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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: _GoBack]Introduction
In RAN1#98bis meeting, PDCCH enhancements for URLLC are discussed. Some agreements are achieved as following [1]:
Agreements:
[bookmark: OLE_LINK4]Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for DL scheduling for Rel-16 URLLC.
· If 0 bit is configured, RV0 is used. 
· If 1 bit is configured, RV0 and RV3 are indicated dynamically  

In email discussion after RAN1#98bis meeting, the following conclusions on TDRA are agreed.  
Agreements:
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK7]For time domain resource allocation indication for PDSCH for Rel-16 URLLC in new DCI format, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is supported.
· A RRC parameter is used to enable the utilization of the new reference  
· When the RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0
· FFS: Other entries with K0>0 can also be included in the same TDRA table 
· For other entries (if any) in the same TDRA table, the reference is slot boundary as in Rel-15.

Agreements:
PDSCH mapping type A is not supported with the new reference.

Besides, we have the following agreements in RAN1#98 meeting:
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
· 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

In this contribution, we share our view on PDCCH enhancements for URLLC.
2. DCI format for URLLC
According to the previous agreements, the minimum DCI size with a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 is supported, which targets to meet reliability requirement. In RAN1#98 meeting, new DCI format with configurable sizes for UL and DL scheduling is agreed. In following section, the compact DCI design is discussed. 
2.1. DCI field with the potential payload reduction
· Time domain resource assignment
In email discussion after RAN1#98bis meeting, the new reference of SLIV in TDRA is agreed. When RRC parameter enables the utilization of the new reference, the new reference is applied for TDRA entries with K0=0. One remaining issue is whether other entries with K0>0 can also be included in the same TDRA table.
New DCI can also be used for scheduling both eMBB and URLLC PDSCH. For eMBB service, scheduling with the lower latency requirement is not necessary, for example, cross slot scheduling can still be operated. Thus, SLIV following the new reference is not mandated for all TDRA entries.  
[bookmark: _Ref20234552][bookmark: _Ref24047188]Proposal 1: The entries with K0>0 can also be included in the TDRA table configured with new reference of the SLIV. For these entries with K0>0, the reference is slot boundary as in Rel-15.
· MCS
For URLLC service with the high reliability requirement, the lower code-rate entries are introduced to guarantee BLER target requirement in Rel-15. For new DCI, the size of MCS filed can be reduced, for example, some high modulation order entries may be not configured for saving the payload size. MCS table with the fewer entries can be configured by gNB. Thus, the configurable size (2 or 3 or 4 or 5bits) for MCS field for the DCI scheduling is supported in Rel-16.
[bookmark: _Ref23879469][bookmark: OLE_LINK5]Proposal 2: Support configurable size (2 or 3 or 4 or 5bits) for the MCS field for the DCI scheduling in Rel-16.
· RV
This field is related the conclusion on PUSCH enhancement agenda. It has been agreed that configurable number of bits (0 or 1 or 2 bits) is supported for RV field for DL scheduling. In principle, the same configuration can be reused for UL scheduling.
[bookmark: _Ref24047133]Proposal 3: Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for UL scheduling in Rel-16.
2.2. DCI format with additional fields for URLLC 
For scheduling DCI for URLLC service, some new fields can be introduced to adapt URLLC service character.
· Priority indication
For Rel-16 URLLC enhancement, three types of indications are discussed, e.g. HARQ codebook indication, PDSCH priority indication and minimum processing timeline indication. From the simplicity of specification and implementation perspective, a unified solution for these indications is suggested. Whether this field exists or not in DCI can base on the conclusion in UCI or OOO scheduling/HARQ enhancement agenda.
[bookmark: _Ref20235175][bookmark: _Ref23879682]Proposal 4: Whether priority indication field is introduced is dependent on conclusion in UCI or OOO scheduling/HARQ enhancement agenda. If the explicit bit in DCI is agreed, priority indication field can be included in DCI.
2.3. DCI size alignment
In Rel-15, In order to minimize the complexity of UE, There is a budget limit on the size of the DCI, the total number of different DCI sizes configured to monitor is no more than 4 for the cell, and the number of different DCI size with C-RNTI configured to monitor is no more than 3 for the cell. 
