is configured. If the parameter is not present, the default granularity of 1 RB as in Rel-15 is used.

2.1.1.2	FDRA type 0
The agreement in RAN1 #98 to introduce one new DCI format for DL scheduling and one new DCI format for UL scheduling with configurable sizes for some fields in Rel-16 does not restrict the new DCI formats to be used only for URLLC. In other words, it should be possible to use them to schedule any traffic or services. In this sense, it is reasonable to also support FDRA type 0 as in Rel-15 for the new DCI formats to provide scheduling flexibility. FDRA type 0 can support non-contiguous frequency-domain resource allocation in DL which provides extra frequency diversity in general. 

We note that it is sufficient to reuse the same RBG size configurations as in Rel-15. If a small field size is desired, FDRA type 1 can be used instead. 

[bookmark: _Toc21387004]FRDA type 0 with RBG-size configurations as in Rel-15 is supported for the new DCI formats for DL and UL scheduling.

2.1.2 	TDRA field 
It has been agreed to support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the new DL DCI format. For UL DCI, the discussion is still open, and it may depend on the outcome of PUSCH enhancement discussion related to dynamic indication of the repetition factor.  

2.1.2.1	Repetition factor indicated through TDRA field in the DCI
To support PUSCH enhancement in Rel-16, a dynamic indication for repetition factor /number of PUSCH transmission is agreed [4]. In view of keeping the DCI size compact (e.g., not introducing new DCI field unnecessarily), it is reasonable that the repetition factor is indicated through TDRA field in the DCI where the configured TDRA table can be extended to include information about the repetition factor. One possible option is to extend the table with an extra column for the repetition factor as illustrated in Table 1. 

Table 1: Example of the extended TDRA table to include repetition factor
	Row index
	PUSCH mapping type
	
	S
	L
	(Nominal) repetition factor

	1
	Type A
	j
	0
	14
	1

	2
	Type A
	j
	0
	14
	2

	3
	Type A
	j
	0
	14
	4

	4
	Type A
	j
	0
	7
	1

	5
	Type B
	j
	2
	7
	1

	6
	Type B
	j
	4
	7
	1

	7
	Type B
	j
	7
	7
	1

	8
	Type B
	j
	8
	14
	1

	9
	Type B
	j
	8
	14
	2

	10
	Type B
	j
	8
	14
	4

	11
	Type A
	j+1
	0
	14
	1

	12
	Type A
	j+1
	0
	12
	1

	13
	Type A
	j+1
	0
	10
	1

	14
	Type A
	j+2
	0
	14
	1

	15
	Type A
	j+2
	0
	12
	1

	16
	Type A
	j+2
	0
	10
	1



We note that by adding an extra column in the TDRA table, the number of bits needed for TDRA field in the DCI is not necessarily affected. That is, it still depends on the number of rows in the configured TDRA table. As seen in the example table above, it is always better to perform joint coding of repetition factor in the TDRA as compared to using a separate field (see also [5]). 
We also note that if supported, the indicator can be applicable to both slot-based and non-slot-based repetition.

[bookmark: _Toc21386997]Adding extra column in the configured TDRA table does not necessarily affect the TDRA field size in DCI. 
[bookmark: _Toc21387005]A configured TDRA table for Rel-16 new DCI format is extended to include information about repetition factor for PUSCH transmission. One possible option is to extend the table with an extra column for the repetition factor. 

2.1.2.2	Reference of the starting point in TDRA
It was argued that the TDRA field size can be reduced if the reference of the starting symbol is changed to some PDCCH symbol instead of the slot boundary. Our view is that the reduction will typically be small in most of the scenarios since removing half of the TDRA entries only provides 1-bit reduction.
We believe that the benefit of changing the reference point is questionable as it is applicable only to limited scenarios. First, it is valid only to DL scheduling since the resource allocation for UL can be restricted by available UL resources due to certain TDD slot configuration. Even for DL scheduling, it is applicable only to the case of same slot scheduling (K0 =0) which might not necessary be the case for high SCS.  
Some may argue that the benefit can be large in some special scenario, e.g., when K0=0 and there is only one length and multiple starting points to indicate. However, such scenario is rather limited and should be considered as a corner case only. 
Moreover, changing the reference of starting point would have impact on the specification as an indicator whether the starting point is based on slot boundary or some PDCCH symbol would need to be introduced and specification texts related to SLIV need to be updated. 
If reference of the SLIV is based on slot boundary, specification impact is minimized. With configurable TDRA fields size up to 16 entries and possibly more for UL DCI, the TDRA flexibility should be sufficient.

[bookmark: _Toc21386998]Using PDCCH symbol as reference for starting symbol for SLIV is applicable only for DL with K0=0 and only provide limited benefit for very specific corner case. 
[bookmark: _Toc21387006]Change of reference for the starting symbol in SLIV is not supported. 

2.1.3 	HARQ process number field 
In RAN1 #98 it was agreed to support separate configurable number of bits (2,3,4) for HARQ process number for the new DCI formats for scheduling DL and UL. It is still to be discussed whether 0 or 1 bit should be supported. In general, configuring the number of HARQ process number field to be smaller than 4 bits impose certain scheduling restriction. 

In the extreme case, 0-bit HARQ process number field implies that there is only 1 HARQ process ID. For dynamic DL scheduling, this would prevent any new DL transmission (with another HARQ process ID) before receiving HARQ-ACK from the UE. For dynamic UL scheduling, one restriction is that it is not possible to schedule PUSCH transmission if there is an UL CG with the same HARQ ID within N2 symbols from the end of the UL grant. 

