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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: _Ref129681832]Introduction
In the RAN #83 meeting, a new WID [1] on Physical Layer Enhancements for NR URLLC was approved with the following objective for PDCCH enhancements: 
· 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.
This document summarizes the key issues discussed under agenda item 7.2.6.1 based on the views in [1][2][3][4][5][6][7][8][9][10][11][12][13][14][15][16][17][18][19][20][21][22]. The agreements related to PDCCH enhancements achieved in the previous meetings are listed in Appendix A.
DCI format scheduling Rel-16 URLLC 
According to the contributions submitted to RAN1#98 meeting, companies mainly provide views on detailed design of the information fields, e.g. fields from Rel-15 DCI need to be resized or removed for DCI format scheduling Rel-16 URLLC, fields from Rel-15 DCI could be reused without change for DCI format scheduling Rel-16 URLLC, fields from Rel-15 non-fallback DCI needs to be present for DCI format scheduling Rel-16 URLLC and new fields need to be added due to some URLLC features. In addition, some companies also provide views on other aspects like whether a new DCI format needed for Rel-16 URLLC, DCI size alignment and how to differentiate DCI formats if the size of the DCI format scheduling Rel-16 URLLC is aligned with that of Rel-15 DCI. This section summarizes the views on these aspects.         
[bookmark: OLE_LINK13]DL DCI format scheduling Rel-16 URLLC      
As to the detailed design of the DL DCI format, many companies provide detailed views as summarized in Table 1 below. Note that the fields highlighted in green were agreed in previous meetings.  
Table 1 Potential DL DCI design for Rel-16 URLLC 
	Fields
	DCI format 1_0
	DCI format 1_1
	DL DCI for R16 URLLC

	Identifier for DCI formats
	1 bit
	1 bit
	1 bit

	Frequency domain resource assignment
	RA type 1 with size depending on the assumed BWP 

	RA type 0 and RA type 1 with size depending on the active BWP
 
	[bookmark: OLE_LINK58][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Details seen in section 2.1.1

For resource allocation type 1,
Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication 
Support: Qualcomm, Ericsson, Huawei, Vivo, Spreadtrum, OPPO, Panasonic, CATT, Intel, Samsung
· [bookmark: OLE_LINK34]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
[bookmark: OLE_LINK23]Support: Ericsson, Qualcomm, Intel, Samsung, Vivo, OPPO, Sharp, Huawei  
· Alt 2: A new RRC parameter to configure the scheduling granularity
Support: CATT, Spreadtrum

[bookmark: OLE_LINK39]Option 2: Separate configurable starting point granularity and length indication granularity
Support: Nokia, ZTE, Ericsson, MTK, DCM, Sony 

For resource allocation type 0,
Option 1: Introduce a configurable scaling factor K to the RBG size for resource allocation type 0
Support: Nokia, DCM
Option 2: Resource allocation type 0 is not supported for URLLC scheduling 
Support: Qualcomm, Ericsson, MTK, Panasonic 
Option 3: Resource allocation type 0 is supported without any change 
Support: Sony

	Time domain resource assignment
	4 bits
	0 or 1 or 2 or 3 or 4 bits
	For the bit width,  
Configurable # of bits (0 or 1 bit or 2 bits or 3 bits or 4 bits) depending on the configured TDRA table   

For the reference of the SLIV,  
Option 1: Changing the reference from slot boundary to some PDCCH symbol (e.g. the starting symbol of PDCCH) 
Support: Nokia, Qualcomm, Huawei, MTK, Vivo, Spreadtrum, Panasonic, OPPO, Samsung, DCM, ZTE, Vivo, CATT
· Applied if K0=0, otherwise the reference is slot boundary as in Rel-15
Support: Sony, WILUS
Option 2: Use slot boundary as a SLIV reference for TDRA as in Rel-15  
Support: Panasonic, Ericsson 

	VRB-to-PRB mapping
	1 bit
	0 or 1 bit
	Option 1: 0 bit (removed)
Support: MTK, Intel
Option 2: Configurable # of bits (0 or 1 bit) 
Support: Ericsson, Huawei, DCM, Vivo, Samsung, Nokia, spreadtrum, Qualcomm, CATT
Option 3: 1 bit
Support: ZTE

	Modulation and coding scheme
	5 bits
	5 bits
	Details seen in section 2.1.1

Option 1: Configurable size for the MCS field for the DCI scheduling Rel-16 URLLC
Support: Nokia, Huawei, NTT DOCOMO, Vivo, Intel, OPPO, Samsung, InterDigital, CATT, Sharp
· Alt 1: by configuring an anchoring index and the number of bits in the DCI
· 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
Support: Qualcomm, Ericsson, MTK, Spreadtrum, Sony, Panasonic
Option 4: Joint coding of MCS and RV
Support: ZTE

	New data indicator
	1 bit
	1 bit
	1 bit (i.e. No change compared to Rel-15 DCI)

	Redundancy version
	2 bits
	2 bits
	Details seen in section 2.1.1

Option 1: 2 bits (i.e. No change compared to Rel-15 DCI)
Support: Qualcomm 
Option 2: Support a configurable redundancy version field size of 0, 1 or 2 bits. 
Support: Nokia, DCM, Intel, Panasonic, MTK, Samsung, Huawei, CATT, China Unicom, Sony, Sharp 
Option 3: Support a configurable redundancy version field size of 0 or 1 bit. 
Support: Spreadtrum 
Option 4: Support a configurable redundancy version field size of 0 or 2 bit. 
Support: Vivo 

Option 5: 1 bit (i.e. limited set of RV sequences)  
Support: Ericsson, InterDigital

Option 6: Joint encoding of MCS and RV
Support: ZTE


	HARQ process number
	4 bits
	4 bits
	Option 1: Support a subset of HARQ processes 
Support: Ericsson, ZTE, InterDigital, OPPO
· 3 bits: Ericsson, OPPO,
· 2 bits: ZTE, InterDigital
Option 2: Support a configurable number of HARQ processes (e.g. 2 or 3 bits)  
[bookmark: OLE_LINK37]Support: Nokia, Huawei, DCM, Panasonic, Intel, Samsung, Spreadtrum, MTK, CATT, Vivo, ZTE, Qualcomm, Sharp, Sony

	Downlink assignment index
	2 bits
	0 or 2 or 4 bits
	Option 1: Post-pone the discussions due to potential impacts from other functionalities/features under discussion 
Support: Qualcomm, Nokia, Panasonic 
Option 2: Configurable # of bits 
Support: Ericsson, Huawei, MTK
Option 3: 2 bits 
Support: CATT, ZTE

	TPC command for scheduled PUCCH
	2 bits
	2 bits
	Option 1: 2 bits (i.e. No change compared to Rel-15 DCI)
Support: Qualcomm, Ericsson, Huawei, CATT, MTK, DCM, ZTE, Spreadtrum, Nokia, Intel, Vivo, ZTE 
Option 2: 0 bit to 2 bit in configurable manner Support: Samsung

	PUCCH resource indicator
	3 bits
	3 bits
	Option 1: Post-pone the discussion due to potential impacts from other functionalities/features under discussion 
Support: Qualcomm, Nokia, CATT,
Option 2: 2 bits
Support: Ericsson, CATT, Vivo, Intel (3 bits), ZTE (3 bits)
Option 3: 0 or 1 or 2 or 3 bits
Support: DCM, Huawei, MTK

	PDSCH-to-HARQ_feedback timing indicator
	3 bits
	0 or 1 or 2 or 3 bits
	Option 1: Post-pone the discussion due to potential impacts from other functionalities/features under discussion 
Support: Qualcomm, Nokia, Panasonic 
Option 2: 0 or 2 bits 
Support: Ericsson
Option 3: 1 bit 
Support: ZTE (1~3), OPPO
Option 4: 0 or 1 or 2 or 3 bits 
Support: DCM, Intel, MTK, Vivo
Option 5: 3 bit 
Support: CATT

	Fields only from Rel-15 non-fallback DCI (i.e. DCI format 1_1)

	Carrier indicator 
	N/A
	0 or 3 bits
	configurable # of bits (0 or at least one non-zero bit)
Option 1: up to 3 bits (i.e. 0 or 1 bit or 2 bits or 3 bits)
Support: Ericsson, CATT, NTT DOCOMO, OPPO, Samsung, Panasonic, Nokia, Intel, ZTE 
Option 2: up to 2 bits (i.e. 0 or 1 bit or 2 bits)
Support: Qualcomm 

	PRB bundling size indicator
	N/A
	0 or 1 bit
	0 or 1 bit

	Rate matching indicator
	N/A
	0 or 1 or 2 bits
	0 or 1 bit or 2 bits

	ZP CSI-RS trigger
	N/A
	0 or 1 or 2 bits
	0 or 1 bit or 2 bits 

	Antenna port(s)
	N/A
	4 or 5 or 6 bits
	Option 1: configurable # of bits (0 or 1 or 2 or 4 or 5 or 6 bits)
Support: DCM, Intel, Panasonic
Option 2: configurable # of bits (0 or 4 or 5 or 6 bits)
Support: Nokia, Qualcomm (separate configuration for eMBB and URLLC)  
[bookmark: OLE_LINK20]Option 3: configurable # of bits (0 or 1 or 2 bits)
Support: Spreadtrum, Panasonic, Ericsson, CATT, ZTE
Option 4: 4 or 5 or 6 bits
Support: Qualcomm (separate configuration for eMBB and URLLC)  


	Transmission configuration indication
	N/A
	0 or 3 bits
	Option 1: configurable # of bits (0 or 1 or 2 or 3 bits)
Support: Qualcomm, Ericsson (up to 2 bits), ZTE, CATT, DCM, Panasonic, MTK, Nokia
Option 2: 0 or 3 bits as in Rel-15
Support: Intel, Spreadtrum, Qualcomm

	SRS request 
	N/A
	2 bits for UEs not configured with SUL
3 bits for UEs configured with SUL
	[bookmark: OLE_LINK14]Option 1: configurable # of bits (0 or 1 or 2)
Support: MTK
Option 2: configurable # of bits (0 or 1 or 2 or 3 bits)
Support: CATT, DCM, ZTE, Samsung, Intel 
Option 3: configurable # of bits (0 or 2 or 3 bits)
Support: Nokia 
Option 4: 2-bit 
Support: Qualcomm

	DMRS sequence initialization
	N/A
	1 bit
	Option 1: 0 bit
Support: Ericsson, CATT, Spreadtrum
Option 2: 0 bit or 1 bit
Support: DCM, Nokia, MTK, Panasonic, ZTE 
Option 3: 1 bit
Support: Intel, Qualcomm

	[bookmark: OLE_LINK19]BWP indicator
	N/A
	0 or 1 or 2 bits
	Option 1: N/A
Support: Ericsson, Spreadtrum
Option 2:  Configurable # of bits (0 or 1 or 2 bits)
Support: NTT DOCOMO, Samsung, OPPO, MTK, Intel, Panasonic, ZTE, Qualcomm  

	Modulation and coding scheme for TB 2
	N/A
	5 bits
	0 

	New data indicator for TB 2
	N/A
	1 bit
	0

	Redundancy version for TB 2
	N/A
	2 bits
	0

	CBG transmission information
	N/A
	0 or 2 or 4 or 6 or 8 bits
	0 

	CBG flushing information 
	N/A
	0 or 1 bit
	0

	New Fields proposed to be added compared to Rel-15 DCI 

	Repetition factor 
	N/A
	Option 1: Post-pone the discussion due to potential impacts from other functionalities/features 
Support: ZTE, Panasonic
Option 2: configurable # of bits (0 or 1 or 2 or 3)
Support: CATT, NTT DOCOMO, Sequans

	New format indicator 
	N/A
	Option 1: Configurable # of bits (0 or 1 bit) 
Support: 

	Virtual CRC
	N/A
	Support: Panasonic, Huawei

	Priority indicator 
	N/A
	Option 1: Add priority indicator to the DCI format scheduling Rel-16 URLLC (1 bit)
Support: Qualcomm
Option 2: Configurable # of bits for physical layer configuration set/option indication. 
Support: Ericsson 
Option 3: Post-pone the discussion due to potential impacts from other functionalities/features 
Support: ZTE, Panasonic

