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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#98 meeting, PDCCH enhancements for URLLC are discussed. Some agreements are achieved as following [1]:
· 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
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
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
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
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 email discussion after RAN1#98 meeting, the following conclusions on FDRA are agreed.    
· 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 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 the last meeting, new DCI format with configurable sizes for UL and DL scheduling is agreed. 
In following section, the compact DCI design is discussed. Assuming 50 RBs bandwidth, the fallback DCI payload size is 63 bits. The corresponding payload size of compact DCI would be 47~53 bits.
2.1. DL related DCI field with the potential payload reduction
· Time domain resource assignment
It has been agreed that configurable TDRA table as in Rel-15 DCI format 1_1 is supported for the DL DCI format scheduling Rel-16 URLLC. In Rel-15, time domain resource assignment indicates the set of OFDM symbols used for PDSCH transmission, the start slot, and the PDSCH mapping type. This field is comprised of 4 bits, which indicates the partial combinations due to the limited number of bits. Generally, PDSCH mapping type B can be as the default configuration for URLLC scheduling and needn’t be indicated. Besides, PDCCH and PDSCH can be allocated based on the adjacent or overlapped manner considering the shorter latency requirement. Thus, K0 value range can be refined. 
In the current mechanism of time domain RA, the time reference is relative to slot boundary. Table 1 lists the starting symbol index relative to the start of the slot. Five bits are required for indicating all the combinations of SLIV. Actually, only partial combinations can be indicated in scheduling DCI due to the limited bits of TDRA, which leads to the restricted starting symbol of PDSCHs, as shown in Figure 1. This would influence the scheduling flexibility and increase latency. 
Table 1 the starting symbol relative to the start of the slot
	Length
	Starting symbols
	The number of combination

	2
	0~11
	29

	4
	0~9
	

	7
	0~6
	


 



Figure 1. Since the limited TDRA value configuration, DL grant on the different MO is restricted to schedule PDSCH with the same starting symbol
Considering the latency requirement of URLLC, indication of the relative location of starting symbols is beneficial, for example, the offset of PDSCH starting symbol relative to the end of the monitoring CORESET can be applied, as shown in Table 2. Compared to Table 1, this indication is more suitable to URLLC service character and signaling overhead can be reduced. On the other hand, zero bit TDRA field has been agreed. When zero bit TDRA field is configured, UE would use the TDRA value configured by RRC signaling. If starting symbol with an absolute value is used, only one scheduling opportunity is available within one slot, which is not feasible for URLLC service. 
Table 2 the starting symbol relative to the end of the CORESET 
	Length
	Offset

	2
	0,1

	4
	0,1

	7
	0,1


Notes: Offset value 0 expresses CORESET is embedded in PDSCH transmission. Offset 1 expresses the starting symbol of PDSCH is next to the end of the monitoring CORESET in time domain. Other values can be FFS.
[bookmark: _Ref20234552]Proposal 1: Time domain resource assignment indicates the starting symbol relative to the end of the CORESET where the PDCCH is detected.
· VRB-to-PRB mapping
VRB-to-PRB mapping can achieve the distributed resource allocation, which can obtain frequency diversity gain. If this field is triggered, the localized or distributed mapping can be applied. The localized mapping with frequency hopping is beneficial for obtaining scheduling gain, while distributed mapping can obtain frequency diversity gain. One bit is used for triggering VRB-to-PRB mapping. If the enabling VRB-to-PRB mapping is configured by RRC signaling, this field can be absent in DCI.
· MCS and RV
For URLLC service with the high reliability requirement, the lower code-rate entries are introduced to guarantee BLER target requirement in Rel-15. For compact 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. 
Considering the latency requirement, the only self-decodable RV can be configured for URLLC use cases, e.g. {0, 0, 0, 0} and {0, 3, 0, 3}. In this case, 1 bit RV indication can be used. Furthermore, if a certain RV is configured by RRC signaling, this field can be absent.
· Downlink Assignment Index
In Rel-16, multiple PUCCHs for HARQ-ACK within a slot are supported. For FDD case, the sufficient PUCCH resources can be used. Thus, this field can be omitted for FDD case. Otherwise, 2 bits are needed.  
· PDSCH-to-HARQ feedback timing indicator
In Rel-15 DCI, this field indicates HARQ-ACK timing relative to the slot boundary of PDSCH reception. For the URLLC service with the low latency, PUCCH feedback based on sub-slot has been agreed. The payload size reduction can be considered. 
The examples of compact DCI for payload size with 16 bits reduction and 10 bits reduction for DL are shown in table 3. The payload size of each field can be configured within a range as described by the comments in the table. The details can be further discussed.  
Table 3 URLLC DCI field for DL:
	URLLC DCI for DL assignment
	Rel -15 fallback DCI 
	Rel -16 compact DCI
	Comment

