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1	Introduction
The focuses of PDCCH enhancement in Rel-16 eURLLC work item [1] are on itemizing details of specific DCI for URLLC and on enhancing UE’s PDCCH monitoring capability.
In this contribution, we first provide views on DCI contents for URLLC including discussions on potential reduction of field sizes and new fields to include in the DCI. Following the agreements made in RAN1 #97 [2], we analyze different options for FDRA type 1 and propose a suitable solution for the modified FDRA type 1 for DCI scheduling URLLC.
	
Agreements:
· 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

Agreements:
Support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC with one of the following modifications compared to Rel-15: 
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication
· Alt.1: The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15
· Alt. 2: A new RRC parameter to configure the scheduling granularity  
· Option 2: Separate configurable starting point granularity and length indication granularity 




Next, we discuss PDCCH monitoring capability enhancements in terms of the maximum number of non-overlapping CCEs for channel estimation. Following the agreements in RAN1 #97, we address open issues regarding the per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span.
	
Agreements:
Take the following framework as the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span: 
· PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point  
· FFS whether any modification needed  

Agreements:
· The per-CC limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span for a certain combination (X, Y, ) is C
· FFS aspects related to UE capability
· FFS the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is same or different across different spans within a slot 
· Example of combinations as shown in the following table:
· FFS the value of C
· Companies are encouraged to report the potential aspects that have impact on the value of C
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	
	
	
	
	
	

	Combination 2
	
	
	
	
	
	

	…
	
	
	
	
	
	

	Note: 
· The table here doesn’t mean increased PDCCH monitoring capability is supported for all SCS. N/A can be filled in the corresponding cell for the SCS not applicable 










· FFS interaction with Rel-15-based limitation, e.g., whether to increase the limit for PDCCH monitoring case 1 under the increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation  




[bookmark: _Ref178064866]2	Discussion
2.1	Specific DCI for URLLC
As outlined in the Rel-16 eURLLC WID, DCI format scheduling URLLC should support configurable sizes for some fields allowing the DCI size to be flexible, i.e., to reduce by 10~16 bits compared to, become larger than, or possible to align with the size of Rel-15 fallback DCI format. 
In this section, we discuss different aspects and open questions of specific DCI for URLLC such as
· whether there is a need to define new DCI formats 
· how to modify FDRA type 1 to support start and/or length granularity of larger than1 PRB, and  
· which new field to include in the DCI. 
As for our proposals for the complete DCI content, we refer to examples in Tables A1 and A2 in the appendix Section A.1. 
2.1.1 	DCI format for URLLC
We note that some DCI fields in the Rel-15 non-fallback DCI formats are already configurable in size. For URLLC, the minimum and/or maximum size of these fields can be further shortened if needed. New fields can also be included to enable new enhancements or functionalities specified in Rel-16 WI. 
From the discussions so far, at least four main reasons have been mentioned to motivate the need of new DCI formats for URLLC:
1. To support very small DCI size
2. To use the format as a service indication
3. To accommodate new DCI fields
4. To support simultaneous scheduling of multiple traffic types, e.g., eMBB and URLLC using both non-fallback DCI and new DCI formats
In our view, the first reason is not justified as the current non-fallback formats are already configurable to be very small in size if needed. The second reason may not be efficient as there can be several service/traffic types available. Identifying the traffic type based on the DCI format itself would be rather an ad-hoc solution. The third reason depends on how many new dynamic signaling through new DCI fields specifically for the URLLC are needed. From the discussion so far, proposals for DCI for URLLC resemble pretty much the existing non-fallback DCI formats with an extension to include a few new fields with configurable sizes. Therefore, reuse of the existing non-fallback DCI format with some extension seems to be a suitable solution. For the fourth reason listed above, it may be viewed as performance optimization. In most cases, using non-fallback DCI format suitable for URLLC to schedule both eMBB and URLLC can be sufficient.     