	HARQ-ACK codebook indication
	N/A
	Option 1: 1 bit (Post-pone the discussion due to potential impacts from other functionalities/features)  
Support: ZTE

	AL8/AL16 identifier
	N/A
	Option 1: Configurable # of bits (0 or 1 bit) 
Support: Huawei


In addition to the summary of the above table, some additional information are also provided below for some key aspects on the design for DL DCI format scheduling Rel-16 URLLC. 
Fields from both DCI format 1_0 and DCI format 1_1 to be resized or removed 
In the RAN1#AH 1901 meeting, it was agreed to support reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index
· Note: Reduction of other fields are not precluded 
In addition, some companies also provide the views that potential reduction of the number of bits for the following fields is feasible: 
· VRB-to-PRB mapping 
Based on the summary in Table 1, and also as described in R1-1909264 (Qualcomm), R1-1908436 (Nokia) and R1-1906327 (CATT), it is reasonable to post-pone the discussion of the following fields due to potential impacts from other functionalities/features under discussion:
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index
Conclusion 2.1.1-1: For DL DCI format scheduling Rel-16 URLLC, post-pone the discussion of the following fields due to potential impacts from other functionalities/features under discussion:
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index
Frequency domain resource assignment
For frequency domain resource assignment, in Rel-15 resource allocation type 1 is used in DCI format 1_0, while both resource allocation type 0 and type 1 are applied to DCI format 1_1. In the RAN1#97 meeting, it was agreed to support resource allocation type 1 for DCI format scheduling Rel-16 URLLL and candidate solutions were identified to reduce the number of bits for frequency domain resource assignment with the position of companies as summarized below: 

· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication 
· Support: Qualcomm, Ericsson, Huawei, Vivo, Spreadtrum, OPPO, Panasonic, CATT, Intel, Samsung, CMCC

· 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
Support: Ericsson, Qualcomm, Intel, Samsung, Vivo, OPPO, Sharp, Huawei
· Alt 2: A new RRC parameter to configure the scheduling granularity
Support: CATT, Spreadtrum, CMCC, OPPO
· Pros: Can reduce the maximum number of bits
· Cons: May result in resource waste in case of multiplexing eMBB and URLLC

· Between Alt.1 and Alt.2: Alt.1 has less flexibility due to limited candidate granularity while it can help align resource usage across UEs with RA type 0 and RA type 1; Alt.2 has more flexibility but might be more complexity for implementation  


· [bookmark: OLE_LINK1]Option 2: Separate configurable starting point granularity and length indication granularity
· Support: Nokia, Ericsson, MTK, DCM, Sony

· Pros: Enable better f-domain multiplexing of already scheduled longer eMBB PDSCH/PUSCH with later assigned URLLC PDSCH/PUSCH; 
· Cons: Less reduction of the number of bits compared to option 1; More specification effort

Based on the above summary and analysis, the majority view is option 1. Option 2 does provide the benefit for better multiplexing of eMBB and URLLC in some certain case, e.g. about 12% gain as shown in [ZTE, R1-1908235] for the assumed case. However, as discussed in [Vivo, R1-1908158], when the resources of eMBB service occur in multiple fragments in frequency domain, the finer starting point granularity with separate indication method cannot well solve resource waste issue. In addition, it seems the resource won’t be waste because it can be scheduled to other UEs, e.g. UEs with RA type 0. Considering the potential standard effort on option 2, companies are encouraged to go with the majority view.    
In addition, Ericsson (R1-1908121) proposed that the granularity depends on the scheduled frequency-domain resource allocation.  [WILUS, R1-1909366] proposed that RBs should be grouped by considering PRB grid alignment.  
Note that based on the views from companies, the design for frequency resource assignment can the same for DL DCI format and UL DCI format.   

Proposal 2.1.1-1: 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. Down-select between Alt.1 and Alt. 2:
· Alt.1: The scheduling size 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 size 
In addition, some companies also provides the views on resource allocation type 0 with the position summarized as below:
· Option 1: Introduce a configurable scaling factor K to the RBG size for resource allocation type 0
· Support: Nokia, DCM
· Option 2: Resource allocation type 0 is not supported for URLLC scheduling 
· Support: Qualcomm, Ericsson, MTK, Panasonic 
· Option 3: Resource allocation type 0 is supported without any change 
· Support: Sony
The main concern from companies to support resource allocation type 1 is that more bits are needed for indication compared to resource allocation type 1 assuming same scheduling granularity. Some discussion is needed here first.
Proposal 2.1.1-2: Further study whether to support resource allocation type 0 for frequency domain resource assignment for the DCI format scheduling Rel-16 URLLC with one of the following modifications: 
· Option 1: configurable RBG size as the scheduling granularity 
· Option 2: Introduction of a configurable scaling factor K to the RBG size for resource allocation type 0
Time domain resource assignment
In Rel-15, the starting symbol of PDSCH transmission is determined with a reference to the slot boundary. Thus, for a same PDSCH duration, different SLIVs will be needed to schedule PDSCH that start at different symbols in a slot. For example, to enable multiple 2-symbol PDSCH receptions within one slot, gNB may need to configure 7 different SLIVs (with different starting OFDM symbol but same length). This can be very inefficient. As shown in the Table 1 and also copied below for convenience, many companies proposed to change the reference as below: 
· Option 1: Changing the reference from slot boundary to some PDCCH symbol (e.g. the starting symbol of PDCCH) 
· Support: Nokia, Qualcomm, Huawei, MTK, Vivo, Spreadtrum, Panasonic, OPPO, Samsung, DCM, ZTE, Vivo, CATT

· Applied if K0=0, otherwise the reference is slot boundary as in Rel-15
· Support: Sony, WILUS

· Option 2: Use slot boundary as a SLIV reference for TDRA as in Rel-15  
· Support: Panasonic, Ericsson 
One issue brought up during the offline discussion in the previous meetings is that it may not be compatible with semi-static HARQ-ACK codebook. However, as discussed in [Nokia, R1-1908436] and [Huawei, R1-1908051], no issue is observed for the support of semi-static HARQ-ACK codebook with the new reference. In addition, with an appropriate design, it can be expected that the reduction of the bits for time-domain resource assignment can go down to 2 bits or 1 bit, thus the reduction is still promising. Therefore, it is encouraged to go to the majority view. In addition, as discussed in [Sony, R1-1908777][WILUS, R1-1900366], if the scheduler does want to do cross slot scheduling, it will have to configure multiple entries in the TDRA table for a single allocation, thus they proposed that whether to use the new reference or the slot boundary can depend on the value of K0. Companies are encouraged to check this issue.
[bookmark: OLE_LINK36]Proposal 2.1.1-3: For time domain resource allocation indication for PDSCH for Rel-16 URLLC, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is configurable.
· FFS: If the new reference is configured, it is applied if K0=0, otherwise the reference is slot boundary as in Rel-15
[bookmark: OLE_LINK4]Regarding the bit width for time domain resource assignment, it was agreed to 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. Regarding the TDRA table itself, some enhancements may be needed also. For example, how to indicate whether the reference is based on slot boundary or the new reference. In addition, [MediaTek, R1-1908408] also proposed that some of the scheduling parameters (e.g. K0, K1, and K2) are implicitly indicated to the UE. The details of the TDRA table can be further study.  
Modulation and coding scheme 
For modulation and coding scheme, the following enhancements are proposed:
· [bookmark: OLE_LINK5]Option 1: Configurable size for the MCS field for the DCI scheduling Rel-16 URLLC
· Support: Nokia, Huawei, NTT DOCOMO, Vivo, Intel, OPPO, Samsung, InterDigital, CATT, Sharp 
· [bookmark: OLE_LINK6]Alt 1: by configuring an anchoring index and the number of bits in the DCI
· Sharp
· [bookmark: OLE_LINK7]Alt 2: Configurable MCS table size and the entries
· Nokia
· Alt 3: limiting the number of rows to be indicated

· Option 2: No change compared to Rel-15 DCI
· Support: Qualcomm, Ericsson, MTK, Spreadtrum, Sony, Panasonic
· Option 3: Joint coding of MCS and RV
· Support: ZTE

The main reasons proposed by companies to reduce the number of bits for modulation and coding scheme mainly include: 
· [bookmark: OLE_LINK9]To provide the chance to reduce the number of bits for MCS thus enable a smaller DCI size 
· For URLLC, some entries in the existing MCS table is typically not used, e.g. the entries for 64QAM
Some company mentioned that reducing the size of the MCS would lead to coarser MCS granularity which lead to inefficient allocation of resources or localizing to a subset of the Rel-15 MCS table may not be suitable if the UE moves to a different radio condition. However, if the size is configurable, then full MCS table still can be used if needed, while provide the chance to reduce the number of bits for the applicable use case. Therefore, companies are encouraged to support configurable size for the MCS field.  

Proposal 2.1.1-5: Support configurable size for “modulation and coding scheme” for the DCI format scheduling Rel-16 URLLC.  
· FFS: the range of the MCS field is 2~5 bits 
· FFS: the entries to be indicated   

Some more detailed thinking from companies about the enhancements are copied below for your convenience:
 
	Contribution [Nokia, R1-1908436]
As for URLLC transmission the link adaption algorithm is usually designed conservatively to guarantee the reliability requirement, less entries in the MCS table may be needed for URLLC compared to eMBB transmission. There was a proposal to use the lowest 8 entries for URLLC transmission to reduce the size of the MCS field to 3bits, however this hard reduction overlooks the possibility that UE might be in a good channel condition and could use the opportunity to transmit with higher MCS. One way to enhance the proposal, compress the MCS field while keep the possibility to schedule UE to transmit within a wide range of channel conditions without losing performance, is to add an anchoring index combined with 4 (2bit), 8 (3bit) or 16 (4bit) continuous entries within the MCS table.

[image: ]
Figure 3-1: The anchoring index and 8 continuous entries in MCS table.

As shown in Fig. 3-1, the anchoring index is RRC configured for the UE and could be any entry in the legacy MCS table. The 8 continuous MCS entries in the example of Figure 1 starting from the anchoring index are signalled with 3 bits in DCI and represent the deviation from the anchoring index. Together with the anchor index, the gNB may configure the number of bits in the DCI field to define the number of different MCS entries which can be dynamically signalled in the DCI (0-4 bits). If the URLLC UE stays within a stable environment and the gNB would not need the option of link adaptation, in principle 0bits for MCS in the DCI could be configured and the anchoring index could directly give the applicable MCS for all UL-SCH & DL-SCH communication leading bits saving up to 5 bits compared to fallback DCI. 

Another alternative discussed already during the Rel-15 discussions would be to make the MCS table size as well as the related MCS entries fully configurable (e.g. using a 32bit bitmap), resulting in a higher RRC signalling overhead. This enables any combination of MCS entries, including the possibility of having the entries non-continuous and spread over a larger range of MCS values as well as the inclusion of selected ‘reserved’ MCS entries for HARQ re-transmission. This may be especially of interest, if the same DCI is used to schedule eMBB and URLLC traffic for a single UE and therefore a different range of MCS entries may be required for the eMBB and URLLC operation. Following the general design principle of the new configurable DCI format, to provide as much flexibility as possible and to reduce the DCI size at the same time by configuration, we propose to adopt fully configurable MCS table entries where the resulting size of the MCS table defines the MCS field size. 

Proposal 2-8: Support fully configurable MCS table entries where the number of configured entries determines the size of the MCS field. 