	Identifier for DCI formats
	1
	1
	Agreed 

	Frequency domain resource assignment
	11

	4-11

	Agreed.
RRC parameter to configure the scheduling granularity. The range can be {1,2,4,8,16}, the support of larger granularity can be FFS.

	Time domain resource assignment
	4
	0-4
	Configurable TDRA field size is agreed. 
The PDSCH starting symbol relative to the end of the CORESET should be supported. 

	VRB-to-PRB mapping
	1
	0-1
	This field can achieve the distributed resource allocation. 
If VRB-to-PRB mapping is enabled by RRC configuration, this field can be absent. 0-1 bits can be configured for this field.

	Modulation and coding scheme 
	5
	2-5
	Some high modulation order and code rate entries can be disabled by RRC configuration. 2-5 bits can be considered for this field.

	New data indicator
	1
	1
	Agreed. 

	Redundancy version
	2
	0-2
	If RV sequence is configured by RRC signaling, this field can be absent. 
Otherwise, 2 bits are used. 0-2 bits can be configured for this field.

	HARQ process number 
	4
	0-4
	The configurable number of bits (2 or 3 or 4 bits) is agreed. 0 or 1 bits can also be supported. 

	Downlink Assignment Index
	2
	0-2
	For FDD scenario, this field can be configured to zero. 0-2 bits can be configured for this field. 

	TPC command for PUCCH 
	2
	0-2
	If power control bases on open loop adjustment, this field can be absent. 0-2 bits can be configured for this field.

	PUCCH resource indicator
	3
	2-3
	The reduced number of bits can be considered. 2-3 bits can be configured for this field.

	PDSCH-to-HARQ feedback timing indicator
	3
	0-3
	The reduced number of bits can be considered. 0-3 bits can be configured for this field.

	RNTI and CRC
	24
	24
	

	Total 
	63
	47-53
	Assuming 50 RBs bandwidth, the fallback DCI payload size is 63 bits. The corresponding compact DCI with payload size reduction would be 47~53 bits.