For UL CG or DL SPS, with only one HARQ process ID, multiple CG / SPS configurations cannot be supported. The interaction between HARQ process IDs for UL configured grant/ DL SPS transmission and dynamically scheduled transmission, e.g., for repetition of UL CG also need to be considered with care. For example, if the DCI format used to activate UL CG /DL SPS configuration and the format used to schedule the retransmission are different with different HARQ process number field sizes, there can be a mismatch between the HARQ process ID of the initial configured transmission and that of the retransmission. 

[bookmark: _Toc21386999]Configuring HARQ process number field to 0 bit can lead to severe scheduling limitations. 
With HARQ process number field smaller than 4, it is not possible to indicated up to 16 HARQ process IDs that is needed to schedule a new transmission or retransmission. Take configured grant transmission as an example, the HARQ ID range of each CG configuration is agreed in RAN2 to be defined by higher layer with a HarqIDOffset and a numberOfHarqProcesses, limiting the HARQ process number field can cause the problem that the new DCI format cannot address the retransmission of a CG with HARQ ID out of the range that field. 
[bookmark: _Toc21387007]Whether to support 0-bit HARQ process number field in the new DCI formats is decided in connection with support for multiple UL CG/SPS configurations and interaction between HARQ process ID of the initial UL CG/ DL SPS transmission and the retransmission of the UL CG/ SPS transmission. 

2.1.4 	New DCI field for physical layer configuration set/option indication
The ongoing Rel-16 NR eURLLC and IIoT work items intend to provide several enhancements relating to
· UCI enhancement to support sub-slot based HARQ-ACK feedback with possible K1 in unit of sub-slots.
· Enhanced intra-UE UL transmission prioritization/multiplexing
· Enhanced inter-UE UL transmission prioritization/multiplexing

Most of these enhancements can be enabled by having some form of physical layer indication in the scheduling DCI either as an explicit indication in DCI field or an implicit indication through specific RNTI or specific search space, etc. Moreover, there exist other enhancements in other WIs such as NR-U and MIMO multi-TRP discussions which could result in the need for new dynamic indications in the DCI. 
To keep a clean design with good flexibility for potential new dynamic indications, we propose to introduce a generic new DCI field for indicating physical layer configuration sets/options. 
The field can provide an index pointing to one of several (RRC-configured) configuration sets/options where each option contains e.g. information about one or more parameters such as 
· Transmission/grant priority 
· e.g., to indicate that an UL grant is intended for UL data from high priority LCH for intra-UE UL prioritization.
· K1 table index
· e.g., to indicate which of the configured K1 tables to use. Different tables may be separated by value contents or by unit of the values (sub-slot vs slot).
· Power boosting or open-loop power control parameter
· e.g., to indicate whether to power-boost the UL transmission to support one of the inter-UE preemption solutions
· LBT parameters (for NR-U)

The field would be present in the DCI only if multiple configuration sets/options are configured to UE, and the size of the field depends on the number of configuration sets/options.
Examples of configuration sets/options associated with DCI scheduling PDSCH and PUSCH configured to UE are given in Table 2. Configuration set/option example in Table 2 (a) contains two parameters (K1 table and transmission/grant priority indication), resulting in total of 4 sets/options, thus the new field in DCI scheduling PDSCH is of size 2 bits pointing to one of the configuration option indices. Configuration set/option example in Table 2(b) contains only transmission/grant priority indication with 2 sets/options and thus the new field in DCI scheduling PUSCH is of size 1 bit. 

Table 2: Examples of configuration sets/options associated with DCI scheduling PDSCH and PUSCH configured to UE.
	(a) configuration sets/options for DCI scheduling PDSCH
	(b) configuration sets/options for DCI scheduling PUSCH

		[bookmark: _Hlk16855267]Configuration option index
	K1 table 
	Transmission priority indication

	0
	Configured table #1
	low

	1
	Configured table #2
	high

	2
	Configured table #1
	high

	3
	Configured table #2
	low



		Configuration option index
	UL grant priority indication

	0
	low

	1
	high






Note that any new configurable field introduced for the new DCI formats can also be included for the Rel-15 non-fallback DCIs to provide complete flexibility. 
Regarding priority indication through the new DCI field, we note that the indication can be used for DL transmission prioritization. The priority indicated in the 
· DCI scheduling PDSCH or 
· activating DL SPS 
corresponds to priority of the scheduled PDSCH/activated SPS as well as priority of the corresponding HARQ-ACK associated with the PDSCH/SPS. 
Similarly, the priority indicated in the 
· UL DCI scheduling PUSCH or
· activating UL CG type 2 
corresponds to priority of the scheduled/configured UL resources to which appropriate data can be mapped according to the LCH priority. 

[bookmark: _Toc21387008]Introduce a new field with configurable size for physical layer configuration set/option indication in the DCI scheduling URLLC. The field provides an index pointing to one of several configuration sets/options where each set/option can contain information about one or more parameters such as transmission priority, HARQ-ACK codebook, open loop power control parameters, and LBT parameters.
[bookmark: _Toc21387009]Any new configurable fields introduced for the new DCI formats are also included in the existing non-fallback formats.
[bookmark: _Toc21387010]Priority indication is included in the DL DCI scheduling PDSCH or activating DL SPS to indicate priority of the scheduled PDSCH / activated SPS as well as priority of the corresponding HARQ-ACK associated with the PDSCH / SPS. 
[bookmark: _Toc21387011]Priority indication is included in the UL DCI scheduling PUSCH or activating CG UL type 2 to indicate priority of the scheduled / activated UL resources to which appropriate data can be mapped according to the LCH priority. 