	Contribution [ZTE, R1-1908235]
For URLLC scenario, it is preferable that redundancy versions with incremental redundancy are supported for LDPC coding or polar coding. RV can bring performance gain by incremental redundancy. However, mainly lower code rates are used in URLLC scenario. Thus the number of RVs could be limited for certain code rates. According to [4], payload reduction of DCI is up to 3 bits when careful MCS&RV joint coding is introduced and an example of 4 bits MCS&RV is shown in Table 3.
Table 3. An example of 4 bits MCS & RV Table
	MCS Index
IMCS
	Modulation Order  Qm
	Target code Rate x [1024]  R
	Spectral
efficiency
	Redundancy Version  rvidx
	Explanation

	0
	2
	40
	0.0781
	0
	CQI-1

	1
	2
	78
	0.1523
	0
	CQI-2

	2
	2
	120
	0.2344
	0
	CQI-3

	3
	2
	193
	0.3770
	0
	CQI-4

	4
	2
	308
	0.6016
	0
	CQI-5

	5
	2
	449
	0.8770
	0
	CQI-6

	6
	
	
	
	2
	

	7
	4
	378
	1.4766
	0
	CQI-8

	8
	
	
	
	2
	

	9
	4
	616
	2.4063
	0
	CQI-10

	10
	
	
	
	2
	

	11
	6
	567
	3.3223
	0
	CQI-12

	12
	
	
	
	2
	

	13
	2
	reserved
	2
	

	14
	4
	reserved
	2
	

	15
	6
	reserved
	2
	






	Contribution [Samsung, R1-1908490]
Configurable from 3 to 5. No need to always support QAM64 and possibly QAM16. No functional specification impact (higher entries of MCS table are not addressable if the field has less than 5 bits) 




Redundancy version 
For redundancy version, the views from companies are summarized as shown in Table 1 and also copied here for convenience:
· Option 1: 2 bits (i.e. No change compared to Rel-15 DCI)
· Support: Qualcomm 

· Option 2: Support a configurable redundancy version field size of 0, 1 or 2 bits. 
· Support: Nokia, DCM, Intel, Panasonic, MTK, Samsung, Huawei, CATT, China Unicom, Sony, Sharp 

· Option 3: Support a configurable redundancy version field size of 0 or 1 bit. 
· Support: Spreadtrum 

· Option 4: Support a configurable redundancy version field size of 0 or 2 bit. 
· Support: Vivo 

· Option 5: 1 bit (i.e. limited set of RV sequences)  
· Support: Ericsson, InterDigital

· Option 6: Joint encoding of MCS and RV
· Support: ZTE

The main reasons proposed by companies to reduce the number of bits for redundancy version mainly include: 
· To provide the chance to reduce the number of bits for RV thus enable a smaller DCI size 
· For URLLC, reduced number of retransmissions within latency limit
· For very low spectral efficiency /MCS operation (typical for highly reliable transmissions), the gain of incremental redundancy will be very much limited
Based on the above positions from companies and the above analysis, it can be observed that a simpler compromised solution is to support option 2 to provide the fully flexibility. In addition, similar as other fields like MCS, it seems more reasonable to provide the possibility to support the reduction also. Therefore, companies are encouraged to go with option 2. Note that the design on redundancy version can be the same for DL DCI and UL DCI. However, based on the contributions for PUSCH enhancements, it seems some discussion may be related to redundancy version also. So it seems better to postpone the discussion for uplink till the PUSCH enhancements is clear.     
Proposal 2.1.1-6: Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in DL DCI format scheduling Rel-16 URLLC.
In case the number of bit for the RV field is configured to be 0, then some rule might be needed. For example, [AT&T, R1-1907168] mentioned that RV0 can always be used for initial transmission and RV3 can always be used for retransmission to save the bits. [Nokia, R1-1908436] mentioned that RV0 and RV3 are to be dynamically indicated in case of 1-bit for the RV field. 
HARQ process number   
For HARQ process number, the views from companies are summarized as shown in Table 1 and also copied here for convenience:
· Option 1: Support a subset of HARQ processes 
· Support: Ericsson, ZTE, InterDigital, OPPO
· 3 bits: Ericsson, OPPO,
· 2 bits: ZTE, InterDigital
· Option 2: Support a configurable number of HARQ processes  
· Support: Nokia, Huawei, DCM, Panasonic, Intel, Samsung, Spreadtrum, MTK, CATT, Vivo, ZTE, Qualcomm, Sharp, Sony
It can be observed that a simpler compromised solution is to support option 2 to provide the full flexibility, which can also save some effort to discuss the accurate subset of HARQ processes to be supported also. Companies are encouraged to go with option 2. Note that the design on HARQ process number is the same for DL DCI and UL DCI. 
[bookmark: OLE_LINK17]Proposal 2.1.1-7: Support configurable number of bits (0 or 1 or 2 or 3 or 4 bits) for “HARQ process number” for DCI format scheduling Rel-16 URLLC, depending on the configured number of HARQ processes.
VRB-to-PRB mapping  
For VRB-to-PRB mapping, as summarized in Table 1, some companies think it can be removed because semi-static configuration can be used, while some proposed using configurable manner. ZTE proposed to keep it as 1 bit as in Rel-15 fallback DCI. Companies are encouraged to go with the majority (i.e. Option 2) since it can provide full flexibility here and it can be the compromise solutions. 
· Option 1: 0 bit (removed)
· Support: MTK, Intel
· Option 2: Configurable # of bits (0 or 1 bit) 
· Support: Ericsson, Huawei, DCM, Vivo, Samsung, Nokia, spreadtrum, Qualcomm, CATT
· Option 3: 1 bit
· Support: ZTE

[bookmark: OLE_LINK18]Proposal 2.1.1-8: Support configurable number of bits (0 or 1 bit) for “VRB-to-PRB mapping” in DL DCI format scheduling Rel-16 URLLC. 
TPC command for scheduled PUCCH
[bookmark: OLE_LINK2]For TPC command for scheduled PUCCH, the views from companies are summarized as shown in Table 1 and also copied here for convenience:
· Option 1: 2 bits (i.e. No change compared to Rel-15 DCI)
· Support: Qualcomm, Ericsson, Huawei, CATT, MTK, DCM, ZTE, Spreadtrum, Nokia, Intel, Vivo, ZTE
· Option 2: 0 bit to 2 bit in configurable manner 
· Support: Samsung
[Samsung, R1-1908490] expressed that the gNB may have no information for adjusting a PUCCH power with a TPC command, thus 0 bit is possible. 
It seems the majority view is to reuse the TPC command for scheduled PUCCH from Rel-15 DCI. Companies are encouraged to check the views from Samsung. For now, it is suggested to go to the majority view. 
Proposal 2.1.1-9: Reuse “TPC command for scheduled PUCCH (2 bits)” from Rel-15 DCI for DL DCI format scheduling Rel-16 URLLC.
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Fields only from Rel-15 DCI format 1_1 to be present in DCI scheduling Rel-16 URLLC 
For achieving fully flexibility, several fields from Rel-15 non-fallback DCI (i.e. DCI format 1_1) are proposed to be added to the DL DCI format scheduling Rel-16 URLLC.  
Carrier indicator 
For carrier indicator, it was agreed in RAN1#96 bits that 0 or at least one non-zero bit should be supported. Regarding the non-zero bit(s), the views from companies are summarized as shown in Table 1 and also copied here for convenience:
· Option 1: up to 3 bits (i.e. 0 or 1 bit or 2 bits or 3 bits)
· Support: Ericsson, CATT, NTT DOCOMO, OPPO, Samsung, Panasonic, Nokia, Intel, ZTE 

· Option 2: up to 2 bits (i.e. 0 or 1 bit or 2 bits)
· Support: Qualcomm 
It can be observed that may be a simpler compromised solution is to support option 1. Companies are encouraged to go with option 1.  Note that the design for carrier indicator is the same for DL DCI and UL DCI.
Proposal 2.1.2-1: Support configurable number of bits (0 or 1 or 2 or 3 bits) for “Carrier indicator” for DCI format scheduling Rel-16 URLLC.
BWP indicator 
For BWP indicator, the views from companies are summarized as shown in Table 1 and also copied here for convenience:
· Option 1:  Configurable # of bits (0 or 1 or 2 bits) as in Rel-15
· Support: NTT DOCOMO, Samsung, OPPO, MTK, Intel, Panasonic, ZTE, Qualcomm

· Option 2: N/A
· Support: Ericsson, Spreadtrum
The main reason from companies supporting option 2 is that BWP switching may increase the delay for URLLC thus not needed. However, for some use case for URLLC the latency requirement is not that tight, at least in those cases BWP switching is still possible. In addition, since it is configurable, if not applicable anyway you can configure it to be 0. Therefore, I suggest companies to go to the majority of option 1.
Proposal 2.1.2-2: Keep “BWP indicator (0 or 1 or 2 bits)” without any change from Rel-15 non-fallback DCI in DCI format scheduling Rel-16 URLLC.
Based on the summary in Table 1 above, companies also provide views on the following fields:    
· Antenna port(s)
· Transmission configuration indication 
· SRS request 
· DMRS sequence initialization 
However, the above fields highly related to MIMO features and also it may be related to multi-TRP discussion in MIMO work item. Therefore, it seems better to postpone the discussion later.      
Conclusion 2.1.2-1: For DL DCI format scheduling Rel-16 URLLC, post-pone the discussion of the following fields due to potential impacts from other MIMO functionalities/features under discussion:
· Antenna port(s)
· Transmission configuration indication 
· SRS request 
· DMRS sequence initialization 
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New fields need to be added compared to Rel-15 DCI 
Based on the above table 1, it can be observed that several new fields compared to Rel-15 DCI are proposed to add in the DL DCI format scheduling Rel-16 URLLC, whether repetition factor, priority indicator, PDSCH grouping indication would depend on the discussion of other functionalities/features, thus the discussion of these fields can be delayed. Especially, for repetition factor it may depend on the discussion in MIMO. 
Conclusion 2.1.3-1: For DL DCI format scheduling Rel-16 URLLC, post-pone the discussion of the following potential new fields due to potential impacts from other functionalities/features under discussion:
· Repetition factor (may depend on MIMO discussion)
· Priority indicator/Physical layer configuration set/option indication 
· HARQ-ACK codebook indication 
More information of other proposed newly added fields (e.g. virtual CRC, AL8/16 identifier) can be found in [Panasonic, R1-1908798][Huawei, R1-1908051]. Companies are encouraged to check the proposals and provide your views on whether these new fields are needed or not.  
Proposal 2.1.3-1: Further study the following potential new fields for DL DCI format scheduling Rel-16 URLLC: 
· New format indicator 
· Virtual CRC 
· AL8/AL16 identifier 
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UL DCI format scheduling Rel-16 URLLC      
As to the detailed design of the UL DCI format, many companies provide detailed views as summarized in the table below. Note that the fields highlighted in green were agreed in RAN1#96bis meeting.   
Table 2 Potential UL DCI design for Rel-16 URLLC 
	Fields
	DCI format 0_0
	DCI format 0_1
	UL DCI for R16 URLLC

	Identifier for DCI formats
	1 bit
	1 bit
	1 bit

	Frequency domain resource assignment
	RA type 1 with size depending on the assumed BWP 

	RA type 0 and RA type 1 with size depending on the active BWP
	Details seen in section 2.1.1, same as DL


	Time domain resource assignment
	4 bits
	0 or 1 or 2 or 3 or 4 bits
	Depend on the outcome of PUSCH enhancements  

	Frequency hopping flag
	1 bit
	0 or 1 bit
	Option 1: 1 bit (No change compared to Rel-15)
Support: Qualcomm, Huawei, Vivo, ZTE, Spreadtrum

Option 2: Configurable # of bits (0 or 1 bit)
Support: Ericsson, DCM, Intel, MTK, Samsung, Panasonic, CATT 


	Modulation and coding scheme
	5 bits
	5 bits
	Details seen in section 2.1.1, same as DL

	New data indicator
	1 bit
	1 bit
	1 bit 

	Redundancy version
	2 bits
	2 bits
	Details seen in section 2.1.1

Option 1: 2 bits (i.e. No change compared to Rel-15 DCI)
Support: Qualcomm 
Option 2: Support a configurable redundancy version field size of 0, 1 or 2 bits. 
Support: Nokia, DCM, Intel, Panasonic, MTK, Samsung, Sony 
Option 3: Support a configurable redundancy version field size of 0 or 1 bit. 
Support: Spreadtrum 

Option 4: 1 bit (i.e. limited set of RV sequences)  
Support: Ericsson, InterDigital

Option 5: Joint encoding of MCS and RV
Support: ZTE


	HARQ process number
	4 bits
	4 bits
	Details seen in section 2.1.1, same as DL  

	TPC command for scheduled PUSCH
	2 bits
	2 bits
	Option 1: 2 bits (i.e. No change compared to Rel-15 DCI)
Support: Qualcomm, Ericsson, Huawei, CATT, MTK, DCM, ZTE, Spreadtrum, Nokia, Intel, Vivo, Spreadtrum 
Option 2: 0 bit to 2 bit in configurable manner Support: Samsung
Option 3: Jointly encoded with repetition factor (3 bits) 
 Support: Sequans