[bookmark: _Toc4599246][bookmark: _Toc7818251][bookmark: _Toc16897256]Some new DCI fields can be included to support new URLLC enhancements such as multi-segment PUSCH transmission/repetition and inter/intra UE transmission prioritization/multiplexing. 
[bookmark: _Toc7818261][bookmark: _Toc16897263]Reuse existing non-fallback DCI formats 0_1/1_1 with an extension to include new configurable fields for scheduling URLLC.
[bookmark: _Toc7818262][bookmark: _Toc16897264]Consider examples of DCI in Tables A1 and A2 containing a new field for transmission parameter configuration.

2.1.2 	DCI size alignment
In case that a new DCI format is introduced for URLLC, its size may differ from other existing DCI sizes potentially leading 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 budget on the number of DCI sizes 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 both URLLC and eMBB, it is unclear whether this limit will be relaxed. 
If new DCI formats have different sizes than those of existing formats and if all existing formats including the new formats are configured for UE to monitor, the UE should e.g. be capable of monitoring more DCI sizes in the cell than what is supported in Rel-15. Otherwise, certain limitation is required. It could be that only a limited set of DCI formats is configured for UE to monitor within its DCI size budget, or some further steps in addition to the current DCI size alignment procedure in [3] needs to be introduced. On the other hand, if the non-fallback DCI with possible configurable new fields is used for scheduling URLLC, there will be no impact on the existing DCI size alignment procedure.

[bookmark: _Toc7818254][bookmark: _Toc16897257]Reusing existing non-fallback DCI with extension of new configurable fields for scheduling URLLC does not require any change to the existing DCI size alignment procedure as the number of DCI sizes to monitor is not impacted.
[bookmark: _Toc7818255][bookmark: _Toc16897258]If new DCI formats are introduced, an update to Rel-15 DCI size alignment procedure may be needed. 

2.1.3 	Repetition factor indicated through TDRA field in the DCI
To support PUSCH enhancement in Rel-16, a dynamic indication for repetition factor of PUSCH transmission is required. In view of keeping the DCI size small (e.g., by 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. 
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. We also note that if supported, the indicator can be applicable to both slot-based and non-slot-based repetition.
[bookmark: _Toc16897259]Adding extra column in the configured TDRA table does not affect the TDRA field size. 
[bookmark: _Toc16897265]A configured TDRA table 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. 

2.1.4 	Modified FDRA type 1 
According to the agreement from RAN1 #97, DCI scheduling URLLC supports at least FDRA type 1 with start and/or length granularities larger than 1 PRB. We refer to this as the modified FDRA type 1 for the rest of the discussion.
First, we compare FDRA type 0 and type 1, and argue that with the same scheduling granularity, FDRA type 0 always requires a larger number of bits than FDRA type 1 as shown in Figure 1. Therefore, in view of keeping the DCI size small, FDRA type 0 is not needed for DCI scheduling URLLC. 
[image: ]
Figure 1: Number of bits required for FDRA field for FDRA type 0 and modified FDRA type 1 using the two configurations of type 0 RBG size.
[bookmark: _Toc16897260]With the same scheduling granularity, FDRA type 0 always requires a larger number of bits than FDRA type 1. 
[bookmark: _Toc16897266]FDRA type 0 is not supported for DCI scheduling URLLC.

[bookmark: _Hlk11324096]Next, we consider modified FDRA type 1 with Option 1 in the agreement where the starting point and length granularity are the same. In Figure 2 (a), we see that the number of bits required for FDRA field varies according to the granularity (denoted by RBG size) and BWP size. 
We also note that it is reasonable to have scheduling granularity adjusted to the size of BWP. That is, it is desirable to maintain reasonably fine granularity of RBG size when the BWP is small although the goal is to reduce the number of needed bits. One option is to reuse the RBG size defined for FDRA type 0 for the start/length granularity of the modified FDRA type 1 (Option 1, Alt 1).
When a large RBG size (coarse granularity) is used for FDRA type 1, the required number of bits can be significantly reduced but at a cost of scheduling flexibility. In some case, the limited flexibility can cause resource blocking and fragmentation, especially for a service area with mixed traffics, e.g., both URLLC and eMBB. Allowing more flexibility in terms of finer starting point granularity can be a good option to provide extra scheduling flexibility without adding many extra bits. We note that it is more reasonable to allow a finer granularity of starting point rather than the other way around. In Figure 2 (b), we can see that having starting point granularity at half of the length granularity requires at most 1 extra bit in the FDRA field and thus can be a good tradeoff between scheduling flexibility and number of bits needed. 
[image: ][image: ]
(a) Same granularity for start and length		 (b) Possibly different granularities for start and length