2.1.5 	DCI size alignment
Since the new DCIs contain several configurable fields, their sizes can differ from other existing DCI sizes. This may lead to an issue as UE is able to monitor PDCCH in a cell only for a limited number of DCI sizes. 
In Rel-15, there exists a “3+1” budget on the number of DCI sizes that UE should monitor for the cell, i.e., 3 different sizes for DCI scrambled by C-RNTI and 1 additional for other RNTI [3]. For Rel-16 UE or advanced UE supporting new DCI formats, it is unclear whether this limit will be relaxed. 
With the introduction of the new DCI formats, the Rel-15 DCI size alignment procedure [3] should be extended. 
For the remaining of the discussion, we term the new DCI for DL and UL, DCI formats 1_2 and 0_2, respectively.

2.1.5.1 	DCI size budget for UE supporting new DCI formats
With the introduction of the new DCI formats, there can be multiple combinations of DCI formats configured for UE to monitor in user specific search space (USS). We propose that a new improved limit for the DCI size budget, e.g., “4+1”, should be introduced to support UE monitoring multiple DCI sizes. The improved DCI size budget can be part of new UE features with capability signaling. 

[bookmark: _Toc21387012]Introduce a new improved limit for the DCI size budget for UE, e.g., “4+1 as part of the Rel-16 UE features with capability signaling.

2.1.5.2 	Extension of the existing DCI size alignment procedure when the new DCI formats are configured for UE to monitor
The DCI size alignment procedure in Rel-15 is based on Rel-15 DCI formats and the DCI size budget of “3+1”. With the introduction of the new DCI formats and possibly the new capability for improved DCI size budget, the size alignment procedure would require some changes. In Appendix A.2, we provide an example of the extended DCI size alignment procedure which extends the Rel-15 steps to include the new DCI formats and improved DCI size budget limit without deviating from the existing behavior. 

In summary, we propose that the extension may contain the following extra steps.
· the new DCI formats 0_2/1_2 monitored in USS can be size-aligned
· the new DCI formats 0_2/1_2 monitored in USS can be size-aligned with the DCI formats 0_0/1_0 monitored in CSS (only needed e.g. when the DCI formats 0_0/1_0 are not configured in USS and the new DCI formats 0_2/1_2 are configured in USS)
· the new DCI format 0_2/1_2 to be monitored in USS can be skipped if needed

[bookmark: _Toc21387013]Introduce an extension of Rel-15 DCI size alignment procedure to support new DCI formats and improved DCI-size budget limit. 

We note that it is important to preserve the existing Rel-15 behavior as much as possible regardless of whether the DCI size budget is improved. Therefore, we propose that the extended size alignment procedure is applied only when UE is configured with new DCI formats 0_2/1_2; otherwise, the Rel-15 procedure is applied.

[bookmark: _Toc21387000]The Rel-15 behavior for DCI size alignment should be kept as much as possible if no new DCI formats are configured for UE to monitor. 
[bookmark: _Toc21387014]The extended DCI size alignment procedure is applied only if the new DCI formats are configured for UE to monitor. Otherwise, the Rel-15 procedure is applied.
2.2	Improved PDCCH monitoring capability
2.2.1 	Coexistent of new and existing PDCCH monitoring capabilities
In RAN1 #98, it is agreed to down select between two options for how PDCCH monitoring capability should be used for URLLC especially when it co-exists with the Rel-15 slot-level capability. We provide our views on pros and cons of each option below.

· Option 1: Two separate capabilities configured to UE to use for eMBB and URLLC.
· Pros: 
· Simplify the introduction of improved monitoring capability for URLLC without affecting the existing limit for eMBB
· Simplify the capability to support a larger limit in the first span in a slot due to CSS
· Cons: 
· Need to distinguish e.g., between eMBB and URLLC DCIs, e.g., by search space, by DCI format, by CORESET which may impose additional restriction

· Option 2: One capability (either Rel-15 capability or new Rel-16 capability) is used for both types of traffics. gNB configures which capability is used.
· Pros: 
· Transparent to service and traffic types
· Cons: 
· Need to ensure that the Rel-16 capability is sufficiently increased to accommodate the cases of UE running multiple services 
· Need to ensure a larger limit at the beginning of the slot to support DCI monitoring in CSS

We see that both options have pros and cons. Option 1 relies on having a service differentiator for DCIs which may put constraints to how search space, CORESET, and DCI are used for URLLC scheduling. On the other hand, it simplifies the introduction of the improved PDCCH monitoring capability in the sense that the improved capability is added for URLLC without affecting the existing capability for MBB. Option 2 may be more generic in the sense that only one monitoring limit is applied regardless of traffic types. However, the limit would need to be enhanced sufficiently to support multiple types of traffics which can require rather high standardization effort. There is also a concern with Option 2 that the limit can be too limited for the span at the beginning of a slot if the same limit is applied to all spans in a slot.   

[bookmark: _Toc21387015]PDCCH monitoring capability is defined according to Option 1.

2.2.2 	PDCCH monitoring span definition in UE feature group 3-5b
PDCCH monitoring span definition in UE FG 3-5b provide a set of rules for UE and gNB to have the same understanding on PDCCH monitoring spans in a slot based on CORESET/search space configurations and UE capability signaling related to PDDCH monitoring. 
Different candidate values (X,Y) = (2,2),(4,3), or (7,3) are available to indicate possible span gaps and lengths which as a starting point provide some flexibility to support multiple PDCCH monitoring occasions in a slot for URLLC.
Nevertheless, there are cases where another new intermediate value of (X,Y) can be useful. We note that the current values (X,Y)= (2,2),(4,3), or (7,3) support up to 7, 3, and 2 monitoring spans in a slot, respectively. It would be useful for UE to have also an intermediate level of monitoring capability with the span gap X=3, e.g., when 4 PDCCH monitoring spans in a slot are needed. Having flexible PDCCH monitoring capability would also allow flexible configurations in the same spirit as the recently supported flexible PDSCH durations. Regarding the span length value, Y=3 can be supported to provide flexible configuration of CORESET duration up to 3 symbols.