	UL/SUL indicator
	0 or 1 bit (depending on if padding bit available)
	0 bit or 1 bit 
	Option 1: As in Rel-15 DCI 0_1 (0 or 1 bit)
Support: Huawei, NTT DOCOMO, Intel, MTK, Samsung, Vivo, Sptreadtrum, Panasonic
Option 2: N/A
Support: Ericsson, CATT, ZTE, Qualcomm 

	Fields only from Rel-15 non-fallback DCI (i.e. DCI format 0_1)

	Carrier indicator 
	N/A
	0 or 3 bits
	[bookmark: OLE_LINK21]Details seen in section 2.1.1, same as DL  

	SRS resource indicator 
	N/A
	0 or 1 or 2 or 3 or 4 bits
	Option 1: 1 bit for codebook-based PUSCH transmission 
Support: Ericsson 
Option 2: Configurable # of bits (0 or 1 or 2 or 3 or 4 bits) 
Support: ZTE, Samsung, MTK
Option 2: Configurable # of bits (0 or 1 or 2) 
Support: DCM, Spreadtrum

	Precoding information and number of layers
	N/A
	0 or 1 or 2 or 3 or 4 or 5 or 6 bits
	Option 1: Configurable # of bits (0 or 1 or 2 bits) 
Support: Ericsson, DCM (up to 3), MTK, ZTE
Option 2: As in Rel-15
Support: Samsung, Spreadtrum, Intel 

	Antenna port(s)
	N/A
	2 or 3 or 4 or 5 bits
	[bookmark: OLE_LINK59]Option 1: configurable # of bits (0 or 1 bit or 2 bits)
Support: Panasonic, ZTE, Spreadtrum, Qualcomm (maybe) 
Option 2: N/A
Support: Ericsson
Option 3: configurable # of bits (0 or 1 bit or 2 or 3 or 4 or 5 bits)
Support: DCM, Panasonic, Intel 
Option 4: configurable # of bits (0 or 2 or 3 or 4 or 5 bits)
Support: Nokia 

Single TB with up to 4 DL layers for PUSCH for URLLC
Support: Qualcomm

	SRS request 
	N/A
	2 bits for UEs not configured with SUL
3 bits for UEs configured with SUL
	Option 1: configurable # of bits (0 or 1)
Support: Ericsson, Spreadtrum
Option 2: configurable # of bits (0 or 1 or 2)
Support: MTK
Option 3: configurable # of bits (0 or 1 or 2  or 3)
Support: DCM, Samsung, Intel , ZTE

	CSI request
	N/A
	0 or 1 or 2 or 3 or 4 or 5 or 6 bits
	Option 1: Configurable # of bits (0 or 1 or 2 bits) 
Support: Ericsson, ZTE (up to 3 bits), Intel, OPPO, MTK
Option 2: Configurable # of bits (0 or 1 or 2 or 3 or 4 or 5 or 6 bits) 
Support: DCM, Nokia, Intel, Samsung

	beta offset indicator 
	N/A
	0 or 2 bits
	Option 1: Configurable # of bits (0 or 1, 2 bits) 
Support: Ericsson, ZTE, DCM, Nokia, MTK
Option 3: Configurable # of bits (0 or 1 bit) 
Support: Huawei
Option 4: Depend on the outcome of UCI enhancements for eURLLC
Support: Panasonic
Option 5: Configurable # of bits (0 or 2 bit) 
Support: Samsung, Intel. Qualcomm

	BWP indicator
	N/A
	0 or 1 or 2 bits
	Details seen in section 2.1.1, same as DL

	DMRS-PTRS association
	N/A
	0 or 2 bits
	Option 1: N/A
Support: Ericsson, Spreadtrum
Option 2: 0 or 2 bits
Support: DCM, Samsung, MTK

	CBGTI
	N/A
	0 or 2 or 4 or 6 or 8 bits
	0

	DMRS sequence initialization
	N/A
	0 or 1 bit
	Option 1: N/A
Support: Ericsson, Intel
Option 2: 0 or 1 bit
Support: MTK, Panasonic, DCM, ZTE, Samsung
Option 3: 1 bit
Support: Qualcomm

	UL-SCH indicator 
	N/A
	1 bit
	Option 1: 0 or 1 bit
Support: DCM, MTK, Panasonic, Intel, ZTE
Option 2: 1 bit
Support: Samsung, Qualcomm,

	Downlink assignment index
	N/A
	1 or 2 or 4 bits
	Depend on discussion under UCI enhancements

	New Fields proposed to be added compared to Rel-15 DCI

	New format indicator
	N/A
	Option 1: Configurable # of bits (0 or 1 bit) 
Support: 

	Repetition factor 
	N/A
	Depend on discussion under PUSCH enhancements 

	Virtual CRC
	N/A
	Support: Panasonic, Huawei

	Waveform indicator 
	N/A
	Option 1: Add waveform indicator (1 bit) in the UL DCI
Support: Qualcomm, ZTE

	Priority indicator 
	N/A
	Option 1: Add priority indicator to the DCI format scheduling Rel-16 URLLC (1 bit)
Support: Qualcomm, 
Option 2: Configurable # of bits (0 or 1 bit) 
Support: Ericsson, Vivo 
Option 3: Post-pone the discussion due to potential impacts from other functionalities/features 
Support: ZTE, DCM, Panasonic


In addition to the summary of the above Table 2, some additional information are also provided below for some key aspects on the design for UL DCI format scheduling Rel-16 URLLC. Note that the discussion of the common aspects between DL DCI format and UL DCI format can be found in section 2.1.1. 
Fields from both DCI format 0_0 and DCI format 0_1 to be resized or removed 
As described in section 2.1.1, some fields from both DCI format 1_0 and DCI format 1_1 are proposed to be resized or removed for DCI format scheduling Rel-16 URLLC, where the design for some fields for UL DCI is the same as that DL DCI, including frequency domain resource assignment, modulation and coding scheme, HARQ process number, and redundancy version.

Based on the summary in Table 2, it is reasonable to post-pone the discussion of the following fields due to potential impacts from other functionalities/features under discussion:
· Time domain resource assignment 
Conclusion 2.2.1-1: For UL DCI format scheduling Rel-16 URLLC, post-pone the discussion of the following field due to potential impacts from PUSCH enhancements under discussion:
· Time domain resource assignment 
Frequency hopping flag
For frequency hopping flag, the views from companies are summarized as shown in Table 2 and also copied here for convenience:
· Option 1: 1 bit (No change compared to Rel-15)
· Support: Qualcomm, Huawei, Vivo, ZTE, Spreadtrum

· Option 2: Configurable # of bits (0 or 1 bit)
· Support: Ericsson, DCM, Intel, MTK, Samsung, Panasonic, CATT 
Based on the above positions from companies, it is possible that a simpler compromised solution is option 2, which can provide full flexibility also.
Proposal 2.2.1-1: Support configurable number of bits (0 or 1 bit) for “Frequency hopping flag” in UL DCI format scheduling Rel-16 URLLC. 
UL/SUL indicator 
For UL/SUL indicator, the views from companies are summarized as shown in Table 2 and also copied here for convenience:
· Option 1: As in Rel-15 DCI 0_1 (0 or 1 bit)
· Support: Huawei, NTT DOCOMO, Intel, MTK, Samsung, Vivo, Sptreadtrum, Panasonic
· Option 2: N/A
· Support: Ericsson, CATT, ZTE, Qualcomm
It seems no clear reason was given for not supporting configurable size for this field in the DCI scheduling Rel-16 URLLC. Therefore, it is more straightforward to keep it in the way as in Rel-15, which provide full flexibility here. 
Proposal 2.2.1-2: Keep “UL/SUL indicator (0 or 1 bit)” without any change from Rel-15 non-fallback DCI in UL DCI format scheduling Rel-16 URLLC. 
TPC command for scheduled PUSCH
For TPC command for scheduled PUSCH, the views from companies are summarized as shown in Table 1 and also copied here for convenience:
· Option 1: 2 bits (i.e. No change compared to Rel-15 DCI)
· Support: Qualcomm, Ericsson, Huawei, CATT, MTK, DCM, ZTE, Spreadtrum, Nokia, Intel, Vivo, Spreadtrum 

· Option 2: 0 bit to 2 bit in configurable manner 
· Support: Samsung

· Option 3: Jointly encoded with repetition factor (3 bits) 
·  Support: Sequans
It seems the majority view is to reuse the TPC command for scheduled PUSCH from Rel-15 DCI. Companies are encouraged to check the views from Samsung and Sequans. In addition, it is possible to be impacted by the discussion for inter-UE multiplexing enhancements also. It seems better to discuss this later once the discussion for inter-UE multiplexing is clear. For now, it can be suggested to go to the majority though.   
Proposal 2.2.1-3: Reuse “TPC command for scheduled PUSCH (2 bits)” from Rel-15 DCI for UL DCI format scheduling Rel-16 URLLC.
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Fields only from Rel-15 DCI format 0_1 to be present in DCI scheduling Rel-16 URLLC 
For achieving fully flexibility, several fields from Rel-15 non-fallback DCI (i.e. DCI format 0_1) are proposed to be added to the UL DCI format scheduling Rel-16 URLLC.  
CSI request    
For CSI, the views from companies are summarized as shown in Table 2 and also copied here for convenience:
· Option 1: Configurable # of bits (0 or 1 or 2 bits) 
· Support: Ericsson, ZTE (up to 3 bits), Intel, OPPO, MTK

· Option 2: Configurable # of bits (0 or 1 or 2 or 3 or 4 or 5 or 6 bits) 
· Support: DCM, Nokia, Intel, Samsung
Similar as other fields, it seems more flexible to provide the fully configurability by option 2. Therefore, unless significant problem or strong reasons are found to limit the maximum value to be configured, companies are suggested to go with option 2.  
Proposal 2.2.1-4: Keep “CSI request (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)” without any change from Rel-15 non-fallback DCI in UL DCI format scheduling Rel-16 URLLC.
UL-SCH indicator     
For UL-SCH indicator, the views from companies are summarized as shown in Table 2 and also copied here for convenience:
· Option 1: 0 or 1 bit
· Support: DCM, MTK, Panasonic, Intel, ZTE

· Option 2: 1 bit
· Support: Samsung, Qualcomm,
It seems companies want to include 0 bit for flexibility. For flexibility, option 1 can be considered for UL DCI format scheduling Rel-16 URLLC. However, once 0 bit is configured, the UE behavior needs to be further clarified though. For example, if 0 bit is configured, does it mean that aperiodic CSI is not allowed to be transmitted on the corresponding PUSCH?  
Proposal 2.2.1-5: Support configurable number of bits (0 or 1 bit) for “UL-SCH indicator” in UL DCI format scheduling Rel-16 URLLC. 