2.2. UL related DCI field
· TDRA 
For UL related DCI field, more combinations in time domain resource assignment are observed due to flexible PUSCH starting position and duration (length) from 1 symbol to 14 symbols, which leads to the maximum 105 combinations. gNB configures a table for a UE with the limited entries. Similar to DL assignment, the available starting symbol and duration for PUSCH scheduled by UL grants are still restricted due to this limitation. Thus, the starting symbol relative to the CORESET is suggested, where the CORESET is that UL grant is detected. 
· UL-SCH indicator
UL-SCH indicator field with configured 0-1 bit is preferred. If 0 bit is configured, UE behavior needs to be further clarified. Two alternatives are observed. 
· Alt 1: aperiodic CSI is not allowed to be transmitted together with UL-SCH.
· Alt 2: aperiodic CSI is always multiplexed with UL-SCH if CSI request is triggered.
For Alt.1, if there is UL-SCH, A-CSI would be dropped. This method only supports A-CSI without UL-SCH on PUSCH. Considering no URLLC CSI definition so far, aperiodic CSI may be deemed as CSI with lower priority. According to the revised WID, if eMBB UL channels/signals are collided with URLLC channels/signals, eMBB UL channels/signals would be dropped. In this case, when eMBB UL channel carrying HARQ-ACK collides with URLLC PUSCH with A-CSI only，eMBB HARQ-ACK would be dropped. This condition seems not reasonable and should not be expected. Thus, A-CSI only on URLLC PUSCH should be avoided. 
For Alt 2, when there is URLLC PUSCH, A-CSI can be multiplexed on URLLC PUSCH. Multiplexing principle based on priority between eMBB and URLLC service can be reused for this case. It can be operated by gNB scheduling and aperiodic CSI must be multiplexed with UL-SCH if CSI request is triggered.   
[bookmark: _Ref20907519]Proposal 2: If 0 bit for UL-SCH indicator is allowed, aperiodic CSI is always multiplexed with UL-SCH when CSI request is triggered. 
For URLLC services with the higher reliability requirement, using lowSE MCS is a typical case. The effect of aperiodic CSI seems limited. Generally, we are fine for these alternatives.
[bookmark: _Ref20234643]Proposal 3: For PUSCH, the TDRA indicates the time-domain offset of starting symbol relative to the CORESET where UL grant is detected.
A compact DCI design for UL is shown in table 4. The payload size of each field can be further discussed.
Table 4 URLLC DCI field for UL:
	URLLC DCI for UL assignment
	Rel-15 fallback DCI 
	Rel -16
compact DCI 
	Comment

	Identifier for DCI formats
	1
	1
	Agreed.

	Frequency domain resource assignment
	11
	4-11
	Agreed.
RRC parameter to configure the scheduling granularity. The range can be {1,2,4,8,16}, the support of larger granularity can be FFS.

	Time domain resource assignment
	4
	0-4
	Configurable TDRA field size is agreed
The starting symbol relative to the end of the CORESET can be considered. 

	Frequency hopping flag
	1
	0-1
	If frequency hopping is always enabled by RRC signaling, this field can be absent. 0-1 bits can be configured for this field.

	Modulation and coding scheme 
	5
	2-5
	Some high modulation order and code rate entries can be disabled by RRC configuration. 2-5 bits can be configured for this field.

	New data indicator
	1
	1
	Agreed.

	Redundancy version
	2
	0-2
	If RV sequence is configured by RRC signaling, this field can be absent. 
Otherwise, 2bits are used. 0-2 bits can be configured for this field.

	HARQ process number 
	4
	0-4
	The configurable number of bits (2 or 3 or 4 bits) is agreed. 0 or 1 bits can also be supported.

	TPC command for PUSCH 
	2
	0-2
	If power control bases on open loop adjustment, this field can be absent. 0-2 bits can be configured for this field.

	UL-SCH
	0
	0-1
	0-1 bit can be configured for this field. If 0 bit is configured, the meaning of this field should be clarified. 

	UL/SUL indicator
	1
	0-1
	0-1 bit can be configured for this field.

	RNTI and CRC
	24
	24
	

	Total 
	63 with 7 padding bits
	47-53
	Assuming 50 RBs bandwidth, the fallback DCI payload size is 63 bits. The corresponding compact DCI with payload size reduction would be 47~53 bits.