[bookmark: _Toc21387016]Introduce a new candidate value (X,Y) = (3,3) to provide an extra intermediate level for the enhanced PDCCH monitoring capability.

2.2.3 	The per-CC limit on the maximum number of non-overlapping CCE for channel estimation per monitoring span for different combinations of (X,Y) and SCS
Two main criteria can be used when defining the limit on the maximum number of non-overlapping CCE for channel estimation per monitoring span, C, for different combinations of (X,Y) and SCS for UE supporting URLLC. First, the limit should be an improvement over the existing Rel-15 per-slot limit when taking into account the number of monitoring spans in a slot, while still being reasonable with regard to UE complexity. Second, to ensure high PDCCH reliability for URLLC, it is desirable to be able to configure at least one AL16 PDCCH candidate in a monitoring span. With these criteria, we propose the following per-CC limit in Table 3.

Table 3: The per-CC limit on the maximum number of non-overlapping CCE for channel estimation per monitoring span for different combinations of (X,Y) and SCS.
	 
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	2
	2
	24
	24
	16 
	16

	Combination 2
	4
	3
	40
	40
	32
	24

	Combination 3
	7
	3
	56
	56
	48
	32

	Combination 4
	3
	3
	32
	32
	24
	16



For Combination 3, i.e., (X,Y) = (7,3), there can be up to 2 monitoring spans in a slot. With N2 values of Rel-15 UE preparation time capability #2, it should be feasible for UE to decode PDCCH within half a slot, and thus the same limit on the maximum number of non-overlapping CCE for channel estimation defined per slot can be used for the per-monitoring span one. 
For other combinations of (X,Y), there can be more than 2 monitoring spans in a slot. The per-CC limit on the maximum number of non-overlapping CCE for channel estimation per monitoring span may be lower than the Rel-15 slot limit. However, the sum of limits across monitoring spans in a slot should be larger than the Rel-15 slot limit.
Regarding the UE capability aspect, it is also possible that UE can report the value C together with (X,Y) as part of the capability signaling. For example, there can be multiple values defined for each (X,Y,) in the specification and UE reports one value of C out of these values for each case.
It is useful to define the limit C for each (X,Y) for all SCS. Although at high SCS one PDCCH monitoring occasion in a slot may be sufficient to achieve certain latency requirement, it is still beneficial to have multiple PDCCH monitoring occasions in a slot to achieve sufficiently low PDCCH blocking probability as shown in [6]. 

[bookmark: _Toc21387001]The per-monitoring span limit on the maximum number of non-overlapping CCE for channel estimation should be an improvement over the existing Rel-15 per-slot limit when taking into account the number of monitoring spans in a slot.
[bookmark: _Toc21387017]Define the per-CC limit value C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a combination of SCS and (X,Y) reporting capability as in Table 3. 

2.2.4 	Actual CCE limit per monitoring span when multiple candidate values (X,Y) are reported
In RAN1 #98 it was agreed that when the UE reports multiple combinations of (X,Y), the maximum  value of C of the valid combinations is applied as the actual per-span limit.

[image: ]
Figure 1. Monitoring span pattern where there is no “empty” span

Consider Fig.1 where the valid combinations (X, Y) for the span pattern are (7,3) and (4,3). In this case, the maximum between C(4,3) and C(7,3) is used. Based on majority of the proposals for the limit C for each (X,Y) combination, it is expected that C(7,3) is larger than or equal to C(4,3) regardless of SCS. That is, the value C(7,3) is applied as the maximum non-overlapping CCE per monitoring span.

[image: ]
Figure 2. Monitoring span pattern where there are no “empty” spans in certain slot

Consider another example in Fig.2 where UE reports multiple combinations of (X, Y), i.e., (2,2), (4,3) and (7,3). The span pattern in this example contains five spans in each slot. However, in slot j+1 there are PDCCH monitoring occasions configured only in two of the five spans. According to the agreement, the valid combination (X, Y) for the span pattern is (2,2) and thus the maximum non-overlapping CCE per monitoring span is C(2,2). As a consequence, UE in slot j+1 only monitors PDCCH candidates in the two non-empty spans with the limit for maximum non-overlapping CCE per span according to C(2,2) which can end up being more restrictive than the Rel-15 slot limit. That is, PDCCH monitoring capability in some slots can be worse than Rel-15 capability due to empty spans and the current agreement of the per-span limit. 
To avoid such issue, empty spans should be taken into account when determining the actual CCE limit per monitoring span. We propose the following extension which reduce to the RAN1 #98 agreement when there is no empty span.  

[bookmark: _Toc21387018]If UE reports the support of more than one combination of C(X, Y) for a given SCS, and for any slot j, if multiple combinations of C(X, Y) are valid for the span pattern excluding any empty spans, the maximum value of C of the valid combinations is applied for slot j. 

We note that if C(7,3) >= C(4,3) >= C(3,3) >= C(2,2), the proposed extension is equivalent to having the actual CCE limit per monitoring span determined as:
· if there are 1 non-empty monitoring span in a slot, the actual CCE limit per span follows the limit value C(7,3) or the Rel-15 slot limit if C(7,3) is equal to the Rel-15 slot limit, else
· if there are 2 non-empty monitoring spans in a slot, the actual CCE limit per span follows the limit value C(7,3) , else
· if there are 3 non-empty monitoring spans in a slot, the actual CCE limit per span follows the limit value C(4,3) , else
· if there are 4 non-empty monitoring spans in a slot, the actual CCE limit per span follows the limit value C(3,3) , else
· if there are 5-7 non-empty monitoring spans in a slot, the actual CCE limit per span follows the limit value C(2,2).

