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Introduction
[bookmark: _GoBack]In RAN#83 meeting, enhancement for NR eURLLC as Rel-16 work item (Rel-16 URLLC) [1] approved that includes following detailed objectives for specification of PDCCH enhancements [RAN1]: 
· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any)
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.
In this contribution, we show our views on the details for DCI format scheduling Rel-16 URLLC and the increased PDCCH monitoring capability, respectively.
[bookmark: OLE_LINK1]Discussions
DCI format design
Agreements relating to the DCI format scheduling the Rel-16 URLLC were reached in the previous meetings as below:
	RAN1#96bis
Agreements:
Support configurable number of bits for the following fields for DL DCI format scheduling Rel-16 URLLC.
· Carrier indicator (0 bit or at least one non-zero bit)
· PRB bundling size indicator (0 or 1 bit)
· Rate matching indicator (0, 1 or 2 bits)
· ZP CSI-RS trigger (0, 1 or 2 bits)
Agreements:
The following fields from Rel-15 DCI format 1_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the DL DCI format scheduling Rel-16 URLLC. 
· Modulation and coding scheme for TB 2
· New data indicator for TB 2
· Redundancy version for TB 2
· CBG transmission information 
· CBG flushing information 
Agreements:
Keep the following two fields without any change from Rel-15 DCI in DCI format scheduling Rel-16 URLLC:
· Identifier for DCI formats (1 bit) (when applicable)
· New data indicator (1 bit)
Agreements:
The following field from Rel-15 DCI format 0_1 are not included (in case new DCI format) or can be configured to be absent (0 bit) as in Rel-15 (in case reusing the existing format) in the UL DCI format scheduling Rel-16 URLLC: 
· CBG transmission information
RAN1#97
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 