Figure 2: Number of bits required for FDRA field for type 1 using different start/length granularity. 

[bookmark: _Toc16897261]Allowing starting point granularity to be finer than length granularity can provide extra scheduling flexibility. Using half of the length granularity for the start granularity requires at most one extra bit for the FDRA filed size. 
Based on the analyses above, we propose that FDRA type 1 using scheduling granularity as defined for RBG size configuration of FDRA type 0 is supported as a baseline where there is an option to configure the starting point granularity scaling, e.g., to be half of the RBG size. The starting point granularity configuration is through RRC signaling as part of the modified FDRA type 1 configuration. The RIV formula is determined differently based on the starting and length granularity values.
[bookmark: _Toc16897267]Support Option 1 Alt 1 for FDRA type 1 as a baseline where it is possible to additionally configure an option for finer starting point granularity, e.g., half of the length granularity.
[bookmark: _Toc16897268]Introduce new RRC parameter in PDSCH-Config, PUSCH-Config, and ConfiguredGrantConfig IE to select between different RBG size configurations and options for finer starting point granularity for FDRA type 1. The parameter is used only when it is present and resource allocation type 1 is configured.

[bookmark: _Hlk11324586]Supporting different starting point and length granularities would however require some changes in the specification on the resource indication value (RIV) formula for FDRA type 1. In the appendix Section A.2.1, we propose a new formula to calculate the RIV for general starting point and length granularities which can be different and larger than 1 PRB.
[bookmark: _Toc16865337][bookmark: _Toc16869740][bookmark: _Toc16865338][bookmark: _Toc16869741][bookmark: _Toc16865339][bookmark: _Toc16869742][bookmark: _Toc16865340][bookmark: _Toc16869743][bookmark: _Toc16865341][bookmark: _Toc16869744][bookmark: _Toc16865342][bookmark: _Toc16869745][bookmark: _Toc16865343][bookmark: _Toc16869746][bookmark: _Toc16865344][bookmark: _Toc16869747][bookmark: _Toc16865345][bookmark: _Toc16869748][bookmark: _Toc16865346][bookmark: _Toc16869749][bookmark: _Toc16865347][bookmark: _Toc16869750][bookmark: _Toc16865348][bookmark: _Toc16869751][bookmark: _Toc16865349][bookmark: _Toc16869752][bookmark: _Toc16865350][bookmark: _Toc16869753][bookmark: _Toc16865351][bookmark: _Toc16869754][bookmark: _Toc16865352][bookmark: _Toc16869755][bookmark: _Toc16865353][bookmark: _Toc16869756][bookmark: _Toc16865354][bookmark: _Toc16869757][bookmark: _Toc16865355][bookmark: _Toc16869758][bookmark: _Toc16867532][bookmark: _Toc16871935][bookmark: _Toc16897269]Introduce a new formula for calculating RIV for the modified FDRA type 1 where start and/or length granularities are larger than 1 PRB and can be different.