An alternative to determining the actual CCE limit per span based on the non-empty spans is to consider the per-slot limit. That is, in a slot j where the resulting CCE limit for the slot determined from the sum of per-span limits over all non-empty spans in the slot is lower than the per-slot limit, the per-slot limit is applied instead. The per-span limit in slot j may be derived as .

[bookmark: _Toc21387019]If UE reports the support of more than one combination of C(X, Y) for a given SCS, and for any slot j, if multiple combinations of C(X, Y) are valid for the span pattern, the per-span limit for slot j is given by: 


[bookmark: _GoBack]Regarding the concern that determining the per-span limit by considering only non-empty spans may lead to a scenario that UE needs to monitor the high number of PDCCH candidates both at the end of one slot and at the beginning of the next slot. We would like to emphasize that this scenario is already supported by Rel-15 PDCCH monitoring capability where PDCCH monitoring occasion can be in any symbol of a slot and the limit is defined per slot. Even for the UE capable of PDCCH monitoring in any symbol of a slot with some time gap, it is still possible that UE needs to monitor up to 44 PDCCH candidates and 56 non-overlapping CCE (for 15 kHz SCS) at the end of slot j and another 44 candidates and 56 non-overlapping CCE at the beginning of slot j+1 as shown in Fig. 3. Thus, it is important to take into account the empty spans when determining the per-span limit for Rel-16. Otherwise, the PDCCH monitoring capability for Rel-16 can end up being less capable than that of Rel-15. 
[image: ]
Figure 3. Example of PDCCH search space monitoring already supported in Rel-15.

[bookmark: _Toc21387002]In Rel-15, UE can already be configured to monitor PDCCH candidates up to the monitoring capability (i.e., blind decode and CCE limits) at the end of one slot and to monitor again all PDCCH candidates at the beginning of the next slot. 

2.2.5 	Dropping rule defined per monitoring span
With the introduction of PDCCH monitoring span and CCE / BD limit per-span, the PDCCH candidate dropping rule in Rel-15 needs can be updated. Different options can be considered, e.g.,
 
1) If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in span j.
2) If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.
3) If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.

The first option allows UE to drop all PDCCH candidates in the monitoring span when the limit is exceeded which can be too restrictive. The second and third options allow UE to monitor some candidates in the monitoring span even if the total number of non-overlapping CCE for channel estimation of the configured PDCCH candidates in the monitoring span exceeds the limit. The difference between the second and third options is that in the third option some PDCCH candidates in a search space are still monitored until the limit is exceeded, while in the second option, all candidates in the search space at which the limit is exceeded are dropped.  For efficient scheduling, the third option with the least restriction is preferred.

[bookmark: _Toc21387021]If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in the span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.

2.2.6 	Blind decode limit per span
So far in section 2.2, we provide discussions on PDCCH monitoring capability in terms of the maximum number of non-overlapping CCE for channel estimation. It is also important that the blind decode limit for Rel-16 UE is enhanced to fully support multiple PDCCH monitoring occasions in a slot for URLLC. Apart from latency reduction, support of multiple monitoring occasion with sufficient number of PDCCH candidates can also reduce PDCCH blocking probability as shown in [6].   
In our view, the same framework introduced for CCE limit such as limit per monitoring span can be reused for the blind decode limit. 

[bookmark: _Toc21387022]Increase the blind decode limit using the same framework as the limit for number of non-overlapping CCE, i.e., define the per-span limit for the maximum number of blind decodes. 

2.3	Overview of potential RRC impact of features related to corresponding DCI fields 
In this section, we provide an overview of potential RRC impact of the new features introduced in Rel-16 URLLC. We present them in relation to their corresponding DCI fields in the table below where the yellow highlighted parts represent potential new RRC parameters to be considered.
 

	DCI field
	RRC parameter needed
	In which agenda to discuss

	Carrier indicator
	[CarrierIndicatorSize-ForDCIFormat1_a-andForDCIformat0_b]
(FFS a, b)
	PDCCH enhancement

	Frequency-domain resource assignment
	FDRA type 1
ResourceAllocationType1-granularity-ForDCIFormat1_a
and
ResourceAllocationType1-granularity-ForDCIFormat0_b

FDRA type 0 (if supported)
rbg-Size-ForDCIFormat1_a
and
rbg-Size-ForDCIFormat0_b
	PDCCH enhancement

	Time-domain resource assignment
	pusch-TimeDomainAllocationList-ForDCIFormat0_b 
to support possibly larger size of TDRA field in the DCI format 0_b and indication of nominal repetition number through the TDRA table
NOTE: there is no need to introduce a separate RRC parameter for configuring a set of possible repetition factors

	PUSCH enhancement

	PRB bundling size indicator
	prb-BundlingType-ForDCIFormat1_a
	Already agreed

	Rate matching indicator
	rateMatchPatternGroup1-ForDCIFormat1_a 
and
rateMatchPatternGroup2-ForDCIFormat1_a 
	Already agreed

	ZP CSI-RS trigger
	ZP-CSI-RS-ResourceSet-ForDCIFormat1_a

	Already agreed

	HARQ process number 
	HARQProcessNumberSize-ForDCIFormat1_a
and
HARQProcessNumberSize-ForDCIFormat0_b
	Already agreed 

	PDSCH-to-HARQ feedback timing indicator
	SubslotConfiguration-ForPUCCH
to indicate the subslot configuration for subslot based PUCCH feedback 

dl-DataToUL-ACK-ForDCIFormat1_a 
in case the range of K1 is changed or the unit of K1 can be subslot and is part of the dl-DataToUL-ACK 

	UCI enhancement

	Antenna port
	dmrs-DownlinkForPDSCH-MappingTypeA- ForDCIFormat1_a
and
dmrs-DownlinkForPDSCH-MappingTypeB- ForDCIFormat1_a 
to configure the range of antenna port value
	This may require MIMO expertise to define new antenna port tables for reduced antenna port field size

