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[bookmark: _GoBack]1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN#88, a new work item on physical layer enhancements for NR URLLC was approved [1]. This contribution is updated from R1-1908798 and discussed following aspects. 
· DCI false detection (no update)
· Contents of DCI (update)
· PDCCH monitoring capability (update)
2 Discussion
2.1 DCI false detection

The target false alarm rate 2-21 = 4.77E-7 has been assumed for 24bit CRC with SCL decoder in Rel.15 discussion. Even if only two PDCCH candidate with two RNTIs like C-RNTI, MCS-C-RNTI are monitored, the false detection rate is 2x2x4.77E-7 = 1.91E-6, which is larger than 1E-6. The false detection of DCI for URLLC impacts on reliability of PDSCH reception /PUSCH transmission directly. 

In order to reduce the false detection of DCI, followings are identified.
(1) Virtual CRC
Virtual CRC with fixed value padding is specified in a SPS activation/release.  The fixed value in DCI can be used to improve the reliability. Additional CRC for aligning the size of configurable DCI is also proposed [6].
(2) Monitoring PDCCH occasions are limited for RNTI for URLLC
MCS-C-RNTI is monitored in USS and Type 3 CSS in Rel.15. When MCS-C-RNTI is configured, the number of blind decoding of MCS-C-RNTI equals it of C-RNTI. For URLLC with 1E-6 reliability, one option is the monitoring search spaces for RNTI for URLLC are limited to reduce the number of blind decoding. Other option is the number of trials for RNTI for URLLC per search space is limited compared to the number of trials for C-RNTI. On the other hand, this makes latency reduction more difficult.
(3) 2 steps PDCCH reception
For the symbols indicated by SFI PDCCH, PDCCHs are only monitored in dynamic DL symbols indicated by SFI and not received in dynamic flexible symbols. SFI PDCCH reception can contribute to reduce false alarm if UE monitors PDCCHs on dynamic DL symbols only when UE detects SFI correctly. In current spec, if SFI PDCCH is mis-detected or if SFI PDCCH is not sent by gNB, PDCCH is still monitored in semi-static flexible symbols. Therefore, false detection reduction by 2 steps PDCCH reception of SFI PDCCH and unicast PDCCH for URLLC does not work well. To resolve this, in case SFI PDCCH is not detected, unicast PDCCH for URLLC is not monitored in semi-static flexible symbol is one approach. On the other hand, such operation requires more reliable transmission of SFI PDCCH. The different handling of SFI reception makes compatibility more difficult.

In RAN1#95, "no change of DCI format 0_0/1_0 in CSS from Rel-16 URLLC study item perspective" was agreed. Therefore, it would be difficult to reduce false detection of DCI in CSS when UE is operating to target 1E-6. On the other hand, in order to reduce the latency, USS would be configured more frequently in time for URLLC and at least some mechanism to reduce false detection of DCI should be taken.

Proposal 1: False detection reduction of DCI should be realized by at least virtual CRC for DCI targeting 1E-6 operation.

2.2 [bookmark: _Hlk953412]Contents of DCI

[bookmark: _Hlk4698542]In RAN1#96b meeting, several configurable fields and not introduced fields were agreed. The DCI format for enhanced URLLC can be larger than DCI format 0_0/1_0. From application usage perspective, there would be no clear border between URLLC and eMBB. Some of extreme requirement of URLLC is really URLC but relaxed requirement of URLLC is almost similar to eMBB. The larger DCI format for URLLC could be used for the application very similar to eMBB operation. Therefore, configurable fields in DCI format 1_1/0_1 should be also supported in DCI format for enhanced URLLC if there is no specific reason to differentiate it.