2.1.4.1 	Scheduling granularity depending on the scheduled frequency domain allocation
To further reduce FDRA field size without noticeably affecting scheduling flexibility, a simple variation it to have a scheduling granularity being dependent on the actual scheduled resource allocation () rather than the configured BWP size. 
For example, a few levels of scheduling granularity (for starting VRB and/or length) can be configured for different ranges of scheduled frequency-domain resource allocation as shown in Table 1. 
Table 1. Example: Modified Type 1 Frequency domain resource configuration for PDSCH and PUSCH. 
	Range of scheduled frequency domain allocation (PRBs)
	Length/starting VRB granularity (PRBs)
	Valid length for frequency-domain allocation  (PRBs)

	4-20
	4
	4, 8, 12, 16, 20

	24-40
	8
	24, 32, 40

	48-256
	16
	48, 64, 80, 96, 112, 128, 144, 160, 176, 192, 208, 224, 240, 256



Table 1 shows an example when there are three levels of length/starting VRB granularities: 4,8, and 16 RPBs. The table can be used for a range of BWP sizes. For example, if BWP size is smaller than 256, only valid lengths smaller than or equal to the BWP size are included from Table 1. The valid frequency-domain allocation lengths  are shown for each scheduling granularity level. Using a reduced set of valid lengths  , as illustrated in Table 1, further reduces the number of RIV values, thus saving DCI field bits. 
In order to generate RIV value for each row of Table 1, the formula in Appendix A.2.2 can be used. Then the final RIV value can be obtained by concatenating RIV values for each row of Table 2.
[bookmark: _Toc16897270]Support scheduling granularity larger than 1 PRB for FDRA type 1 where the granularity depends on the scheduled frequency-domain resource allocation.

2.1.5 	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 to the existing NR Rel-15 including 
· 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 
· 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/grant 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
	Transmission/grant priority indication

	0
	low

	1
	high







[bookmark: _Toc16897271]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, power boosting, and LBT parameters.

2.2	Improved PDCCH monitoring capability
2.2.1 	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 signalling 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 between (X,Y)= (2,2) and (4,3), 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.

[bookmark: _Toc16897272]Confirm the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span:
· [bookmark: _Toc16897273]PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point  
[bookmark: _Toc16897274]Introduce a new candidate value (X,Y) = (3,2) or (3,3) to provide an extra intermediate level for UE PDCCH monitoring capability.

2.2.2 	The per-CC limit on the maximum number of non-overlapping CCE for channel estimation per monitoring span for different combination 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 combination 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 combination 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
	2 or 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 can 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.

[bookmark: _Toc16897262]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: _Toc16897275]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. 

2.2.3 	Actual CCE limit per monitoring span when multiple candidate values (X,Y) are reported
Regardless of whether the limit value C is fixed in the specification or reported together with (X,Y) as part of the capability signalling, it is possible that multiple candidate values (X,Y) are reported. Thus, there might be a need to determine the actual limit to be used.
One way to resolve such issue is to take into account the number of monitoring spans in the monitoring span pattern in a slot to determine the actual limit on the maximum number of non-overlapping CCE per monitoring. One option can be the following: 
· Option A:	The actual CCE limit per monitoring span is determined based on the number of (non-empty) spans in a slot. That is,
· if there are 1 (non-empty) monitoring span in a slot, the actual CCE limit follows the Rel-15 slot limit or any new slot limit if any.
· if there are 2 (non-empty) monitoring spans in a slot, the actual CCE limit follows the limit value C corresponding to (X,Y) = (7,3).
· if there are 3 (non-empty) monitoring spans in a slot, the actual CCE limit follows the limit value C corresponding to (X,Y) = (4,3).
· if there are 4 (non-empty) monitoring spans in a slot, the actual CCE limit follows the limit value C corresponding to (X,Y) = (3,2) or (3,3).
· if there are 5-7 (non-empty) monitoring spans in a slot, the actual CCE limit follows the limit value C corresponding to (X,Y) = (2,2).
If a new per-slot CCE limit is introduced, another option to determine the actual CCE limit per monitoring span can be the following:
· Option B: The actual CCE limit per monitoring span is determined as
.

Finally, PDCCH candidates in a search space configuration may not be uniform across different monitoring spans in a slot. It could be that there are more PDCCH candidates to monitor in the first span, or there exist some empty monitoring spans in a slot without any PDCCH candidates to monitor. To maintain high PDCCH monitoring efficiency at the UE, the determined per-span limit can be further modified. For example, it can be modified to support a larger limit for the first monitoring span, or to increase the per-span limit by taking into account only non-empty spans in a slot.