	Physical layer configuration set/option indication (new proposed field)
	PHY-ConfigurationSet- ForDCIFormat1_a
and
PHY-ConfigurationSet- ForDCIFormat0_b
a new field for indicating a set of physical layer parameter configurations, with one set for eMBB transmission, another set for URLLC transmission.
	PDCCH enhancement




Conclusion
In the previous sections we made the following observations: 
Observation 1	Adding extra column in the configured TDRA table does not necessarily affect the TDRA field size in DCI.
Observation 2	Using PDCCH symbol as reference for starting symbol for SLIV is applicable only for DL with K0=0 and only provide limited benefit for very specific corner case.
Observation 3	Configuring HARQ process number field to 0 bit can lead to severe scheduling limitations.
Observation 4	The Rel-15 behavior for DCI size alignment should be kept as much as possible if no new DCI formats are configured for UE to monitor.
Observation 5	The per-monitoring span limit on the maximum number of non-overlapping CCE for channel estimation should be an improvement over the existing Rel-15 per-slot limit when taking into account the number of monitoring spans in a slot.
Observation 6	In Rel-15, UE can already be configured to monitor PDCCH candidates up to the monitoring capability (i.e., blind decode and CCE limits) at the end of one slot and to monitor again all PDCCH candidates at the beginning of the next slot.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce new RRC parameters ResourceAllocationType1-granularity for new DCI formats with possible values from the set {2,4,8,16} in PDSCH-Config, PUSCH-Config, and ConfiguredGrantConfig IEs for configuring resource allocation granularities of FDRA type 1. The parameter is applied only when it is present and resource allocation type 1 is configured. If the parameter is not present, the default granularity of 1 RB as in Rel-15 is used.
Proposal 2	FRDA type 0 with RBG-size configurations as in Rel-15 is supported for the new DCI formats for DL and UL scheduling.
Proposal 3	A configured TDRA table for Rel-16 new DCI format is extended to include information about repetition factor for PUSCH transmission. One possible option is to extend the table with an extra column for the repetition factor.
Proposal 4	Change of reference for the starting symbol in SLIV is not supported.
Proposal 5	Whether to support 0-bit HARQ process number field in the new DCI formats is decided in connection with support for multiple UL CG/SPS configurations and interaction between HARQ process ID of the initial UL CG/ DL SPS transmission and the retransmission of the UL CG/ SPS transmission.
Proposal 6	Introduce a new field with configurable size for physical layer configuration set/option indication in the DCI scheduling URLLC. The field provides an index pointing to one of several configuration sets/options where each set/option can contain information about one or more parameters such as transmission priority, HARQ-ACK codebook, open loop power control parameters, and LBT parameters.
Proposal 7	Any new configurable fields introduced for the new DCI formats are also included in the existing non-fallback formats.
Proposal 8	Priority indication is included in the DL DCI scheduling PDSCH or activating DL SPS to indicate priority of the scheduled PDSCH / activated SPS as well as priority of the corresponding HARQ-ACK associated with the PDSCH / SPS.
Proposal 9	Priority indication is included in the UL DCI scheduling PUSCH or activating CG UL type 2 to indicate priority of the scheduled / activated UL resources to which appropriate data can be mapped according to the LCH priority.
Proposal 10	Introduce a new improved limit for the DCI size budget for UE, e.g., “4+1 as part of the Rel-16 UE features with capability signaling.
Proposal 11	Introduce an extension of Rel-15 DCI size alignment procedure to support new DCI formats and improved DCI-size budget limit.
Proposal 12	The extended DCI size alignment procedure is applied only if the new DCI formats are configured for UE to monitor. Otherwise, the Rel-15 procedure is applied.
Proposal 13	PDCCH monitoring capability is defined according to Option 1.
Proposal 14	Introduce a new candidate value (X,Y) = (3,3) to provide an extra intermediate level for the enhanced PDCCH monitoring capability.
Proposal 15	Define the per-CC limit value C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a combination of SCS and (X,Y) reporting capability as in Table 3.
Proposal 16	If UE reports the support of more than one combination of C(X, Y) for a given SCS, and for any slot j, if multiple combinations of C(X, Y) are valid for the span pattern excluding any empty spans, the maximum value of C of the valid combinations is applied for slot j.
Proposal 17	If UE reports the support of more than one combination of C(X, Y) for a given SCS, and for any slot j, if multiple combinations of C(X, Y) are valid for the span pattern, the per-span limit for slot j is given by:

Proposal 18	If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space ets with highest search space set indices in the span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.
Proposal 19	Increase the blind decode limit using the same framework as the limit for number of non-overlapping CCE, i.e., define the per-span limit for the maximum number of blind decodes.
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Appendices
A.1	Example of new DCI formats
Table A1. Proposed DL assignment DCI format 1_2 

	DCI for DL assignment
	Fallback 1_0 (bits)
	Non-fallback 1_1 (bits)
	New DCI (bits)
	Comment

	Identifier for DCI format
	1
	1
	1
	Agreed in RAN1#96 bis. (1 bit) (when applicable)

	Carrier indicator
	-
	0 or 3
	Configurable where 0 bit is one possible value
	For possible cross carrier scheduling
Agreed in RAN1#96 bis. (0 bit or at least one non-zero bit)

	Bandwidth part indicator
	-
	0-2
	-
	

	Frequency-domain  resource assignment
	Type 1 (size depending on initial or active BWP)
	Type 0 or 1
	Type0 or Type 1 with possible scheduling unit larger than one PRB
	Depending on BWP and “RBG” sizes. 
With the use of partial BWP, the frequency-domain RA indicator can be reduced in size. 
Also, with coarser granularity of “RBG”, the field can be reduced. Note though that restrictions on the starting position can have an effect when serving a large number of UEs.
Repetition of PDSCH in frequency domain can be indicated in this field.
Agreed in email discussion after RAN1 #98 (Support FDRA Type 1 with possible scheduling unit larger than one PRB)