The fields depending on the discussion of other functionalities/features

· Repetition factor
The need of this field should be concluded in the discussion of enhancement of PUSCH for URLLC. In our paper [2], we propose the dynamic indication of the number of repetitions should be signalled by the TDRA bit field, where the TDRA table is enhanced to indicate the number of repetitions. Therefore, our view is new bit field is not introduced in the DCI to indicate the number of repetitions.
· Priority indicator / Indication for differentiating HARQ-ACK codebook 
The need of this field should be concluded in the discussion on intra-UE Tx prioritization/multiplexing and HARQ-ACK codebook/procedures. Our view is this explicit field is necessary for PDSCH assignments [3] even if this PDCCH is new DCI format. The reason is there can be the situation that DCI format 1_1 can be prioritized compared with this DCI format.
· Transmission configuration indication
In DCI format 1_1, 0 or 3 bits are configurable for the transmission configuration indication. Whether 1 or 2 bits in addition is configurable or not should be discussed in enhancement of MIMO discussion. When 0 bits are configured, same behaviour as current 0 bits in DCI format 1_1 should be used. 

Following fields should be discussed in UCI enhancement for enhanced URLLC.

· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index

Proposal 2: Following fields should be discussed after concluding the functionalities/features discussed in other agenda items.
· Repetition factor
· Priority indicator / indication for differentiating HARQ-ACK codebook
· Transmission configuration indication
· PUCCH resource indicator
· PDSCH-to-HARQ feedback timing indicator
· Downlink assignment index

Reduction bits from DCI format 0_0/1_0 to support compact DCI

· Frequency domain resource assignment
For type 0 resource allocation, following options were discussed in [5]
	· Option 1: Introduce a configurable scaling factor K to the RBG size for resource allocation type 0
· Option 2: Resource allocation type 0 is not supported for URLLC scheduling 
· Option 3: Resource allocation type 0 is supported without any change 



We support option 2. For URLLC, only logically contiguously allocation (type 1) i.e. physically non-contiguous allocation are supported, would be enough for URLLC as it is sent as priority.

· Time domain resource assignment (TDRA) [4 bits in DCI format 0_0/1_0]
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” was agreed. However, the reference point is not concluded. Following options were discussed in [5].

	· Option 1: Changing the reference from slot boundary to some PDCCH symbol (e.g. the starting symbol of PDCCH) 
· Option 2: Use slot boundary as a SLIV reference for TDRA as in Rel-15


We support option 1. Option 1 has merit to allocated multiple 2 symbols PDSCH/PUSCH of several starting symbols in a slot by same DCI value. For option 1, the rule/definition to avoid span slot boundary need to be specified. UE is not expected to allocate PDSCH/PUSCH over slot boundary for non-repetition is simple solution.

· Redundancy version [2 bits in DCI format 0_0/1_0]
In DCI format 0_1/1_1, fixed 2 bits are defined. For DCI format for enhanced URLLC, configurable among 0, 1, or 2 bits could be considered. When 0 bits is configured, RV=0 should be interpreted by UE. When 1 bit is configured, only RV=0 and 2 (or 3) can be indicated. 

· Modulation and coding scheme [5bits in DCI format 0_0/1_0]
Following options were discussed in [5].
	· [bookmark: OLE_LINK5]Option 1: Configurable size for the MCS field for the DCI scheduling Rel-16 URLLC
· [bookmark: OLE_LINK6]Alt 1: by configuring an anchoring index and the number of bits in the DCI
· [bookmark: OLE_LINK7]Alt 2: Configurable MCS table size and the entries
· Alt 3: limiting the number of rows to be indicated
· Option 2: No change compared to Rel-15 DCI
· Option 3: Joint coding of MCS and RV


We support Option 2. Without 2 or 3 bits reduction in MCS, at least 10btis reduction could be achieved. Option 1 has still three alternatives. To conclude one of alternatives, more discussion time is necessary. 

Proposal 3: For frequency domain resource assignment for DCI format scheduling URLLC, resource allocation type 0 is not supported for URLLC scheduling.
Proposal 4: For time domain resource assignment for DCI format scheduling URLLC, change the reference from slot boundary to some PDCCH symbol (e.g., the starting symbol of PDCCH).
Proposal 5: For DCI format scheduling URLLC, configurable size (0, 1, or 2 bits) for RV field is supported.
Proposal 6: For DCI format scheduling URLLC, MCS field is NOT changed compared to Rel.15 DCI.