[bookmark: _Ref20234735]Proposal 4 :Table 3 and table 4 are suggested for compact DCI format.
2.3. DCI format with additional fields for URLLC 
For scheduling DCI for URLLC service, the maximum DCI size can be larger than Rel-15 DCI format 0_0/1_0. In our opinion, DCI format 0-1/1-1 with the configurable fields, i.e. Rel-16 DCI format 0-1/1-1, can also be used for URLLC scheduling to provide much scheduling flexibility, such as multiple TRP transmission discussed in MIMO section. For URLLC transmission, the MIMO-related field can be configured, e.g. antenna ports, transmission configuration indication and so on. The size of the corresponding fields can be reduced compared to the existing payload size. Some existing fields can be removed, which can be discussed further. Some new fields can be introduced, for example, repetition factor, priority indication etc. There is no obvious motivation to support DCI payload size larger than Rel-15 DCI format 0_1/1_1.
· Repetition factor
Repetition transmissions are an efficient manner to improve the PDSCH and PUSCH transmission reliability. Repetition factor indication in DCI is beneficial for UE supporting multiple services with the different reliability requirement. For a service with the lower reliability requirement, a small number of repetitions can be indicated to a UE. While a service with the higher reliability requirement arrives at UE side, more repetition transmissions can be used. It is agreed that the number of repetition is signaled by gNB. Repetition factor as an independent field in DCI format is preferred to provide sufficient scheduling flexibility. 0-2 bits can be configured for this field. 
· Priority indication
Priority determination is needed for UE supporting both eMBB and URLLC service, especially for intra-UE multiplexing/prioritization case. For resources conflict between DG PUSCHs and between DG and CG PUSCHs, the conflict handling can base on priority indication in DG. For example, for resources conflict between eMBB and URLLC service, if priority indication field indicates the higher priority, DG PUSCH is prioritized over CG PUSCH regardless of the priority of CG PUSCH. On the contrary, CG PUSCH with higher priority can prioritize over DG PUSCH with the lower priority indication. On the other hand, the priority indication can be applied for power control loop determination. For example, URLLC service uses power control loop#1 and eMBB service uses power control loop#2 based on the priority indication. Explicit or implicit priority determination methods are discussed in UCI enhancement section. Whether priority indication field is included in DCI can be discussed after conclusions made in UCI enhancement section.   
[bookmark: _GoBack]Multiple TRP transmissions are discussed on MIMO section and the corresponding indication can also be introduced in URLLC DCI. 
[bookmark: _Ref20235175]Proposal 5: For both compact DCI format and the modified existing non-fallback DCI format, repetition factor field can be introduced as the configurable field.
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. 
For option 1, UE monitors PDCCH for eMBB following reported Rel-15 capability, and monitors PDCCH for URLLC following reported Rel-16 capability. For a UE supporting Rel-16 capability with eMBB and URLLC service, assuming the shared number of non-overlapped monitoring CCEs, it should be clarified how to differentiate which CCEs for eMBB service and which CCEs for URLLC. For this option, whether the differentiation is only based on CORESETs should also be clarified. If CORESETs for eMBB and URLLC service are configured separately, it will restrict gNB scheduling flexibility and may lead to the increasing PDCCH blockage, especially for overlapped CORESET configuration cases. 
For option 2, it is clear for UEs supporting different capability, i.e. Rel-15 capability or Rel-16 capability. For UEs with different capability, the corresponding number of non-overlapped CCEs are applied. Thus, option 2 is preferred.  
[bookmark: _Ref20235191]Proposal 6: For a Rel-16 UE supporting enhanced PDCCH monitoring capability, option 2 is preferred.
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: Time domain resource assignment indicates the starting symbol relative to the end of the CORESET where the PDCCH is detected.
Proposal 2: If 0 bit for UL-SCH indicator is allowed, aperiodic CSI is always multiplexed with UL-SCH when CSI request is triggered.
Proposal 3: For PUSCH, the TDRA indicates the time-domain offset of starting symbol relative to the CORESET where UL grant is detected.
Proposal 4 :Table 3 and table 4 are suggested for compact DCI format.
Proposal 5: For both compact DCI format and the modified existing non-fallback DCI format, repetition factor field can be introduced as the configurable field.
Proposal 6: For a Rel-16 UE supporting enhanced PDCCH monitoring capability, option 2 is preferred.
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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