	Time-domain resource assignment
	4
	0-4
	Configurable (0-4)
	The size of the field depends on the size of configured TDRA table. Only limited relevant entries in the configured TDRA can be reasonable for URLLC to achieve low latency transmission.
Repetition factor applicable for both slot-based and non-slot-based repetition can be included in the extended TDRA table and signaled through this field.
Agreed in RAN1#97. (Support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the DL DCI format scheduling Rel-16 URLLC)

	VRB-to-PRB mapping
	1
	0-1
	Configurable (0-1)
	Possible to have it semi-statically configured distributed/interleaved mapping

	PRB bundling size indicator
	-
	0-1
	Configurable where 0 bit is one possible value
	Agreed in RAN1#96 bis. (0 or 1 bit)

	Rate matching indicator
	-
	0-2
	Configurable where 0 bit is one possible value
	For rate matching around CORESETs from other TRPs in case of URLLC with multi-TRP or resources reserved for intra-UE multiplexing.
Agreed in RAN1#96 bis. (0, 1, or 2 bit)

	ZP CSI-RS trigger
	-
	0- 2
	Configurable where 0 bit is one possible value (possibly up to 2 bits)
	For rate matching around own ap-NZP CSI-RS and CSI-RS of other eMBB users in the cell.
Agreed in RAN1#96 bis. (0,1, or 2 bit)

	Modulation and coding scheme 
	5
	5
	5
	

	New data indicator
	1
	1
	1
	Agreed in RAN1#96 bis. (1 bit)

	Redundancy version
	2
	2
	Configurable (1-2)
	Limited set of RV sequences considering reduced number of retransmissions within latency limit.

	Modulation and coding scheme for TB 2
	-
	5
	-
	Agreed in RAN1#96 bis. (0 bit)

	New data indicator for TB 2
	-
	1
	-
	Agreed in RAN1#96 bis. (0 bit)

	Redundancy version for TB 2
	-
	2
	-
	Agreed in RAN1#96 bis. (0 bit)

	HARQ process number 
	4
	4
	At least 2, 3, 4
	With faster HARQ round trip time, the number of processes can be limited. 
Agreed in RAN1#98 (configurable number of bits (at least 2 or 3 or 4 bits; FFS 0, 1 bit.)

	Downlink Assignment Index 
	2
	0, 2, or 4
	Configurable
	Dynamic HARQ codebook may not be needed for URLLC, at least for FDD operation. For dynamic HARQ codebook, 1 bit to protect against one missed DL assignment.

	TPC command for scheduled PUCCH 
	2
	2
	2 
	

	PUCCH resource indicator
	3
	3
	2
	Reduced PUCCH resource set

	PDSCH-to-HARQ feedback timing indicator
	3
	0-3
	0 or 2
	Fixed configuration of HARQ timing for low latency operation. Dynamic indicator for dynamic TDD.

	Antenna port
	-
	4-6
	Configurable (0, 1, 2, 4, 5, 6)
	Depending on number of layers for MIMO transmission
Assuming SU-MIMO only, we can have 
· 0 bit (single port DMRS, e.g., port 1000 is always used as in DCI 1_0)
· 1 bit for UE that supports up to two layers (e.g. Value 0 or Value 11 from Table 7.3.1.2.2-1 can be indicated).   
· 2 bits for UE that supports up to four layers (e.g. Values 0,11,9,10 from Table 7.3.1.2.2-1 can be indicated).
· 4, 5, 6 bits to support the same configurations as in DCI format 1_1

	Transmission configuration indicator
	-
	0 or 3 
	Configurable (0-3)
	For indicating different TCI states of multi-TRP transmission in case of URLLC with multi-TRP

	SRS request
	-
	2 for UEs not configured with SUL
3 for UEs configured with SUL
	Configurable (0-3)
	

	CBG transmission information (CBGTI)
	-
	0, 2, 4, 6 or 8
	-
	Agreed in RAN1#96 bis. (0 bit)

	CBG flushing information (CBGFI)
	-
	0-1
	-
	Agreed in RAN1#96 bis. (0 bit)

	DMRS sequence initialization
	-
	1
	-
	

	Physical layer configuration set/option indication
	N/A
	N/A
	Configurable where 0 bit is one possible value
	For indicating one of several RRC-configured configuration sets/options where each option contains information about one or more parameters such as priority of the scheduled PDSCH transmission and HARQ-ACK codebook indication.




Table A2. Proposed UL grant DCI format 0_2

	DCI for UL grant
	Fallback (bits)
	Non-fallback (bits)
	New DCI (bits)
	Comment

	Header/Identifier for DCI format
	1
	1
	1
	Agreed in RAN1#96 bis.

	Carrier indicator
	-
	0 or 3
	Configurable where 0 bit is one possible value
	For possible cross carrier scheduling

	Bandwidth part indicator
	-
	0-2
	-
	

	Frequency-domain PUSCH resource assignment
	Type 1 (size depending on initial or active BWP)
	Type 0 or 1
	Type 0 or Type 1 with possible scheduling unit larger than one PRB
	Depending on BWP and RBG sizes. 
With the use of part of the whole BWP, the frequency-domain RA indicator can be reduced in size. 
Also, with coarser granularity of “RBG”, the field can be reduced. Note though that restrictions on the starting position can have an effect when serving a large number of UEs.
Agreed in email discussion after RAN1 #98 (Support FDRA Type 1 with possible scheduling unit larger than one PRB)

	Time-domain PUSCH resource assignment
	4
	0-4
	Configurable (0-4)
	Depending on the size of configured TDRA table, e.g., 2 bits for 4 entries. Only limited relevant entries in the configured TDRA can be reasonable for URLLC to achieve low latency transmission.
Repetition factor applicable for both slot-based and non-slot-based repetition can be included in the extended TDRA table and signaled through this field.