Configurable bits different from DCI format 0_1/1_1

For following fields, we propose configurable between "same value as DCI format 0_1/1_1" and "no parameter as DCI format 0_0/1_0 (0bits)" to support both URLLC and eMBB like operation with less spec impact.
· Antenna port(s)
The size of Antenna port(s) field in DCI format 1_1 is 4, 5, or 6 bits and DCI format 0_1 is 2, 3, 4 or 5 bits. For DCI format for DL, we support configurable number of bits from 0, 4, 5 or 6.  For DCI format for UL, we support configurable number of bits from 0, 2, 3, 4 or 5.  
· VRB-to-PRB mapping (0 or 1 bit)
· Frequency hopping flag (0 or 1 bit)
· UL/SUL indicator (0 or 1 bit)
· DMRS sequence initialization (0 or 1 bit)
· BWP indicator (0 to2 bits)

For following fields, we have following comments.
· SRS request
In DCI format 0_1/1_1, fixed 2 bits are specified for UEs not configured with SUL and 3 bits are specified for UEs configured with SUL. 0bit configuration should be supported in addition. When 0 bits is configured, to trigger aperiodic SRS is not supported. When 1 bits is configured, one state indicates no aperiodic SRS and the other state indicates one of aperiodic SRS. We support configurable # of bits (0, 1, 2 or 3 bits).
· CSI request
In DCI format 0_1, 0, 1, 2, 3, 4, 5 or 6 bits are configurable. For DCI format for enhanced URLLC, whether configurable bits are reduced or same values as DCI format 0_1 should be discussed. The behaviour with 0 bits could be same as current 0 bits in DCI format 0_1. When configured bits are different from another DCI format, only lower indexes are indicatable. 
· SRS resource indicator 
In DCI format 0_1, the number of bits depends on the number of configured SRS resources. For DCI format for enhanced URLLC, whether configurable bits depend on the number of configured SRS or not should be discussed. If it does not depend on the number of configured SRS, only lower index could be indicatable.

Proposal 7: For DCI format scheduling URLLC, following fields should be supported with configurable size between “same value as DCI format 0-1/1-1” and 0 bits.
· Antenna port(s) (0, 4, 5 or 6 bits for DL and 0, 2, 3, 4, or 5 bits for UL)
· VRB-to-PRB mapping (0 or 1 bit)
· Frequency hopping flag (0 or 1 bit)
· UL/SUL indicator (0 or 1 bit)
· DMRS sequence initialization (0 or 1 bit)
· BWP indicator (0, 1, or 2 bits)
· SRS request (0, 1, 2, or 3 bits)
Proposal 8: For DCI format scheduling URLLC, following fields should be supported with configurable size. FFS: Configurable bits are reduced or same as DCI format 0-1.
· CSI request
· SRS resource indicator

Possible new field 

· New format indicator
If new format is distinguished by RNTI, this filed is not necessary. 
· Virtual CRC
As discussed on section 2.1. To reduce false detection probability, the virtual CRC with fixed value padding should be specified in a SPS activation/release. The other potential way would be additional CRC for aligning the size of configurable DCI [6].
· AL8/AL16 identifier
This filed is proposed for the unused resources in CORESETs should be re-used by PDSCH whenever possible to achieve the high spectrum efficiency. It is unclear whether this problem is large or not.
· Waveform indicator
This filed is proposed to indicate the wave form between CP-OFDM and DFT-S-OFDM. Current semi-static operation can be enough. When power limited or not is frequently changed, DFT-S-OFDM could be selected semi-statically.

DCI size alignment

When total number of DCI sizes to monitor exceeds the budget, new DCI format size could be aligned with DCI format 0_0/1_0 in USS or DCI format 0_1/1_1. Depending on the configured fields/size in new DCI format, the target of size alignment DCI formats could be different. When DCI size of new DCI format is aligned with the other DCI format and those search space are overlapped, UE can distinguish the DCI format by RNTI.