Based on the summary in Table 2, it seems better to post-pone the discussion of the following fields due to potential impacts from other functionalities/features under discussion:
· Beta offset indicator
· Downlink assignment index
Conclusion 2.2.1-2: For UL DCI format scheduling Rel-16 URLLC, post-pone the discussion of the following fields due to potential impacts from other functionalities/features under discussion:
· Beta offset indicator 
· Downlink assignment index

Based on the summary in Table 2 above, companies also provide views on the following fields:    
· SRS resource indicator 
· Precoding information and number of layers
· Antenna port(s)
· SRS request 
· DMRS-PTRS association
· DMRS sequence initialization 
However, the above fields highly related to MIMO features and also it may be related to multi-TRP discussion in MIMO work item. Therefore, it seems better to postpone the discussion later.      
Conclusion 2.2.1-3: For UL DCI format scheduling Rel-16 URLLC, post-pone the discussion of the following fields due to potential impacts from other MIMO functionalities/features under discussion:
· SRS resource indicator 
· Precoding information and number of layers
· Antenna port(s)
· SRS request 
· DMRS-PTRS association
· DMRS sequence initialization 
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New fields need to be added compared to Rel-15 DCI 
Based on the above table 2, it can be observed that several new fields compared to Rel-15 DCI are proposed to add in the UL DCI format scheduling Rel-16 URLLC. However, the fields of repetition factor, priority indicator and power adjustment indicator should depend on the discussion of other functionalities/features, thus the discussion of these fields can be delayed. 
Conclusion 2.2.1-1: For UL DCI format scheduling Rel-16 URLLC, post-pone the discussion of the following potential new fields due to potential impacts from other functionalities/features under discussion:
· Repetition factor 
· Priority indicator 
More information of other proposed newly added fields (e.g. waveform indicator) can be found in [Qualcomm, R1-1909264]. Companies are encouraged to check the proposal and provide the views whether the new field is needed or not.  
More discussion or views needed on the necessity of this new field.
Proposal 2.2.3-1: Further study the following potential new field for UL DCI format scheduling Rel-16 URLLC: 
· Waveform indicator 
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Other key issues related to DCI format design      
Based on the contributions from companies, the following three issues related to DCI format design are also discussed.
Note: 
Proposal: Rel-15 DCI formats can be used for scheduling Rel16 URLLC without any change. 
Proposal: Rel-15 DCI format 0_1 and 1_1 can be extended for scheduling Rel16 URLLC if needed. 
[bookmark: OLE_LINK28]Issue 1: Whether new DCI format(s) for scheduling Rel-16 URLLC is introduced?
· Yes: Qualcomm, Nokia, Panasonic, ZTE, MTK, Vivo, Samsung, LG, DCM, Sony, Huawei, InterDigital    
· URLLC demands much higher reliability on PDCCH, thus smaller DCI size is beneficial for URLLC scheduling. However, smaller DCI size configured for URLLC will be far from optimal for the eMBB operation, and the intention of non-fallback DCI configured to optimally support eMBB traffic cannot be achieved any more. 
· Only allowing new DCI format and non-fallback DCI in USS can solve the issue of DCI size budget if any if needed. 
· New fields (e.g. due to PUSCH enhancements or inter UE multiplexing) may be needed thus reasonable to consider new DCI format 
Proposal: Introduce one DCI format for DL scheduling and one DCI format for UL scheduling with configurable sizes for some fields in Rel-16. 


· No: Intel, Ericsson 
· The only use case for new DCI format is to enable diverse layer 1 signaling capabilities for scheduling eMBB and URLLC, which is quite rare and rather of a corner case 
In ideal case, whether to introduce new DCI format can be decided after achieving consensus on all the related fields. However, since it will have impact on other discussion like UCI enhancements, it would be good if we can make some progress in RAN1#98 meeting, otherwise it seems difficult to move forward for the discussing of other topics. Therefore, companies are encouraged to go with the majority. 
Proposal 2.3-1: New DCI format(s) are introduced for UL DCI format scheduling Rel-16 URLLC.

New DCI format(s) are introduced as motivated by Rel-16 URLLC scheduling 
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Issue 2: How to address the impact on DCI size budget in case a new DCI format is introduced?
· Option 1: Enhance the UE DCI size budget to at least “4+1” for Rel-16 URLLC 
· Support: Nokia, WILUS, Sharp, Sequans
 
· Increasing the DCI size budget should not be an issue, since R16 URLLC UE is expected to be more powerful considering enhanced PDCCH monitoring capability. 

· Option 2: Keep the total DCI size budget of 4, but allow up to 4 DCI with CRC scrambled with C-RNTI 
· Support: 
 
· Less impact on UE implementation. 

· Option 3: No change of the UE DCI size budget “3+1” and perform DCI size alignment if needed for Rel-16 URLLC 
· Support: Samsung, Panasonic, DCM, Ericsson 
 
· More restriction  

· Option 4: Enhance the UE DCI size budget to 4+1 for Rel. 16 URLLC only if the support for the new PDCCH monitoring capability is reported and configured separately from those of the Rel. 15.
· Support: Qualcomm

More views are needed before making any decision on this issue. Companies are encouraged to provide their views on this. 
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Issue 3: How to differentiate DCI formats if the size of the DCI format scheduling Rel-16 URLLC is aligned with that of Rel-15 DCI?
· Option 1: Different DCI formats are transmitted in different search space type/different search space sets, e.g. Rel-15 fallback DCI and the DCI format scheduling Rel-16 URLLC can be transmitted in CSS and USS respectively. 
· Support: Intel, LG, DCM

· Pros:
· No increase on DCI size budget
· Cons:
· Scheduling restriction, especially for UEs with mixed eMBB and URLLC 
· May increase the required number of #CCEs for monitoring


· Option 2: Different DCI formats CRC are scrambled with different RNTIs 
· Support: Huawei, LG, Nokia (maybe), Panasonic 
· Pros:
· No scheduling restriction 
· No increase on PDCCH blind decode
· Cons:
· Increase false alarm ratio

· Option 3: Different DCI formats are transmitted in different CORESETs with the condition that UE reports enhanced PDCCH monitoring capability separately from those of the Rel. 15. 
· Support: Qualcomm

· Pros:
· Avoids search space sharing between eMBB and URLLC DCIs, which is an issue when the number of BDs/CCEs are increased or when different minimum processing time capabilities are supported on the same carrier.
· Cons:
· Only applied to the case that UE has two independent processing units for a serving to process eMBB and URLLC separately 


· Option 4: 1 bit to differentiate DCI format 0_0/1_0 and DCI format scheduling Rel-16 URLLC
· 1 new bit can be added to DCI format 0_0/1_0 in USS 
  
· Support: Nokia (maybe),
· Pros:
· Less scheduling restriction 
· No increase on PDCCH blind decode
· Cons:
· Only applicable in USS 

· Option 5: Different DCI sizes for URLLC and eMBB
· Support: Qualcomm

· Pros: Avoids search space sharing between eMBB and URLLC DCIs, which is an issue when the number of BDs/CCEs are increased or when different minimum processing time capabilities are supported on the same carrier.
· Cons: Only applied to the case that the DCI size budget can be increased 
More views are needed before making any decision on this issue. Companies are encouraged to provide their views on this. 
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Summary of potential proposals on DCI format for discussion in RAN1#97
For convenience, this section summarize the potential proposals planned to be further discussed in the meeting for DCI format. Details can be seen in section 2.1 to section 2.3. In addition, it is also planned to discuss whether to introduce new DCI format(s) for scheduling Rel-16 URLLC, since it may have impact on other URLLC discussion like UCI enhancements. Companies are encouraged to provide the views under issue 1 in section 2.3 and the proposal below. 
Proposal 2.3-1: New DCI format(s) are introduced for UL DCI format scheduling Rel-16 URLLC.

Based on the summary on DL DCI format scheduling Rel-16 URLLC in section 2.1:

For frequency domain resource assignment
Proposal 2.1.1-1: 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. Down-select between Alt.1 and Alt. 2:
· Alt.1: The scheduling size 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 size
Proposal 2.1.1-2: Further study whether to support resource allocation type 0 for frequency domain resource assignment for the DCI format scheduling Rel-16 URLLC with one of the following modifications: 
· Option 1: configurable RBG size as the scheduling granularity 
· Option 2: Introduction of a configurable scaling factor K to the RBG size for resource allocation type 0

For VRB-to-PRB mapping 
Proposal 2.1.1-8: Support configurable number of bits (0 or 1 bit) for “VRB-to-PRB mapping” in DL DCI format scheduling Rel-16 URLLC. 

For time domain resource assignment
Proposal 2.1.1-3: For time domain resource allocation indication for PDSCH for Rel-16 URLLC, using the starting symbol of the PDCCH monitoring occasion in which the DL assignment is detected as the reference of the SLIV is configurable.
· FFS: If the new reference is configured, it is applied if K0=0, otherwise the reference is slot boundary as in Rel-15

For HARQ process number 
Proposal 2.1.1-7: Support configurable number of bits (0 or 1 or 2 or 3 or 4 bits) for “HARQ process number” for DCI format scheduling Rel-16 URLLC, depending on the configured number of HARQ processes.

For modulation and coding scheme
Proposal 2.1.1-5: Support configurable size for “modulation and coding scheme” for the DCI format scheduling Rel-16 URLLC.  
· FFS: the range of the MCS field is 2~5 bits 
· FFS: the entries to be indicated  

For redundancy version 
Proposal 2.1.1-6: Support configurable number of bits (0 or 1 or 2 bits) for “Redundancy version” in DL DCI format scheduling Rel-16 URLLC.


Based on the summary on UL DCI format scheduling Rel-16 URLLC in section 2.2:
For frequency hopping flag 
Proposal 2.2.1-1: Support configurable number of bits (0 or 1 bit) for “Frequency hopping flag” in UL DCI format scheduling Rel-16 URLLC. 
CSI request  
Proposal 2.2.1-4: Keep “CSI request (0 or 1 or 2 or 3 or 4 or 5 or 6 bits)” without any change from Rel-15 non-fallback DCI in UL DCI format scheduling Rel-16 URLLC.

UL-SCH indicator  
Proposal 2.2.1-5: Support configurable number of bits (0 or 1 bit) for “UL-SCH indicator” in UL DCI format scheduling Rel-16 URLLC. 
[bookmark: OLE_LINK16]
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Summary of Monday offline discussion on PDCCH enhancements
The section summarize the offline status on PDCCH enhancements on Monday: 
Proposal: 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. 

The proposals below were not discussed but listed here for the potential online discussion:   

HARQ process number

Proposal 2.1.1-7: Support configurable number of bits (0 or 1 or 2 or 3 or 4 bits) for “HARQ process number” for DCI format scheduling Rel-16 URLLC, depending on the configured number of HARQ processes.
[bookmark: _GoBack]
Company positions for the above proposals are as below: 
-------------------------------------------------------------------------------------------------------------------------
· Option 1: Support a subset of HARQ processes 
· Support: Ericsson, ZTE, InterDigital, OPPO
· 3 bits: Ericsson, OPPO,
· 2 bits: ZTE, InterDigital
· Option 2: Support a configurable number of HARQ processes  
· Support: Nokia, Huawei, DCM, Panasonic, Intel, Samsung, Spreadtrum, MTK, CATT, Vivo, ZTE, Qualcomm, Sharp, Sony
It can be observed that a simpler compromised solution is to support option 2 to provide the full flexibility, which can also save some effort to discuss the accurate subset of HARQ processes to be supported also. Companies are encouraged to go with option 2. Note that the design on HARQ process number is the same for DL DCI and UL DCI. 
-------------------------------------------------------------------------------------------------------------------------

Frequency domain resource assignment
Proposal 2.1.1-1: 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. 
· The scheduling size reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15

Company positions for the above proposals are as below: 
-------------------------------------------------------------------------------------------------------------------------
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication 
· Support: Qualcomm, Ericsson, Huawei, Vivo, Spreadtrum, OPPO, Panasonic, CATT, Intel, Samsung, CMCC

· 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
Support: Ericsson, Qualcomm, Intel, Samsung, Vivo, OPPO, Sharp, Huawei
· Alt 2: A new RRC parameter to configure the scheduling granularity
Support: CATT, Spreadtrum, CMCC, OPPO
· Pros: 
· Can reduce the maximum number of bits
· Less standard effort
· Cons: may not be able to fully utilize the resources for URLLC if needed in case of multiplexing eMBB and URLLC on the same serving cell

· Between Alt.1 and Alt.2: Alt.1 has less flexibility due to limited candidate granularity while it can help align resource usage across UEs with RA type 0 and RA type 1; Alt.2 has more flexibility but might be more complexity for implementation  


· Option 2: Separate configurable starting point granularity and length indication granularity
· Support: Nokia, Ericsson, MTK, DCM, Sony

· Pros: Enable better f-domain multiplexing of already scheduled eMBB PDSCH/PUSCH with later assigned URLLC PDSCH/PUSCH; 
· Cons: 
· Less reduction of the number of bits compared to option 1; 
· More standard effort
-------------------------------------------------------------------------------------------------------------------------

Increased PDCCH monitoring capability 
In Rel.15 NR, the limits of PDCCH BDs/CCEs are specified as following in TS 38.213:
	

Table 10.1-2: Maximum number of monitored PDCCH candidates per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20





Table 10.1-3: Maximum number of non-overlapped CCEs per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32