[bookmark: _Toc16897276]When multiple candidate values (X,Y) are reported, the actual limit for the maximum number of non-overlapping CCE for channel estimation per span is determined based on the reported values (X,Y) and the number of (non-empty) PDCCH monitoring spans in a slot. A solution can be further down-selected from Options A and B above.
[bookmark: _Toc16897277]Support the same limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span across different spans within a slot as a starting point. Further consider a modification to support larger per-span limit for the first span in a slot, or larger per-span limit for the non-empty spans.

Conclusion
In the previous sections we made the following observations: 
Observation 1	Some new DCI fields can be included to support new URLLC enhancements such as multi-segment PUSCH transmission/repetition and inter/intra UE transmission prioritization/multiplexing.
Observation 2	Reusing existing non-fallback DCI with extension of new configurable fields for scheduling URLLC does not require any change to the existing DCI size alignment procedure as the number of DCI sizes to monitor is not impacted.
Observation 3	If new DCI formats are introduced, an update to Rel-15 DCI size alignment procedure may be needed.
Observation 4	Adding extra column in the configured TDRA table does not affect the TDRA field size.
Observation 5	With the same scheduling granularity, FDRA type 0 always requires a larger number of bits than FDRA type 1.
Observation 6	Allowing starting point granularity to be finer than length granularity can provide extra scheduling flexibility. Using half of the length granularity for the start granularity requires at most one extra bit for the FDRA filed size.
Observation 7	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.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Reuse existing non-fallback DCI formats 0_1/1_1 with an extension to include new configurable fields for scheduling URLLC.
Proposal 2	Consider examples of DCI in Tables A1 and A2 containing a new field for transmission parameter configuration.
Proposal 3	A configured TDRA table 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	FDRA type 0 is not supported for DCI scheduling URLLC.
Proposal 5	Support Option 1 Alt 1 for FDRA type 1 as a baseline where it is possible to additionally configure an option for finer starting point granularity, e.g., half of the length granularity.
Proposal 6	Introduce new RRC parameter in PDSCH-Config, PUSCH-Config, and ConfiguredGrantConfig IE to select between different RBG size configurations and options for finer starting point granularity for FDRA type 1. The parameter is used only when it is present and resource allocation type 1 is configured.
Proposal 7	Introduce a new formula for calculating RIV for the modified FDRA type 1 where start and/or length granularities are larger than 1 PRB and can be different.
Proposal 8	Support scheduling granularity larger than 1 PRB for FDRA type 1 where the granularity depends on the scheduled frequency-domain resource allocation.
Proposal 9	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, power boosting, and LBT parameters.
Proposal 10	Confirm the working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span:
•	PDCCH monitoring span follows the definition in UE feature 3-5b as a starting point
Proposal 11	Introduce a new candidate value (X,Y) = (3,2) or (3,3) to provide an extra intermediate level for UE PDCCH monitoring capability.
Proposal 12	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 13	When multiple candidate values (X,Y) are reported, the actual limit for the maximum number of non-overlapping CCE for channel estimation per span is determined based on the reported values (X,Y) and the number of (non-empty) PDCCH monitoring spans in a slot. A solution can be further down-selected from Options A and B above.
Proposal 14	Support the same limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span across different spans within a slot as a starting point. Further consider a modification to support larger per-span limit for the first span in a slot, or larger per-span limit for the non-empty spans.
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Appendices
A.1	Example of DCI for URLLC
Table A1. Proposed DL assignment DCI for URLLC 
	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
	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.