New DCI format or reusing the existing format
It is still under discussion whether to reuse the existing Rel-15 DCI format or introduce a new DCI format for the DCI format scheduling Rel-16 URLLC. Rel-16 URLLC will be applied to various deployment scenarios. According to different deployment scenarios, some Rel-16 URLLC UEs would only support the URLLC traffic, while some advanced Rel-16 URLLC UEs would support mixed eMBB and URLLC traffics. In order to determine the DCI format scheduling Rel-16 URLLC as an existing Rel-15 DCI format or a new DCI format, the above two situations should be taken into account.
URLLC traffic only
Under this situation, the existing Rel-15 DCI format such as DCI format 1_1 and 0_1 can be reused for the DCI format scheduling Rel-16 URLLC. The sizes of the DCI format 1_1 and 0_1 are determined based on the URLLC configuration for the UE. In the meantime, introducing a new DCI format for the DCI format scheduling Rel-16 URLLC is also a simple way. Network will not configure the UE to monitor the DCI format 1_1 and 0_1 but can configure the UE to monitor the new DCI format. The sizes of the new DCI format are determined based on the URLLC configuration for the UE. Surely, introducing a new DCI format therefore does not mean that all the Rel-16 URLLC UE should support to increase the DCI size budget from 3 DCI sizes with C-RNTI to 4 DCI sizes with C-RNTI. In this situation where the Rel-16 URLLC UEs only support the URLLC traffic, these UEs would not be configured the Rel.15 DCI formats like DCI format 1_1 and 0_1. Consequently, the UEs can still keep the current Rel-15 DCI size budget. Hence, for the UE only supporting the URLLC traffic, there is no difference in terms of impact between reusing the existing Rel-15 DCI format and introducing a new DCI format. 
Observation 1:
· For a UE supporting URLLC only, there is no difference in terms of impact between reusing the existing Rel-15 DCI format and introducing a new DCI format.
Mixed eMBB and URLLC traffic
For a UE supporting both eMBB and URLLC traffic, reusing the existing Rel-15 DCI format for the DCI format scheduling Rel-16 URLLC would encounter some issues to be solved. Firstly, which existing Rel-15 DCI format such as DCI format 0_0/1_0, DCI format 1_1 or DCI format 0_1 should be reused. According to one of the objectives for PDCCH enhancement [1], the DCI formats scheduling Rel-16 URLLC consist of DCI fields with configurable sizes, so that they can achieve a reduction of 10~16 bits relative to Rel-15 fallback DCI formats and they can also have a DCI size being larger than the Rel-15 fallback DCI formats. For different URLLC deployments, the DCI formats scheduling Rel-16 URLLC with variable sizes would cause that different Rel-16 URLLC UEs may reuse different existing Rel-15 DCI formats for the Rel-16 URLLC. Network needs to indicate which Rel-15 DCI format is used for both eMBB and URLLC traffic to the UEs. Or the UEs have to determine an existing Rel-15 DCI format from the DCI format 0_0/1_0, DCI format 1_1 or DCI format 0_1 for both eMBB and URLLC traffic, for example, by comparing their DCI sizes with the number of the required bits for URLLC. This kind of mechanism is necessary so that the UE and the network can be aware of which existing Rel-15 DCI format is reused for Rel-16 URLLC. 
Secondly, reusing the existing Rel-15 DCI format also have an issue on eMBB and URLLC traffic differentiation given a same DCI format is used for both eMBB and URLLC. If a certain Rel-15 DCI format is applied to both eMBB and URLLC to a UE, the UE cannot recognize whether the DCI format is intended for eMBB traffic or URLLC traffic through DCI size. It is therefore necessary to further discuss the solutions of eMBB and URLLC traffic differentiation. Furthermore, for a DCI format being applied to both eMBB and URLLC, the size-alignment with zero-padding is necessary. Especially under some cases where the DCI size for eMBB is a bit far from that for URLLC, quite a few bits may be required. It also affects the UE’s detection performance of DCI format scheduling the URLLC.
Introduction of a new DCI format for scheduling Rel-16 URLLC may be one of simple ways and this can minimize the specification work. The newly introduced DCI format can have a flexible size based on the network configuration. This mean that the DCI size can be reduced by 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and also be the size larger than Rel-15 DCI format 0_0/1_0 if necessary. One issue in introducing a new DCI format is related to the DCI size budget for monitoring PDCCH candidates. Introducing a new DCI format would require one additional DCI size for the Rel-16 URLLC UEs supporting the both eMBB and URLLC. It may not be a serious issue to enhance the DCI size with C-RNTI from 3 to 4 for those advanced Rel-16 URLLC UE who can support both eMBB and URLLC traffic. Of course, our intention is not that increase of the DCI size budget means to increase the blind decoding number. The UEs can differentiate URLLC DCI format and eMBB DCI format via the DCI sizes. 
Observation 2:
· For UE supporting both eMBB and URLLC, reusing the existing Rel-15 DCI format would encounter the following issues
· which existing Rel-15 DCI format to be reused
· eMBB and URLLC traffic differentiation
· quite a few zero-padding bits may be required.
Observation 3:
· For UE supporting both eMBB and URLLC, introducing a new DCI format would encounter some issues like DCI size budget enhancement.
Observation 4:
· A comparison between reusing an existing DCI format and introducing a new DCI format is listed in Table.1.
Table.1: Comparison of DCI format design for Rel-16 URLLC
	DCI format for scheduling Rel-16 URLLC
	Reusing an existing DCI format
	Introducing a new DCI format

	Support URLLC traffic
	Pro: 
No need to enhance DCI size budget.

	Pro: 
No need to enhance DCI size budget.


	Support mixed eMBB and URLLC traffic
	Pro: 
No need to enhance DCI size budget.       
Cons: 
1. Need to specify which existing Rel-15 DCI format is reused.           2. Cannot use DCI size to differentiate a DCI format is used for eMBB or URLLC. Solution for eMBB and URLLC traffic differentiation should be further specified.                      3. Quite a few zero-padding bits may be required which affects the UE’s detection performance of URLLC DCI format.  
	Pro: 
Use different DCI sizes to distinct eMBB DCI format and URLLC DCI format.
Cons: 
1. Need to enhance DCI size budget.  2. 1 bit zero-padding step may be needed if DCI size for URLLC is same as that for eMBB.  



Based on the above discussion, we slightly prefer to introduce a new DCI format.
Proposal 1:
· Introducing a new DCI format for the DCI format scheduling Rel-16 URLLC is preferred.
· The DCI size with C-RNTI can be increased from 3 to 4 for those Rel-16 URLLC UEs supporting both eMBB and URLLC.