2.3 [bookmark: _Hlk4692868] PDCCH monitoring capability

Enhanced PDCCH monitoring capability
In RAN1#98, followings are agreed.
	Agreements:
[bookmark: _Hlk21002159]For a Rel-16 UE supporting enhanced PDCCH monitoring capability, down-select between option 1 and option 2: 
· [bookmark: _Hlk20997809]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
· [bookmark: _Hlk21002229]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



[bookmark: _Hlk20996654]Total number of BD/CCE budgets in a slot could be same for option 1 and option 2. However, when PDCCH for eMBB is located on only the first of PDCCH span and PDCCH for URLLC is located on multiple spans in a slot, option 1 has larger number of BD/CCE budgets than option 2 for eMBB. In option 1, all BD/CCEs budgets for eMBB could be located on the first PDCCH span as same as rel.15. In option 2, the total BD/CCEs budgets should be divided for multiple PDCCH spans to be aligned with URLLC PDCCH spans. It causes BD/CCEs budgets for eMBB in the first PDCCH span is reduced.
The merit of option 2 is the BD/CCE budgets could be shared between eMBB and URLLC in a monitoring occasions. The maximum number of BD/CCEs for eMBB or URLLC could be increased if either eMBB or URLLC is configured. However, it is unclear the larger number of BD/CCEs is necessary for eMBB and URLLC. For eMBB, we observe rel.15 capability is enough and for URLLC, we study the necessary number of CCE in following sub-section and it is lower than rel.15 capability.
From above, in order to allow same behavior in rel.15 for eMBB, we prefer option 1.

Proposal 9: 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.

(X, Y) = (3,3) or (3,2)
To providing 4 monitoring occasions in a slot is proposed in order to satisfy 1ms latency. Even if (X,Y)=(2,2) can support 4 monitoring occasions, the capability with (X,Y)=(2,2) would be too demanding. If (X,Y)=(3,3) or (3,2) is supported, it is the capability to support 4 monitoring occasion but not to support 7 monitoring occasion. If (4,3) is used for 4 monitoring occasions in a slot, at least two monitoring occasions should be located on one span. The CORESET length =1 should be used. In addition, one of interval between monitoring occasions is one or two symbols in a same span. Therefore, we propose additional capability for 4 monitoring occasions in a slot.

Proposal 10: (X, Y)= (3,3) or (3,2) is supported.

The number of CCEs for URLLC
It was agreed to study the relation between “the maximum number of non-overlapping CCEs per CC” and the parameter (X, Y, μ). X is the minimum symbol separation of between the start of two spans. Y is the length of a span up to Y consecutive symbols. μ is SCS. The multiple monitoring occasions in a slot needs to be supported for low latency scenarios. 60kHz and 120kHz has already supported enough frequently monitoring occasions by short slot time. Therefore, no need to enhance PDCCH monitoring capability. 
Proposal 11: No need to enhance PDCCH monitoring capability for 60kHz and 120kHz.

[bookmark: _Hlk16763604]One ms air interface latency is required for factory automation and AR/VR [7]. In factory automation, the periodic traffic could be assumed. For periodic traffic, the enhancement of DL SPS and UL configured grant are useful and at least 1ms periodicity is supported in rel.16. The retransmission is indicated by PDCCH for DL SPS and UL configured grant. However, the probability of the retransmission could be very low for factory automation with high reliability target. Then the monitoring occasion for retransmission is not necessary to be located with high periodicity. For AR/VR, both periodic traffic and aperiodic traffic are considered [7]. For periodic traffic, DL SPS and UL configured grant would be used as similar as factory automation. For aperiodic traffic, multiple monitoring occasions are necessary. From the simulation results, when target BER of PDCCH is 1E-4 to operate 1E-3 BER of PDSCH, AL4[8] or AL8[9] are necessary for the 5%-tile SINR for urban Macro. To monitor DL assignment and UL grant, 16 CCEs are necessary for a monitoring occasion. For URLLC, the UE specific search space should not be shared by many UEs in order to reduce the blocking. Therefore, the number BD/CCE budgets is not necessary to increase to avoid blocking.
From above observation, if option 1 of PDCCH monitoring capability is supported, Rel-16 capability for URLLC could be 16 CCEs per span as shown in Table 1.