	Frequency hopping flag
	1
	0-1
	0-1
	Configurable

	Modulation and coding scheme 
	5
	5
	5
	

	New data indicator
	1
	1
	1
	Agreed in RAN1#96 bis.

	Redundancy version
	2
	2
	Configurable (1-2)
	Limited set of RV sequences taking into account no. of retransmission allowed within latency limit.

	HARQ process number 
	4
	4
	At least 2, 3, 4
	 Agreed in RAN1#98 (configurable number of bits (at least 2 or 3 or 4 bits); FFS 0, 1 bit.

	1st DAI
	-
	1-2
	-
	

	2nd DAI
	-
	0 or 2
	-
	

	TPC command for scheduled PUSCH 
	2
	2
	2
	

	UL/SUL indicator
	0-1
	1
	-
	

	SRS resource indicator
	-
	Depending on the number of configured SRS resources
	Configurable 
	For codebook-based PUSCH transmission

	Precoding information and number of layers
	-
	0-6
	Configurable, where 0 bit is one possible value 
	0 bit is one possible value in case UE only support one SRS port. 

	Antenna port
	-
	2-5
	Configurable, where 0 bit is one possible value 
	0 bit as one can use port 0, 0/1, 0/1/2 or 0/1/2/3 for rank 1,2,3 and 4 respectively.

	SRS request
	-
	2-3
	Configurable, where 0 bit is one possible value 
	For supporting UL beamforming in FR2. For periodic traffic, periodic SRS can also be configured. 

	CSI request
	-
	0-6
	Configurable, where 0 bit is one possible value 
	

	PTRS-DMRS association
	-
	0 or 2
	-
	

	Beta_offset indicator
	-
	0 or 2
	Configurable (0-2)
	If not configured, it can be derived/determined based on other fields such as transmission priority indicator in the transmission parameter configuration field.

	DMRS sequence initialization
	-
	0-1
	Configurable (0-1)
	

	Physical layer configuration set/option indication
	N/A
	N/A
	Configurable where 0 bit is one possible value
	For indicating one of several RRC-configured configuration sets/options where each option contains information about one or more parameters such as priority of the scheduled transmission, LCH group, or power control adjustment, applicable for intra/inter-UE multiplexing/preemption.


*Blue highlighted fields are new fields not present in the existing Rel-15 DCI formats.

A.2	Example of the extended DCI size alignment procedure
The red texts are the proposed extension steps in addition to the Rel-15 steps. We note that any part of the steps which are not relevant due to certain DCI formats are not configured for UE to monitor can be skipped. 

	Step 0:
· The size of the DCI formats 1_0 monitored in CSS is determined from DL initial BWP size, while the size of DCI formats 0_0 monitored in CSS is determined by the size of CORESET0 if configured or initial DL BWP size otherwise. 
· DCI formats 0_0 and 1_0 monitored in CSS are sized aligned by zero-padding or truncating FDRA filed of DCI format 0_0.
Step 1: 
· The size of the DCI formats 1_0 and 0_0 monitored in USS are determined from DL and UL active BWP size, respectively.
· If PUSCH is configured to be transmitted on both the SUL and non-SUL of the cell, then the DCI format 0_0 in USS for the SUL and non-SUL are sized aligned by zero-padding the smaller size until the sizes are the same.
· DCI format 0_0 and 1_0 monitored in USS are sized aligned by zero-padding the smaller size until the sizes are the same.
Step 2: 
· If PUSCH is configured to be transmitted on both the SUL and non-SUL of the cell, then the DCI format 0_1 in USS for the SUL and non-SUL are size-aligned by zero-padding the smaller size until the sizes are the same.
· If the size of DCI formats 0_1/1_1 in USS equals the size of DCI formats 0_0/1_0 in another USS, manipulate the size of DCI formats 0_1/1_1 in USS by appending one zero padding bit.
· Similarly, if the size of DCI formats 0_2/1_2 in USS equals the size of DCI formats 0_0/1_0 or 0_1/1_1 in another USS, manipulate the size of DCI formats 0_2/1_2 in USS by appending one zero padding bit.
Step 3: 
· Check the DCI size budget (e.g., 3+1 or 4+1 or else) including DCI with C-RNTI and CS-RNTI. If not satisfied, continue; otherwise the procedure is complete.
Step 4: 
· Revert padding (if any) introduced in Step 2.
· Align DCI formats 0_0/1_0 in USS with DCI formats 0_0/1_0 in CSS.
· Repeat Step 2.
· Check the budget (can be 3+1 or 4+1 or else) including DCI with C-RNTI and CS-RNTI. If not satisfied, continue; otherwise the procedure is complete.
Step 5: 
· DCI formats 0_2/1_2 in USS are size-aligned by padding zero bits to the smaller one.
· Check the budget (can be 3+1 or 4+1 or else) including DCI with C-RNTI and CS-RNTI. If not satisfied, continue; otherwise the procedure is complete.
Step 6: 
· If DCI formats 0_0/1_0 are not configured in USS but DCI formats 0_2/1_2 are configured in USS, further align DCI formats 0_2/1_2 in USS with DCI formats 0_0/1_0 in CSS.
· Check the budget (can be 3+1 or 4+1 or else) including DCI with C-RNTI and CS-RNTI. If not satisfied, continue; otherwise the procedure is complete.
Step 5: 
· DCI formats 0_2/1_2 in USS is dropped (i.e., not monitored).
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