According to the agreements achieved in RAN1#96 meeting and also as shown in the eURLLC WID [1], specification will be done on increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to some restrictions, while enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered. In the following sections, the key issues about increase PDCCH monitoring capability are summarized.  
The maximum number of non-overlapped CCEs per slot for channel estimation     
As discussed in the study item phase, increasing the maximum number of non-overlapped CCEs per slot for channel estimation can bring benefits like potential reducing latency and improving the PDCCH blocking, however UE complexity is the main concern. Therefore, careful consideration is needed towards achieving an optimal balance between scheduling flexibility and improved blocking performance against UE complexity and power consumption. To make sure that the increase of number of non-overlapping CCEs does not bring significant UE processing complexity, restrictions should be defined.  
The per-CC limit on the maximum number of non-overlapping CCEs per monitoring span        
In the RAN1 #97 meeting, a working assumption for defining the limit on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span was agreed, with several points for FFS. In order to determine the specific value of C for a combination of (X, Y), several aspects need to be discussed first. 
[bookmark: OLE_LINK27]Issue 1:  How to select the value of C if multiple combinations of (X, Y) are valid for the span pattern? 
Regarding the span definition for Rel-16 URLLC, most companies think the definition given in UE feature 3-5b should be supported without any modification. [Nokia, R1-1908436] proposed that the definition of the span duration needs to be modified as below:
	Contribution R1-1908436, Nokia
Reusing the definition of span in FG-3-5b
One issue about directly reusing the definition of span in FG-3-5b is the definition of the span duration. The span duration of max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} (except possibly the last span in a slot which can be of shorter duration) may not be appropriate for URLLC any more. This is illustrated in Figure 3-1. Assume that a UE reports {(2, 2) (4,3) (7,3)} and it is configured with two monitoring occasions within a slot each having a length of 2 symbols . Following the definition of the span duration in FG-3-5b, the span duration is 2 symbols. This implies that the configuration would need to follow (X,Y)=(2,2). With Rel-16 enhancements, the expectation is that there will be different number of CCEs/BDs defined/reported for different (X, Y) combinations (unlike in Rel-15 there is only the total number of CCEs/BDs in a slot), and the maximum number of CCEs/BDs per span would be smaller for (2,2) than for (4,3) or (7,3). If we are forced to follow (2,2) in this case, the maximum number of CCEs/BDs would be smaller than what the UE can actually support e.g. with (7,3), for which the PDCCH configuration can also satisfy the span duration/separation constraints. This is not an issue for Rel-15 because the maximum number of CCEs/BDs is defined per slot, not per span. But now the Rel-15 span duration definition creates an issue for URLLC, which unnecessarily degrades the performance.
[image: ]
Figure 3-1 Impact of the definition of span duration
Therefore, to fully utilize the UE capability, rather than using minimum value of Y in the UE reported candidate value, any reported combination (X, Y) should be allowed to be used as long as the span duration/separation constraints are satisfied.
Proposal 3-1: The definition of span separation/duration (X, Y) in FG-3-5b is reused for defining enhanced PDCCH monitoring capability in Rel-16, except that “The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.” is removed.
· That is, a particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for any (X, Y) and the corresponding maximum number CCEs[/BDs] per span in the UE reported candidate value set in every slot, including cross slot boundary.



However, the issue raised in the contribution is more related to how to select the value of C if multiple configurations of (X, Y) are valid. For example, in the above figure it can be seen that the span pattern can meet the requirement of both (2, 2) and (7, 3). If the value of M for (7, 3) is selected, then we don’t need to modify the definition of the span duration. Some companies provide views on how to select the value of C as summarized below:          

· Option 1: The value of M of the valid configuration with the largest value of X should be selected. 
· Support: MTK

· Option 2: The maximum value of C of the valid configurations should be selected. 
· Support: Nokia, CATT, ZTE
To be compatible with Rel-15 UE feature, it is preferred that we should try to keep the agreed definition as much as possible. Among the above two options, option 1 and option 2 can be equal if the value of M is larger for a combination with larger value of X, and it can be expect that the combination with larger X can have large value of C according to the values proposed by companies. Although not many companies have provide the views on how to determine the value of C if multiple configurations can match the patter, it seems reasonable to choose the maximum value. For progress, companies are encouraged to consider the proposal below:    
Proposal 3.1-1: If multiple combinations of (X, Y, ) are valid for the span pattern, the maximum value of C of the combinations is applied.  
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Issue 2:  Any other combination of (X, Y) needed in addition to (2, 2), (4, 3) and (7, 3) as given in UE feature 3-5b?
Some extra combinations are proposed or mentioned in the contributions as summarized as below:
· (3, 3) or (3, 2)
· Yes: Nokia, Ericsson, Panasonic, LG, DCM
· To achieve 4 PDCCH monitoring occasions within a lot
According to the definition of span, more than one PDCCH monitoring occasions can be allocated within a span, therefore there is no problem to support 4 PDCCH monitoring occasions using the combination of (4, 3), though the duration and separation might not be uniform. Therefore, the gain we can get from a combination of (3, 3) or (3, 2) might be not that significant. Generally speaking, unless there is strong motivation or gain, it is preferred not to add more combination, since it may increase the UE implementation complexity. However, companies are encouraged to check and provide the views since not much input for now.
· (2,1), (4,1), (4,2), (7,1) and (7,2)
· Yes: Nokia (in principle), OPPO
· No: Qualcomm, ZTE, Huawei, Sharp, Spreadtrum, Panasonic, LG
As described in [Qualcomm, R1-1909264], based on the definition of X (the minimum gap between the start of two consecutive spans) and Y (the maximum length of each span), it can be seen that: (1) if a UE is capable of supporting (X, Y) = (2, 2), it can already supports a configuration that is compatible with (2, 1). The same observation holds true for (4,3), (4,2) and (4,1) as well as for (7,3), (7,2) and (7,1). Therefore, there is no motivation to introduce these new combinations.  
In addition, a few companies mentioned (1, 1) in the contributions also, but it seems there is no strong motivation to support (1, 1) since it seems (2, 2) can achieve what (1, 1) can do.

Proposal 3.1-2: Support (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b as the combination (X, Y) for PDCCH monitoring capability for Rel-16 URLLC.    
· Combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced
· FFS (3, 3) 

Issue 3:  Whether to allow different span pattern across slot?
[Intel, R1-1908645] raised some questions to be further considered on the potential modifications to the span definition as below:
· Whether to allow different span pattern across slot?
· Yes: Intel 
· To accommodate use cases with non-uniform and “triggered” monitoring occasions
· Whether to allow span cross the slot boundaries?

More views are needed for the above questions. Companies are encouraged to check and provide the views accordingly.
	Company
	View

	Panasonic
	We propose to support (3,3) or (3,2) to achieve 4 PDCCH monitoring occasions within a slot. If 4 PDCCH monitoring occasions is supported by (4,3), at least one CORESET lengths is limited to one symbol and one of separations between monitoring occasions is very closed. The solution for TDRA as “Option 1; Changing the reference from slot boundary to some PDCCH symbol (e.g., the starting symbol of PDCCH)” could not be used.

	
	



Issue 5:  How to handle the co-existence of the new PDCCH monitoring capability with the existing Rel-15 slot-level PDCCH monitoring capability, especially considering the CSS monitoring?
[Intel, R1-1908645][Vivo, R1-1908158][Nokia, R1-1908436][Qualcomm, R1-1909264] mentioned similar issue in the contributions. Some possible schemes mentioned as below. Please note that the alternatives here may not exactly as what described in the contribution. Can update if not match the real proposal from a contribution. 
· Alt 1: 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  
· Support: Nokia, LG, Samsung, CATT, OPPO, Huawei 

· For an eMBB and URLLC capable UE, it should report both Rel-15 slot level capability and Rel-16 span level capability, which  one to use is predefined with some condition or is configured by RRC signalling. 
· Support: CATT, OPPO, Huawei

· No need to define separate capabilities at different parts of a slot (e.g. beginning of slot vs. elsewhere in slot) as the UE hardware capability is what it is.
· More specification effort on discussing dropping rule or DCI size budget, etc 

· Alt 2: the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span can be different across different spans within a slot, lager value for a span with CSS than a span with only USS 
· Support: Ericsson, ZTE, Vivo

· Same value for all spans may result in more dropping in the span with both CSS and USS
· More specification effort on discussing dropping rule or DCI size budget, etc 

· Alt 3: The PDCCH monitoring capability of a UE can be signalled separately for eMBB and URLLC scheduling. Any Rel-15 PDCCH monitoring capability can be reported for eMBB, while Rel-16 span level capability is applied to Rel-16 URLLC. 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 only cover USS for URLLC for Rel-16 span level capability.   
· Support: Qualcomm 

· Different processing unit for eMBB and URLLC, thus no PDCCH dropping or DCI budget issue for URLLC 
· Only applied to the case that UE has two independent processing units for a serving to process eMBB and URLLC separately 

· Alt 4: Support the following characterization to harmonize the requirements between Rel-15 and Rel-16. 
· In a given slot, the numbers of BDs/CCEs in a span may equal the slot-level limit only if all PDCCH candidates in the span correspond to PDCCH CSS sets including Types 0, 0A, 1, 3, and 2 (without RRC configuration) PDCCH CCS sets. In this case, there can only be a single PDCCH span in the particular slot.
· If the span includes PDCCH candidates from UE-SS or Type 2 CSS that are UE-specifically configured to the UE or there are multiple spans within a slot duration, the span-level limits (that are no larger than the slot-level limits) apply. 

· [bookmark: OLE_LINK33]Support: Intel

This is a very important issue better to have some progress in RAN1#98 meeting for better discussing on enhanced PDCCH capability in the future. However, it seems more discussion and more views are needed on this before making any proposal here. Companies are encouraged to provide views on this.
	Company
	View

	
	

	
	



Issue 6:  What is the detailed value of C for a certain combination?
Regarding the value of C, some companies provide some views as summarized below. However, it seems more inputs are needed before making any proposal because at least some of the above issues may have the impact on the value of C. 
	
	X
	Y
	C
	Source

	
	
	
	=0
	=1
	=2
	=3
	

	Combination 1
	2
	2
	[48]
	[48]
	[36]
	[24]
	Nokia, R1-1908436

	
	2
	2
	[48]
	[48]
	[32]
	[16]
	Samsung, R1-1908490

	
	2
	2
	32
	32
	32
	32
	DCM, R1-1909193

	
	2
	2
	
	8
	
	
	OPPO, R1-1908667

	
	2
	2
	16
	16
	
	
	Vivo, R1-1908158

	
	2
	2
	16
	-
	-
	-
	ZTE, R1-1908235

	
	2
	2
	28
	-
	-
	-
	Huawei, R1-1908051

	
	2
	2
	24
	24
	16
	16
	Ericsson, R1-1908121

	
	2
	2
	16
	-
	-
	-
	CATT, R1-1908594

	
	2
	2
	16
	16
	16
	16
	Sharp, R1-1909099

	
	2
	2
	16
	16
	13
	9
	Spreadtrum, R-1908954

	Combination 2
	4
	3
	56
	56
	48
	32
	Samsung, R1-1908490

	
	4
	3
	64 (56)
	32
	32
	32
	DCM, R1-1909193

	
	4
	3
	36
	36
	
	
	Vivo, R1-1908158

	
	[4]
	[3]
	[56]
	[56]
	[48]
	[32]
	Nokia, R1-1908436

	
	4
	3
	36
	
	
	
	ZTE, R1-1908235

	
	4
	3
	40
	40
	32
	24
	Ericsson,

	
	4
	3
	32
	32
	27
	18
	Spreadtrum, R-1908954

	
	4
	3
	36
	36
	32
	24
	Sharp, R1-1909099

	Combination 3
	7
	3
	56
	56
	48
	32
	Nokia, R1-1908436

	
	7
	3
	56
	56
	48
	32
	Samsung, R1-1908490

	
	7
	3
	-
	32
	-
	-
	OPPO, R1-1908667

	
	7
	3
	56
	56
	-
	-
	Vivo, R1-1908158

	
	7
	3
	56
	-
	-
	-
	ZTE, R1-1908235

	
	7
	2
	128 (112)
	48
	32
	32
	DCM, R1-1909193

	
	7
	3
	56
	56
	48
	32
	Spreadtrum, R-1908954

	
	7
	3
	56
	56
	48
	32
	Sharp, R1-1909099
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[bookmark: OLE_LINK63]
Issue 6:  What is the UE behavior if the obtained PDCCH monitoring span arrangement is invalid?
· Option 1: Dropping some PDCCH monitoring occasions till the span arrangement is valid. 
· Support: MTK
[bookmark: OLE_LINK8][MTK, R1-1906565] mentioned this issue and proposed option 1 above. More discussion are needed here to see whether to consider this as error case first, if not then discuss the potential UE behavior. Companies are encouraged to provide views on this. 
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In addition, as discussed in [Intel, R1-1908645], how to define the limit considering CA with same or different numerology needs to be discussed under the enhanced PDCCH monitoring capability. Companies are encouraged to study this issue. 