	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.
TDRA field size can be reduced if the SLIV reference is changed to some PDCCH symbol. However, the reduction may not be much, e.g., only 1-bit reduction if the table size is reduced by half.  Moreover, an indicator on the SLIV reference whether it is based on slot boundary or some PDCCH symbol would be needed and all specifications related to SLIV need to be updated. There can also be impacts to MAC spec, e.g., on the formula for DL-SPS activation. 
If reference of the SLIV is based on slot boundary, specification impact is minimized. With configurable TDRA fields size up to 16 entries, the signaling flexibility should be sufficient. 
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
	1
	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
	3
	With faster HARQ round trip time, the number of processes can be limited. 

	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 (0-2)
	Depending on number of layers for MIMO transmission
Assuming SU-MIMO only, we can have 
· 0 bit (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).

	Transmission configuration indicator
	-
	0 or 3 
	Configurable (0-2)
	For indicating different TCI states of multi-TRP transmission in case of URLLC with multi-TRP

	SRS request
	-
	2
	Configurable where 0 bit is one possible value
	

	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 for URLLC 
	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 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.

	Time-domain PUSCH resource assignment
	4
	0-4
	Configurable (0-3)
	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.
TDRA field size can be reduced if the SLIV reference is changed to some PDCCH symbol. However, the reduction may not be much, e.g., only 1-bit reduction if the table size is reduced by half.  Moreover, an indicator on the SLIV reference whether it is based on slot boundary or some PDCCH symbol would be needed and all specifications 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, the signaling flexibility should be sufficient. 
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
	1
	Limited set of RV sequences taking into account no. of retransmission allowed within latency limit.

	HARQ process number 
	4
	4
	4
	 

	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
	1 
	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
	0
	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 (0-1)
	For supporting UL beamforming in FR2. For periodic traffic, periodic SRS can also be configured. 

	CSI request
	-
	0-6
	Configurable (0-2)
	

	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
	-
	

	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	RIV formula for the modified FDRA type 1   
A.2.1	RIV formula for the modified FDRA type 1 when granularities of starting VBR and/or length are larger than 1 PRB  

Downlink/uplink frequency domain resource allocation (FDRA) type 1 field consists of a resource indication value (RIV) corresponding to a starting virtual resource block () and a length in terms of contiguously allocated resource blocks. The starting virtual resource block  has granularity of  PRB, that is, where   is an integer and . The number of contiguously allocated resource blocks  has granularity of   PRB, that is, , where   is an integer, , . Consider the case where the granularity   is one or more integer multiple of granularity  , that is,  where  is an integer and . 
Let
,
,,
, and
 .

The resource indication value RIV is defined as follows. 
If  then

else 

where  shall not exceed . 
Note that the number of possible combinations of (, ) is . Thus, the FDRA field size in the scheduling DCI is  bits.
Example: Let =16 PRBs, granularity  =2 PRBs, granularity   =4 PRBs.
The RIV for this case is shown in Table A3 below. It corresponds to 16 possible combinations of (, ), with   and . Thus, the DCI FDRA field size is 4 bits.
Table A3. RIV for =16 PRBs, granularity  =2 PRBs, granularity   =4 PRBs.
	
	
	RIV

	0
	4
	0

	2
	4
	1

	4
	4
	2

	6
	4
	3

	8
	4
	4

	10
	4
	5

	12
	4
	6

	0
	8
	8

	2
	8
	9

	4
	8
	10

	6
	8
	11

	8
	8
	12

	0
	12
	15

	2
	12
	14

	4
	12
	13

	0
	16
	7




A.2.2	RIV formula for the modified FDRA type 1 when granularities of starting VBR and length are equal and larger than 1 PRB, and the range of  is limited
The modification to the resource indicator value (RIV) for FDRA introduces a fixed granularity for length and starting VRB larger than 1 PRB, and also limits the allocation width from  to . In this case, the method for deriving RIV is described in the following. 
Let the fixed granularity for length and starting VRB  be , where  is an integer number with . Let  and , where  and  are positive integers with   For example, in 2nd row of Table 1, ,  .,  The resource indication value RIV is obtained by the following.
Let


if  then

else 

where  shall not exceed . 
The number of possible combinations of (, ) is: . Thus, the field size in the downlink scheduling DCI for frequency domain resource allocation is:   (bits).  
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