Fields design for DL/UL DCI format 
In the previous meetings, some fields for the DCI scheduling Rel-16 URLLC have been agreed. Here, we provides our views on the other DCI fields design for DL DCI and UL DCI as shown in Table 2 and Table 3, respectively.
DL DCI format 
Table.2: Design of DL DCI format scheduling Rel-16 URLLC
	DCI Fields
	Bits for DCI format scheduling Rel-16 URLLC
	Note

	Frequency domain resource assignment
	
	Option1-Alt.1 is preferred. The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15.

	VRB-to-PRB mapping
	0 or 1 bit
	Same as the Rel-15 DCI format.

	Modulation and coding scheme
	Configurable size.
0, 1, 2, 3, 4 or 5 bits
	Other than the fixed 5 bits of Rel-15 DCI, the field bit width is configurable based on the high layer indicated MCS entries. Network configures a number of the MCS entries according to the UE’s channel conditions.

	Redundancy version
	Configurable size
0, 1, or [2] bits
	Other than the fixed 2 bits of Rel-15 DCI, the bit width of the field can be a configurable size. Especially for the URLLC traffic type with low coding rate, fixed 2 bits may not bring additional benefit.

	HARQ process number
	Configurable size. 
0, 1, 2, 3, 4 bits
	The fixed 4 bits of Rel-15 DCI indicates a maximum of 16 HARQ processes per cell. Rel.15 has already design a configurable number of HARQ process to be used on the PDSCH. Different from the Rel.15 DCI, which always set to a maximum 4 bits, the bit width can be configurable based on the high layer indicated HARQ numbers.  

	Downlink assignment index
	Configurable size.
0, 2, or 4 bits
	The field is related to the codebook type. Post-pone the bit width discussion of the field.

	TPC command for scheduled PUCCH
	2 bits
	Same as that of Rel-15 DCI.

	PDSCH-to-HARQ_feedback timing indicator
	Configurable size.
0, 1, 2, or 3 bits
	Same as that of Rel-15 DCI. Whether to further compress the bit width of the field depend on the discussion of UCI enhancement. 

	DMRS sequence initialization
	1 bit
	Same as that of Rel-15 DCI.



UL DCI format 
Table.3: Design of UL DCI format scheduling Rel-16 URLLC
	DCI Fields
	Bits for DCI format scheduling Rel-16 URLLC
	Notes

	Frequency domain resource assignment
	
	Option1-Alt.1 is preferred. The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15.

	Time domain resource assignment
	Configurable size.
0, 1, 2, 3, or 4 bits
	Whether to compress the bit width of the field depend on the discussion of PUSCH enhancement.

	Frequency hopping flag
	Configurable size.
0 or 1bit
	Same as that of Rel-15 DCI.

	Modulation and coding scheme 
	Configurable size.
0, 1, 2, 3, 4 or 5 bits
	Other than the fixed 5 bits of Rel-15 DCI, the field bit width is configurable based on the high layer indicated MCS entries. Network configures a number of the MCS entries according to the UE’s channel conditions.

	Redundancy version
	Configurable size
0, 1, or [2] bits
	Other than the fixed 2 bits of Rel-15 DCI, the bit width of the field can be a configurable size. Especially for the URLLC traffic type with low coding rate, fixed 2 bits may not bring additional benefit.

	HARQ process number
	Configurable size. 
0, 1, 2, 3, 4 bits
	The fixed 4 bits of Rel-15 DCI indicates a maximum of 16 HARQ processes per cell. Rel.15 has already design a configurable number of HARQ process to be used on the PDSCH. Different from the Rel.15 DCI, which always set to a maximum 4 bits, the bit width can be configurable based on the high layer indicated HARQ numbers. 

	1st downlink assignment index
	[1 or 2 bits]
	Since relating to whether to support the semi-static codebook, post-pone the discussion of the field. 

	2nd downlink assignment index
	[0 or 2 bits]
	Since relating to sub-codebook multiplexing, post-pone the discussion of the field.

	TPC command for scheduled PUSCH
	2bits
	Same as that of Rel-15 DCI.

	SRS resource indicator
	Configurable size
	

	Precoding information and number of layers
	Configurable size
0, 1, 2, 3, 4, 5,or 6 bits
	

	Antenna port(s)
	Configurable size
0, 2, 3, 4, or 5 bits
	

	SRS request
	Configurable size
1, 2, or 3 bits
	

	CSI request
	Configurable size.
0 or 1 or 2 or 3 or 4 or 5 or 6 bits
	

	PTRS-DMRS association
	0 or 2 bits
	Same as that of Rel-15 DCI

	Beta_offset indicator
	0 or 2 bits
	Same as that of Rel-15 DCI

	DMRS sequence initialization
	0 or 1bits
	UL RA type 0 is still under discussion. Post-pone the field discussion.