Additional restrictions 
In addition, some companies [Qualcomm, R1-1907281][Huawei, R1-1906057][LG, R1-1906664] also provides views on some other potential restrictions as summarized below:
· Limitation on the maximum number of CCs configured with enhanced PDCCH monitoring capability 
· Qualcomm, Huawei
· Limitation on the scheduled PDSCH/PUSCH, e.g. reduce number of RBs, number of spatial layers, TBS 
· Qualcomm, LG
Proposal 3.1-3: Further study the following additional potential restrictions to support increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation: 
· Limitation on the maximum number of CCs configured with enhanced PDCCH monitoring capability
· Limitation on the scheduled PDSCH/PUSCH, e.g. reduce number of RBs, number of spatial layers, TBS 
In addition, as described in [Qualcomm, R1-1907281][LG, R1-1908541], the number of non-overlapping CCEs for channel estimation should also depend on the UE processing capacity, SCS, the number of PDCCH monitoring spans per slot. Companies are encouraged to check these aspects also to see if any restriction needed. 
Note that the restrictions here can be the baseline for increased PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot if agreed to be supported.  
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Applicable SCS(s) for increased PDCCH monitoring capability on non-overlapped CCEs      
In the RAN1#96 meeting, it was agreed that the set of applicable SCS(s) for increased PDCCH monitoring capability is to be finalized during the work item phase. Some companies provide views on this explicitly as summarized below:
· Option 1: Prioritize enhancements for SCS of 15 kHz and 30 kHz 
· Intel, OPPO, Huawei, MTK, Panasonic  
· Option 2: applied to all SCS 
· DCM, Nokia, Ericsson, ZTE, DCM, Samsung, Sharp, Spreadtrum, LGE
Considering only a few companies provide explicit views in the contribution, more inputs are needed before making any decision. 
Proposal 3.1-4: Further study the set of applicable SCS(s) for increased PDCCH monitoring capability.     

	Company
	View

	
	


Impact on PDCCH overbooking and dropping rules       
Some companies provide some views on PDCCH overbooking and dropping rules:
	Contribution [Intel, R1-1908645]
· Consider defining the PDCCH dropping rules at smaller granularity than SS set level
· e.g., at the granularity of the set of candidates corresponding to a monitoring span, or one or more monitoring occasions that fall within a span.



	Contribution [LG, R1-1908541]
Currently, if a UE is configured with more number of non-overlapped CCEs to monitor than channel estimation capability or with more number of candidates to monitor than blind decoding capability, then the UE skips monitoring for all candidates of the search space set(s) with higher search space set ID and lower priority of search space type. This inefficient behavior can be improved. For instance, rather than dropping a search space set, a UE can monitor some of candidates of the search space set to be dropped until the total number of PDCCH candidates to be monitored does not exceed the number of BDs/CCEs for PDCCH monitoring. 
Proposal 6: Allowing partial dropping of search space set due to the limitation of BDs/CCEs can be taken into account.



	Contribution [MediaTek, R1-1908408]
A pseudo-code is defined in Rel-15 specs to handle the PDCCH overbooking. The PDCCH overbooking happens when the UE is configured with a number of PDCCH candidates to monitor larger than the #BDs specified limits. In the specified pseudo-code, CCEs/BDs allocation starts with search space (SS) with the lowest index. Therefore, priorities are currently given to the search spaces according to their indexes. This is not good for the URLLC traffic which could be scheduled by a PDCCH in a search space with high index and could be therefore dropped. 
To handle this issue multiple options are possible: 
· Option 1: Allocate priorities to search spaces and take those priorities into account in the PDCCH overbooking pseudo-code.
· Option 2: Split the CCEs/BDs budget equally (or with some priorities to the URLLC traffic) to avoid the risk of the CCEs being consumed from the initial monitoring occasion/CORESETs/search space.
Proposal 11: PDCCH overbooking and dropping rules should be reviewed for Rel-16 URLLC. 



	Contribution [Huawei, R1-19068051]
In Rel-15, the PDCCH overbooking is performed on a per slot basis. An essential part of the PDCCH candidate dropping is the counting of CCEs and BDs. In Rel-15, there is support for up (56. 56, 48, 32) CCEs and (44, 36, 22, 20) BDs for (15, 30, 60, 120) kHz SCS, respectively. For every slot it needs to be evaluated whether the number of configured candidates either exceeds the CCE or the BD limit. If it does, candidates will be dropped. In theory all information about the number of required BD/CCEs is available upon RRC configuration of the search space. So, in theory, all calculations for all future slots could be done up-front when the search spaces are configured. However, there are too many combinations possible, and such an implementation is far from efficient, or simply not possible, because it would require too much memory for a cost efficient implementation. Therefore, the #CCE/#BD can be counted instead in the beginning of every slot and then the PDCCH dropping rules are applied.
In Rel-16, it has been agreed to increase the number of CCEs at least for one SCS and to define CCE limits per span. For the #BDs it is not decided yet whether they shall be increased or not. But regardless the outcome of this discussion, two issues have to be decided:
· Shall there be a BD limit per span, regardless if #BDs are increased or not?
· For Rel-16, should the BD/CCE counting and the PDCCH candidate dropping be performed on a span basis or on a slot basis?
In our view, because the CCE limits are defined per span in Rel-16, it would make it simpler to use the same reference also for the BD counting. Thus, regardless if the number of BDs per slot is increased or not, there should be a BD limit per monitoring span.  Then, in Rel-16, the whole PDCCH monitoring capability would be defined per monitoring span and the Rel-15 dropping rules can be reused per span. This will reduce specification effort and further guarantee that there are monitoring occasions in each monitoring span, thus the latency requirement could be guaranteed.
Proposal 12: The PDCCH candidate dropping rules for Rel-15 should be re-used per monitoring span for enabling low latency operation. The BD limit should be defined per monitoring span (regardless if the number of BDs per slot is increased compared to Rel-15 or not.    



	Contribution [ZTE, R1-1906409]
If the maximum number of non-overlapped CCEs (or also including the maximum number of BDs) per span are introduced in Rel-16, then the dropping rules defined in Rel-15 should be reconsidered. As shown in Figure 9, if we reuse the dropping rules defined in Rel-15 without any change, then all the candidates in USS3 will be dro In Rel-15, the PDCCH overbooking is performed on a per slot basis. An essential part of the PDCCH candidate dropping is the counting of CCEs and BDs. In Rel-15, there is support for up (56. 56, 48, 32) CCEs and (44, 36, 22, 20) BDs for (15, 30, 60, 120) kHz SCS, respectively. For every slot it needs to be evaluated whether the number of configured candidates either exceeds the CCE or the BD limit. If it does, candidates will be dropped. In theory all information about the number of required BD/CCEs is available upon RRC configuration of the search space. So, in theory, all calculations for all future slots could be done up-front when the search spaces are configured. However, there are too many combinations possible, and such an implementation is far from efficient, or simply not possible, because it would require too much memory for a cost efficient implementation. Therefore, the #CCE/#BD can be counted instead in the beginning of every slot and then the PDCCH dropping rules are applied.
In Rel-16, it has been agreed to increase the number of CCEs at least for one SCS and to define CCE limits per span. For the #BDs it is not decided yet whether they shall be increased or not. But regardless the outcome of this discussion, two issues have to be decided:
· Shall there be a BD limit per span, regardless if #BDs are increased or not?
· For Rel-16, should the BD/CCE counting and the PDCCH candidate dropping be performed on a span basis or on a slot basis?
In our view, because the CCE limits are defined per span in Rel-16, it would make it simpler to use the same reference also for the BD counting. Thus, regardless if the number of BDs per slot is increased or not, there should be a BD limit per monitoring span.  Then, in Rel-16, the whole PDCCH monitoring capability would be defined per monitoring span and the Rel-15 dropping rules can be reused per span. This will reduce specification effort and further guarantee that there are monitoring occasions in each monitoring span, thus the latency requirement could be guaranteed.
Proposal 12: The PDCCH candidate dropping rules for Rel-15 should be re-used per monitoring span for enabling low latency operation. The BD limit should be defined per monitoring span (regardless if the number of BDs per slot is increased compared to Rel-15 or not.   
A potential way is to reuse the dropping rules defined in Rel-15 by applying the pseudo-code of handling PDCCH overbooking per span instead of per slot. Then the candidates in USS3 may not be dropped in some spans depending on the maximum number of non-overlapped CCEs of each span. Further optimization can be considered to avoid no candidates in one span or to keep as many candidates as possible in one span, such as dropping with candidate granularity. 
[image: ]
Figure 9: An example of span pattern
Proposal 13: PDCCH dropping rules for Rel-16 should be reconsidered by applying the pseudo-code of handling PDCCH overbooking per span instead of per slot. FFS the dropping granularity.


Based on the above inputs, and considering the potential new definition on the limitation of increased PDCCH monitoring capability and higher priority of URLLC, it seems reasonable to further study on PDCCH dropping rule. However, [Qualcomm, R1-1909264] describes that CCE/BD overbooking is not needed for URLLC, because DCI for URLLC will only be transmitted in USS. 
Proposal 3.1-5: Further study enhancements on PDCCH overbooking, including BD/CCE counting and the PDCCH dropping rule.    

In addition, [Motorola, R1-1909148] proposed to study solutions to reduce scheduling delay in case of overlap of a PDCCH monitoring occasion with an UL transmission, and specified if needed. Companies are encouraged to check and provide views. 
Search space set configurations for eMBB and URLLC       
As described in [Qualcomm, R1-1909264], one question to answer is how to configure search space sets and how to monitor eMBB and URLLC DCIs once the new PDCCH monitoring capability is defined.  
Question 1:  Whether to allow separate search space set(s) and/or CORESET configuration for URLLC and eMBB? 
· Option 1: Separate CORESETs can be configured for monitoring eMBB and URLLC. One CORSET for monitoring URLLC.  
· Support: Qualcomm

· Reasons:
· The UE only monitors DCI for URLLC in USS, thus one CORESET sufficient
· Assuming that one additional CORESET can be added under the CA framework, assigning one CORESET to URLLC does not reduce the eMBB scheduling flexibility.
Question 2:  Whether a smaller minimum requirement pdcch-BlindDetectionCA should be introduced for in case of CA with both eMBB and URLLC on a carrier? 
· Yes.  
· Support: Qualcomm

Companies are encouraged to check the issues raised by Qualcomm and provide your views. 
	Company
	View

	
	

	
	



Enhancements for the maximum number of monitored PDCCH candidates per slot     
In the RAN1#96 meeting, it was agreed that enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.
Some analysis from study item phase can be kept here for study whether enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot are needed or not. 
Maximum number of PDCCH monitoring occasions needed for URLLC per slot    
[bookmark: OLE_LINK24]The key aspect related to whether to enhance the PDCCH capability is the potential number of PDCCH monitoring occasions needed for URLLC per slot. Several companies provides the views as below:
· At least 3: MediaTek (only for SCS of 15 kHz)
· At least 4: CATT (for FDD and 60 kHz), Nokia, Ericsson   
· [bookmark: OLE_LINK30]7: Vivo, Qualcomm, Nokia, NTT DOCOMO, ZTE, OPPO, Asia Pacific Telecom, ETRI 
Some companies provide detailed analysis on how to get the numbers:   
	Contribution [MediaTek, R1-1906565]
Figure 1 and Figure 2 show the CDF of the latency for a single shot transmission for SCS = 15 kHz and SCS = 30 kHz. Various PDCCH monitoring periodicities are evaluated to determine the periodicity needed to meet the latency requirement. 
For example for SCS = 15 kHz and with a single shot transmission, PDCCH monitoring configuration with 4 OS periodicity is needed to meet the 1ms latency required, which is equivalent to at least 3 PDCCH monitoring occasions configured. 
	[image: ]
[bookmark: _Ref5031366]Figure 1: SCS =15 kHz 
	[image: ]
[bookmark: _Ref5031379]Figure 2: SCS =30 kHz 






	Contribution [Qualcomm, R1-1903004]
Focusing on the DL direction and considering that completing two transmissions within the latency budget of 1ms is critical for an efficient operation, we analyze the achievable latency under Case 1-1 and Case 2 with different number of monitoring occasions as follows (Note that in the analysis below, we have assumed multiple HARQ-ACK reporting per slot is allowed):  
· Case 2 with SCS = 30KHz, N1 = N3 = 4.5 symbols, a half-symbol propagation delay and four monitoring occasions per slot:



Figure 2: eURLLC latency assuming four PDCCH monitoring occasion per slot (Case 2).