According to the agreement from the previous meeting, new DCI format with configurable sizes for UL and DL scheduling is agreed. Their sizes can differ from other existing DCI sizes, and this may bring different DCI sizes to monitor. 
The DCI size alignment procedure in Rel-15 is based on Rel-15 DCI design and the DCI size budget of “3+1”. Since the introduction of the new DCI format with configuration sizes, there are more DCI format configurations need monitor at UE side. The size alignment procedure would require some extension based on new DCI formats.
[bookmark: _Ref23879696]Proposal 5: Introduce an extension of Rel-15 DCI size alignment procedure to support new DCI formats.
3. Increased PDCCH monitoring capability
One issue is discussed on handling the co-existence of Rel-16 PDCCH monitoring capability with the existing Rel-15 slot-level PDCCH monitoring capability. Two options are discussed, which is also related to out-of-order scheduling/HARQ issue [3].
For option 1, UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability. For this option, one concern is how to define the separation/identification of the PDCCH monitoring based on Rel-15 PDCCH monitoring capability and based on the Rel-16 PDCCH monitoring capability. As discussed in [3], if different DL processing time configured on the same serving cell is supported and different CORESETs is used to identifying minimum processing timing is agreed, UE can determine the corresponding minimum processing timing of PDSCHs before decoding PDCCH. It is beneficial for latency reduction since quickly processing both PDCCH and PDSCH with the minimum processing timeline 2 can be achieved at UE side. In this case, option 1 is preferred. However, CORESETs for eMBB and URLLC service with separate configuration are required for this method, which would restrict gNB scheduling flexibility and may lead to the increasing PDCCH blockage, especially for overlapped CORESET configuration cases.
For option 2, UEs support different capability, i.e. Rel-15 capability or Rel-16 capability. According to the discussion in out-of-order scheduling/HARQ agenda, if only single DL processing time is configured on the same serving cell or different DCI sizes is used for identifying the minimum processing timing, option 2 can also work well. On the other hand, option 2 can support both single processing time capability and mixed processing time capability. Thus, option 2 is preferred. 
[bookmark: _Ref20235191]Proposal 6: For a Rel-16 UE supporting enhanced PDCCH monitoring capability, option 2 is preferred unless there is a need to differentiate eMBB and URLLC using separate CORESETs.
Another open issue is whether support span combination (3, 3) or (3,2) or not. UE capability supports the maximum seven PDCCH monitoring occasions with different starting symbols within a slot. In our opinion, a span can include multiple PDCCH monitoring occasions. From PDCCH monitoring occasions configuration perspective, there is no large difference between span combination (4,3) and (3,X). Thus, the introduce of span (3,X) is not preferred. 
[bookmark: _Ref20906969]Proposal 7: Span (3, 3) or (3,2) are not supported 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.
In Rel-15, the number of BDs and CEs are defined per slot. The number of BDs/CEs for different SCSs are defined as 44/36/22/20 and 56/56/48/32, respectively. 
According to evaluation results from SI stage, PDCCH with 16 CCEs are required to satisfy reliability requirement. Considering URLLC service with the sporadic arrival character and the lower latency requirement, seven monitoring spans and at least 16 non-overlapped CCEs per span should be supported by UE capability within a slot for URLLC. 
For a URLLC only UE, UE may detect fallback DCI on CSS and URLLC DCI on USS. Taken span combination (2,2) as an instance, it should be provided at least 16 CCEs within a monitoring occasion for URLLC DCI. Assuming 8 CCEs is used for PDCCH monitoring on CSS. Therefore, the number of monitoring CCEs within a span is 24 for span combination (2,2). For a slot, the maximum number of PDCCH monitoring occasions with different start symbols is up to seven. Thus, the number of CCEs monitored within a slot is at least 168. For other span combinations, the same number of non-overlapping CCEs within a slot is assumed, which is the same to Rel-15. Thus, PDCCH monitoring capability is 56 and 84 for span combination (4,3) and (7,3), respectively. The instance for different combinations of {[X,Y]i, Ci} are listed in table 5 for URLCL only UE.
For UE supporting both eMBB and URLLC service, additional 8 CCEs for eMBB PDCCH monitoring on USS are assumed. In this case, the number of monitoring CCEs within a span is 32 for span combination (2,2). PDCCH monitoring capability is 74 and 112 for span combination (4,3) and (7,3), respectively. The instance for different combinations of {[X,Y]i, Ci} are listed in table 6 for UE supporting both eMBB and URLLC services.
Table 5 PDCCH monitoring capability for URLLC only UE
	