	UL-SCH indicator
	1 bit
	Same as that of Rel-15



Proposal 2:
· Apply DCI fields design for DL/UL DCI format scheduling the Rel-16 URLLC as provided in Table 2 and 3. 
· These fields, for example, FDRA, MCS, HARQ process number, RV could be configurable and can be reduced compared to the Rel-15 DCI format.
Enhancement of PDCCH monitoring capability
Increased PDCCH monitoring capability has been discussed and some agreements were reached in RAN1#97 meeting [2] as below. 
	RAN1#97
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
· [bookmark: _Hlk16675579]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



Combination (X, Y)
Regarding the combination (X, Y), the UE supporting the capability of Rel-15 UE feature 3-5b, can report the candidate value set for (X, Y) such as {(7, 3), (4,3) and (7,3), (2,2) and (4,4) and (7,3)}. In addition to the current supported combinations {(2,2), (4,4), (7,3)}, whether to support other combination candidates is still under discussion. For example, in addition to supported combination (7,3), whether it is necessary to further support combination candidates such as {(7,1)}, or {(7,2)}. According to definitions in UE feature 3-5b, span duration is determined based on max{ maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value}. Therefore, even if a UE reports the {(7,1)} or {(7,2)}, the span duration would not be the 1 or 2, but also be affected by the all CORESET durations. As illustrated in the Fig. 1(a), if the maximum value of all CORESET durations for a UE is 3 symbols, the span pattern would be same and the duration is 3 regardless of whether the UE reports {(7,1)}, {(7,2)}, or {(7,3)}.
Furthermore, comparing with the combination {(7,1)} or {(7,2)}, the combination {(7,3)} can contribute to configuring different search space sets associated with different CORESETS, especially if these CORESETs have different TCI states with different ‘QCL-Type D’. That is, the network can allocate non-overlapping PDCCH monitoring occasions associated with different CORESETs for a UE. As illustrated in the Fig. 1(b), if a UE reports the capability {(7,3)}, the network can configure the non-overlapping MO1 and MO2 to the UE. However, if a UE reports the capability (7,1) or (7,2), the span pattern cannot be decided in this kind of search space set configuration, according to the span definition in 3-5b. If the current span definition in 3-5b is abided by, it implies that this kind of search space set configuration is invalid for the UE who report the capability (7,1) or (7,2). However network can configure the MO1 and MO2 in different spans for those UEs who report the capability (7,1) or (7,2). It restricts the configuration flexibility for the network.
[image: ]
Figure1: illustrations for span determination for {(7,1)}, {(7,2)} and {(7,3)}.
Hence, the capability (7,3) can accommodate what the capability (7,1) or (7,2) can achieve according to the current span definition in the 3-5b, but also have a much more scheduling flexibility. The same situation can also be considered for the {(4,1)}, {(4,2)}.
Observation 5:
· It seems no benefit to report some combination candidates (X, Y) such as {(4,1)}, {(4,2)}, {(7,1)}, or {(7,2)} if UE reports the {(4,3)} or {(7,3)}.
Proposal 3:
· Support capability combination (X, Y) as {(2,2)}, {(4,3)}, {(7,3)}.