[bookmark: _Ref16765049]Table 1 the number CCEs per span in option 1 (Rel-16 capability for URLLC)
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	7
	3
	16
	16
	-
	-

	Combination 2
	4
	3
	16
	16
	-
	-

	Combination 3
	3
	3 or 2
	16
	16
	-
	-

	Combination 4
	2
	2
	16
	16
	-
	-

	Rel.15 for eMBB
	Slot level
	56
	56
	48
	32



If option 2 of PDCCH monitoring capability is supported, Rel-16 capability should include eMBB CCE budget. When the number of CCEs for eMBB in a slot is not changed from rel.15, the number of CCEs per span for eMBB could be obtained by dividing 56 by the number of spans. The Rel-16 capability for eMBB and URLLC is shown in Table 2.

[bookmark: _Ref21004105]Table 2 the number CCEs per span in option 2 (Rel-16 capability for eMBB and URLLC)
	
	X
	Y
	C

	
	
	
	=0
	=1
	=2
	=3

	Combination 1
	7
	3
	44
	44
	-
	-

	Combination 2
	4
	3
	34
	34
	-
	-

	Combination 3
	3
	3 or 2
	30
	30
	-
	-

	Combination 4
	2
	2
	24
	24
	-
	-

	Rel.15 for eMBB
	Slot level
	56
	56
	48
	32




What is the UE behavior if the obtained PDCCH monitoring span arrangement is invalid?
For option 1 of PDCCH monitoring capability, the limit of BD/CCE is separated for eMBB and URLLC. For each eMBB and URLLC, the PDCCH candidates dropping rules in Rel-15 could be re-used per monitoring span. When PDCCH candidate for eMBB and PDCCH candidate for URLLC are located on same CCE and same size, whether this PDCCH candidate is count for eMBB, URLLC or both should be defined.
For option 2 of PDCCH monitoring capability, the PDCCH candidates dropping rules in Rel-15 could be re-used per monitoring span.
3	Conclusion 
Here we summarize the observations and proposals 

Proposal 1: False detection reduction of DCI should be realized by at least virtual CRC for DCI targeting 1E-6 operation.
Proposal 2: Following fields should be discussed after concluding the functionalities/features discussed in other agenda items.
· Repetition factor
· Priority indicator / indication for differentiating HARQ-ACK codebook
· Transmission configuration indication
· PUCCH resource indicator
· PDSCH-to-HARQ feedback timing indicator
· Downlink assignment index
Proposal 3: For frequency domain resource assignment for DCI format scheduling URLLC, resource allocation type 0 is not supported for URLLC scheduling.
Proposal 4: For time domain resource assignment for DCI format scheduling URLLC, change the reference from slot boundary to some PDCCH symbol (e.g., the starting symbol of PDCCH).
Proposal 5: For DCI format scheduling URLLC, configurable size (0, 1, or 2 bits) for RV field is supported.
Proposal 6: For DCI format scheduling URLLC, MCS field is NOT changed compared to Rel.15 DCI.
Proposal 7: For DCI format scheduling URLLC, following fields should be supported with configurable size between “same value as DCI format 0-1/1-1” and 0 bits.
· Antenna port(s) (0, 4, 5 or 6 bits for DL and 0, 2, 3, 4, or 5 bits for UL)
· VRB-to-PRB mapping (0 or 1 bit)
· Frequency hopping flag (0 or 1 bit)
· UL/SUL indicator (0 or 1 bit)
· DMRS sequence initialization (0 or 1 bit)
· BWP indicator (0, 1, or 2 bits)
· SRS request (0, 1, 2, or 3 bits)
Proposal 8: For DCI format scheduling URLLC, following fields should be supported with configurable size. FFS: Configurable bits are reduced or same as DCI format 0-1.
· CSI request
· SRS resource indicator
Proposal 9: 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.
Proposal 10: (X, Y)= (3,3) or (3,2) is supported.
Proposal 11: No need to enhance PDCCH monitoring capability for 60kHz and 120kHz.
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