	X
	Y
	C

	
	
	
	µ=0
	µ=1

	Case 3 (2,2)
	2
	2
	24
	24

	Case 6 (4,3)
	4
	3
	56
	56

	Case 9 (7,3)
	7
	3
	84
	84


[bookmark: _Ref20235308]
Table 6 PDCCH monitoring capability for UE supporting both eMBB and URLLC services
	
	X
	Y
	C

	
	
	
	µ=0
	µ=1

	Case 3 (2,2)
	2
	2
	32
	32

	Case 6 (4,3)
	4
	3
	74
	74

	Case 9 (7,3)
	7
	3
	112
	112



[bookmark: _Ref20907596]Proposal 8: Table 5 and Table 6 can be considered for further discussion for UE PDCCH monitoring capability definition.
In Rel-15, the PDCCH overbooking is performed per slot. When BDs/CEs overbooking happens, UE would drop all PDCCH candidates in a USS search space set with the highest search space set ID. It is not appropriate for URLLC service, because URLLC PDCCH on a search space set with the highest SSS ID can also be dropped, which is not expected. Considering Rel-16 monitoring capability is defined on span basis. The dropping rule per monitoring span can be defined. For a span, when CCEs overbooking occurs, the CCEs for monitored URLLC PDCCH should have the higher priority. If SSS of eMBB and URLLC service are separately configured, i.e. with different SSS ID, the SSS for eMBB service can be dropped firstly. If the shared SSS is configured for eMBB and URLLC service. The CCEs for eMBB PDCCH monitoring should be dropped firstly.  The details can be FFS. 
[bookmark: _Ref20910707]Proposal 9: For overbooking, the dropping rule per monitoring span can be considered.
4. Conclusion
In the contribution, we have some investigations on URLLC PDCCH enhancement, and propose that,
Proposal 1: The entries with K0>0 can also be included in the TDRA table configured with new reference of the SLIV. For these entries with K0>0, the reference is slot boundary as in Rel-15.
Proposal 2: Support configurable size (2 or 3 or 4 or 5bits) for the MCS field for the DCI scheduling in Rel-16.
Proposal 3: Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in the new DCI format for UL scheduling in Rel-16.
Proposal 4: Whether priority indication field is introduced is dependent on conclusion in UCI or OOO scheduling/HARQ enhancement agenda. If the explicit bit in DCI is agreed, priority indication field can be included in DCI.
Proposal 5: Introduce an extension of Rel-15 DCI size alignment procedure to support new DCI formats.
Proposal 6: For a Rel-16 UE supporting enhanced PDCCH monitoring capability, option 2 is preferred unless there is a need to differentiate eMBB and URLLC using separate CORESETs.
Proposal 7: Span (3, 3) or (3,2) are not supported 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.
Proposal 8: Table 5 and Table 6 can be considered for further discussion for UE PDCCH monitoring capability definition.
Proposal 9: For overbooking, the dropping rule per monitoring span can be considered.
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