Maximum number of non-overlapping CCEs
The increased PDCCH monitoring capability aims to ensure a UE to have more frequent opportunities to monitor the DCI format scheduling the Rel-16 URLLC. Furthermore, for each PDCCH monitoring span, they should accommodate sufficient CCEs to support at least one PDCCH candidate with AL=16. According to the UE feature 3-5b, the number of PDCCH monitoring spans is no more than floor (14/X). Regarding the PDCCH monitoring span for a combination (2, 2, ), one slot contains up to 7 PDCCH monitoring spans. The limit C per PDCCH monitoring span for a combination (2, 2, ) can be set to 16 in order to enable at least one PDCCH candidate with AL=16. The total number of the non-overlapping CCEs per slot achieves up to 112. Regarding the PDCCH monitoring span for a combination (4, 3, ), one slot contains up to 3 PDCCH monitoring spans. The limit C per span for 0, 1, 2 or 3, can be set to 36, 36, 32 or 24, respectively. For example, for combination (4, 3, 0), the limit C=36 can at least accommodate two DCIs that require high reliability with AL=16 scheduling DL or UL and another DCI with AL=4 for non-URLLC purpose. Regarding the PDCCH monitoring span for a combination (7, 3, ), one slot contains up to 2 PDCCH monitoring spans. The limit C per span can be same as the Rel-15 maximum number of non-overlapped CCEs per slot. The total numbers per slot can be twice of that for Rel-15.  
According to the 3-5b definition, the span patterns are same across the slots and repeats in every slot. However each slot can contain different number of spans with monitoring occasions. The UE can report a candidate value set including several combinations (X, Y), per which the UE reports one limit C. That is, there is possibility that several limit C can be applied to a PDCCH monitoring span. Hence, limit C applied to PDCCH monitoring span can be different across different spans within a slot.
Proposal 4:
· UE can report the capability combinations and associated limit C as below:
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	2
	2
	16
	16
	16
	16

	Combination 2
	4
	3
	36
	36
	32
	24

	Combination 3
	7
	3
	56
	56
	48
	32


· The limit C applied to a PDCCH monitoring span may be different across different spans within a slot, given several limit C can be applicable for a span.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1:
· For UE supporting URLLC only, there is no difference in terms of impact between reusing the existing Rel-15 DCI format and introducing a new DCI format.
Observation 2:
· For UE supporting both eMBB and URLLC, reusing the existing Rel-15 DCI format would encounter the following issues
· which existing Rel-15 DCI format to be reused
· eMBB and URLLC traffic differentiation 
· quite a few zero-padding bits may be required.
Observation 3:
· For UE supporting both eMBB and URLLC, introducing a new DCI format would encounter some issues like DCI size budget enhancement.
Observation 4:
· A comparison between reusing an existing DCI format and introducing a new DCI format is listed in Table.1. 
Table.1: Comparison of DCI format design for Rel-16 URLLC
	DCI format for scheduling Rel-16 URLLC
	Reusing an existing DCI format
	Introducing a new DCI format

	Support URLLC traffic
	Pro: 
No need to enhance DCI size budget.

	Pro: 
No need to enhance DCI size budget.


	Support mixed eMBB and URLLC traffic
	Pros: 
No need to enhance DCI size budget.
Cons: 
1. Need to specify which existing Rel-15 DCI format is reused.           2. Cannot use DCI size to differentiate a DCI format is used for eMBB or URLLC. Solution for eMBB and URLLC traffic differentiation should be further specified.                      3. Quite a few zero-padding bits may be required which affects the UE’s detection performance of URLLC DCI format.
	Pros: 
Use different DCI sizes to distinct eMBB DCI format and URLLC DCI format.
Cons: 
1. Need to enhance DCI size budget.  2. 1 bit zero-padding step may be needed if DCI size for URLLC is same as that for eMBB.  



Proposal 1:
· Introducing a new DCI format for the DCI format scheduling Rel-16 URLLC is preferred.
· The DCI size with C-RNTI can be increased from 3 to 4 for those Rel-16 URLLC UEs supporting both eMBB and URLLC.
Proposal 2:
· Apply DCI fields design for DL/UL DCI format scheduling the Rel-16 URLLC as provided in Table 2 and 3. 
· These fields, for example, FDRA, MCS, HARQ process number, RV could be configurable and can be reduced compared to the Rel-15 DCI format.
Observation 5:
· It seems no benefit to report some combination candidates (X, Y) such as {(4,1)}, {(4,2)}, {(7,1)}, or {(7,2)} if UE reports the {(4,3)} or {(7,3)}.
Proposal 3:
· Support capability combination (X, Y) as {(2,2)}, {(4,3)}, {(7,3)}.
Proposal 4:
· UE can report the capability combinations and associated limit C as below:
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	2
	2
	16
	16
	16
	16

	Combination 2
	4
	3
	36
	36
	32
	24

	Combination 3
	7
	3
	56
	56
	48
	32


· The limit C applied to a PDCCH monitoring span can be different across different spans within a slot, given several limit C can be applicable for a span.
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