· Case 2 with SCS = 30KHz, N1 = N3 = 4.5 symbols, a half-symbol propagation delay and seven monitoring occasions per slot:



Figure 3: eURLLC latency assuming seven PDCCH monitoring occasion per slot (Case 2).

Observation 1: For eURLLC with stringent latency requirements, a frequent PDCCH monitoring, e.g., in units of every 2, is necessary.  
[bookmark: _Hlk525923710]Proposal 1: To enable fast scheduling for eURLLC, RAN1 considers the feasibility of increasing the number of BD/CCE limit. The required conditions and relaxations should be studied. 



	Contribution [CATT, R1-1902002, R1-1902005]
For the reference Case 1, where the gNB processing time is associated with the UE N1/N2 processing time, it was observed in [3] that for FDD and 60 KHz SCS at least four monitoring occasions may be required per slot to achieve 1ms latency budget for DL scheduling when provisioning for at least one HARQ retransmission.
Contribution [CATT, R1-1902005]
We assumed two cases for gNB processing time assumptions to model different assumptions on the base station load as follow where X=2 for 30kHz SCS and X=4 for  60kHz SCS, 
· Case 1: Processing time for scheduling the initial PDSCH is N2/2 + X and decoding time for the last PUSCH is N1/2+X
· Case 2: Processing time for scheduling the initial PDSCH is N2+X and decoding time for the last PUSCH is N1+X. 
[bookmark: _Ref534637169][bookmark: _Ref1129966]Table 1: Latency analysis under Rel-15 N1/N2 values (FDD)
	gNB proc time assumption
	SCS (kHz)
	# MO/slot
	TTI (OS)
	DL
	UL ConfiguredGrant

	
	
	
	
	1 Tx (ms)
	2 Tx (ms)
	1 Tx (ms)
	2 Tx (ms)

	Case 1
	30
	4
	2
	0.58
	1.22
	0.39
	1.07

	
	
	
	4
	0.72
	1.51
	0.61
	1.29

	
	
	
	7
	0.94
	1.94
	0.75
	1.54

	
	
	7
	2
	0.51
	1.15
	0.39
	1.04

	
	
	
	4
	0.65
	1.37
	0.61
	1.29

	
	
	
	7
	0.87
	1.87
	0.75
	1.54

	
	60
	4
	2
	0.46
	0.96
	0.32
	0.86

	
	
	
	4
	0.53
	1.1
	0.43
	0.96

	
	
	
	7
	0.63
	1.21
	0.5
	1.13

	
	
	7
	2
	0.42
	0.92
	0.32
	0.82

	
	
	
	4
	0.49
	1.03
	0.43
	0.96

	
	
	
	7
	0.6
	1.17
	0.5
	1.13

	Case 2
	30
	4
	2
	0.68
	1.32
	0.47
	1.15

	
	
	
	4
	0.82
	1.61
	0.69
	1.37

	
	
	
	7
	1.04
	2.04
	0.83
	1.62

	
	
	7
	2
	0.61
	1.25
	0.47
	1.12

	
	
	
	4
	0.75
	1.46
	0.69
	1.37

	
	
	
	7
	0.96
	1.96
	0.83
	1.62

	
	60
	4
	2
	0.55
	1.05
	0.4
	0.94

	
	
	
	4
	0.63
	1.2
	0.51
	1.04

	
	
	
	7
	0.73
	1.3
	0.58
	1.21

	
	
	7
	2
	0.52
	1.02
	0.4
	0.9

	
	
	
	4
	0.59
	1.13
	0.51
	1.04

	
	
	
	7
	0.7
	1.27
	0.58
	1.21






Observation 3.2-1: At least 3 PDCCH monitoring occasions per slot are needed for SCS of 15 kHz assuming one shot transmission for URLLC within 1 ms latency budget. 1 PDCCH monitoring occasion per slot may be sufficient for SCS of 30 kHz, 60 kHz and 120 kHz assuming one shot transmission for URLLC within 1 ms latency bound.  
     
Observation 3.2-2: 7 PDCCH monitoring occasions per slot are needed for SCS of 30 kHz assuming two transmissions for URLLC within 1 ms latency budget.

Observation 3.2-3: At least 4 PDCCH monitoring occasions per slot are needed for SCS of 60 kHz assuming two transmissions for URLLC within 1 ms latency budget.

The related issues are discussed under the agenda item of enhanced scheduling/HARQ processing timeline also. More observations can be drawn from that session maybe.
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Evaluation on NR Rel-15 PDCCH capability    
In Rel.15 NR, the limits of PDCCH BDs/CCEs are specified as following in TS 38.213:
	

Table 10.1-2: Maximum number of monitored PDCCH candidates per slot for a single serving cell as a function of the subcarrier spacing value  kHz, 
	

	
Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20






Some companies provide some analysis and/or evaluation on NR Rel-15 PDCCH capability. Some examples are given below: 
	Contribution [Nokia, R1-1908436]
To understand better the impact of the number of BDs, we have performed some evaluation on the blocking probability with different assumptions on the number of BDs. The evaluation is based on some simplified assumptions:
· A total of 34 CCEs in the CORESET
· This corresponds to the case of 2-symbol CORESET with 40 MHz bandwidth and 30kHz SCS.
· Distribution of ALs (based on PDCCH link level performance assume 10-5 target BLER and the geometry from the system level) is as follows:
	AL
	1
	2
	4
	8
	16

	Probability
	27%
	28%
	33%
	11.5%
	0.5%


· The number of UEs to be scheduled per monitoring occasion: 2 to 8 (an input parameter)
· The number of candidates for each AL is also an input parameter. The following numbers for ALs (1, 2, 4, 8, 16) has been simulated:
· (2, 2, 2, 1, 1) – 8 candidates per monitoring occasion
· (4, 4, 2, 2, 2) – 14 candidates per monitoring occasion
· (6, 6, 2, 2, 2) – 18 candidates per monitoring occasion
· The output is the blocking probability.
· The simulation performs an exhaustive search among all the feasible candidates (with ALs that can satisfy 10-5 target BLER) of all the UEs to maximize the number of UEs that can be scheduled at a time. Each monitoring occasion is independently simulated.
[image: ]
Figure. 3-2 Blocking probability for different number of UEs and different number of candidates for each AL.
As can be seen from Figure 3-2, the blocking probability improves as more candidates become available. Note that the assumed number of candidates is already beyond what can be supported in Rel-15 in case of 4 monitoring occasions per slot. Reducing the blocking probability by one order (e.g. from 10-2 to 10-3) can be critical for URLLC because it immediately affects the latency of the final packet delivery.
Observation 3-2: The maximum number of BDs in Rel-15 is not sufficient for URLLC with multiple monitoring occasions per slot. Increasing the limit would alleviate its impact on PDCCH blocking probability and improve URLLC performance.



	Contribution [Spreadtrum, R1-1908954]
For blind decoding, we do not prefer to use larger BD limits, other implementation methods such as fewer PDCCH candidates can be configured for every monitoring occasion. As shown in Table 2, more occasions are configured, the current blind decoding number can at least provide 2 PDCCH candidates for every PDCCH monitoring occasion. So we prefer not to increase the PDCCH blind decoding number for Rel-16 URLLC.
Table 2: Max no. of PDCCH BDs per monitoring occasion
	SCS
	Max no. of PDCCH BDs per slot
	Max no. of PDCCH BDs per monitoring occasion 

	
	
	7 monitoring occasions per slot
	4 monitoring occasions per slot

	15 kHz
	44
	6
	11

	30 kHz
	36
	4
	9

	60 kHz
	22
	3
	5

	120 kHz
	20
	2
	5



Proposal 1. The number of PDCCH blind decoding does not increase in Rel-16 NR URLLC.


In addition, based on the maximum number of PDCCH monitoring occasions observed in section 3.2.1, we can do a simple calculation as shown in the following Tables: 
Table 3 Number of available BDs per PDCCH monitoring occasion based on Rel-15 PDCCH capability assuming 7 PDCCH candidates for CSS  
	
	Average number of PDCCH candidates per monitoring occasion in USS

	15kHz SCS, 3 monitoring occasions per slot assuming one short transmission for URLLC within 1ms latency budget
	~12

	30kHz SCS, 7 monitoring occasions per slot assuming two transmissions for URLLC within 1ms latency budget
	~4

	60kHz SCS, 4 monitoring occasions per slot assuming two transmissions for URLLC within 1ms latency budget 
	~4



From Table 3 there are about 12 PDCCH candidate available per PDCCH monitoring occasions for SCS of 15 kHz, it may be sufficient. For SCS of 30 kHz and 60 kHz, the available number of PDCCH candidates per PDCCH monitoring occasion is about 4. From single URLLC only UE perspective, it may be sufficient. 
Observation 3.2-4: For SCS of 15 kHz, Rel-15 PDCCH monitoring capability may be sufficient from the maximum number of monitored PDCCH candidates per slot perspective, assuming 3 PDCCH monitoring occasions per slot.

Observation 3.2-5: For SCS of 30 kHz and 60 kHz, Rel-15 PDCCH monitoring capability may be sufficient from the maximum number of monitored PDCCH candidates per slot perspective at least for UEs only monitoring URLLC service, assuming 7 PDCCH monitoring occasions per slot for 30 kHz and 4 PDCCH monitoring occasions per slot for 60 kHz.

Observation 3.2-6: The current UE capability on the maximum number of BDs and the maximum number of CCEs for channel estimation for Case 2 in NR is much lower than for Rel-15 LTE sTTI.
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Impact on UE complexity     
In theory, the increase of PDCCH monitoring capability can provide more flexibility for URLLC scheduling and provide more chances to reduce the latency. However, according to the discussion in Rel-15, it was observed that the limit of BDs do have much impact on UE complexity. Therefore, if enhancements on the maximum number of monitored PDCCH candidates per slot is necessary, then restrictions similar as that for the maximum number of non-overlapped CCEs per slot for channel estimation should be defined.  
Enhancements on the maximum number of monitored PDCCH candidates per slot      
Some companies provide the views on whether enhancements on the maximum number of monitored PDCCH candidates per slot needed as summarized below:
· Option 2: Enhance the maximum number of monitored PDCCH candidates per slot
· Company position: Nokia, LG, CATT, Ericsson, NTT DOCOMO, ZTE, Panasonic   
· Option 3: No enhancements on PDCCH monitoring capability 
· Company position: Spreadtrum, Huawei 

Based on the initial analysis above, it seems the motivation to support the enhancements on the maximum number of monitored PDCCH candidates per slot is not strong. However, it seems not many companies provide very clear view on this, thus further inputs may be needed before making decision. Though companies are encouraged to go to the majority view.  

[bookmark: OLE_LINK12]Proposal 3.2-1: Further study on whether enhancement on the maximum number of monitored PDCCH candidates per slot is needed or not.   

In addition, once the design for increased PDCCH monitoring capability on the maximum number of non-overlapped CCEs per slot for channel estimation is clear, similar frame work can be used for increased PDCCH monitoring capability for the maximum number of monitored PDCCH candidates per slot.  
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Summary of potential proposals on PDCCH capability for discussion in RAN1#97
For convenience, this section summarize the potential proposals planned to be further discussed in the meeting for increased PDCCH monitoring capability. Details can be seen in section 3.1 to section 3.2. In addition, if time allowed, we will discuss whether to support enhancement on the maximum number of monitored PDCCH candidates per slot.
Proposal 3.1-1: If multiple combinations of (X, Y, ) are valid for the span pattern, the maximum value of C of the combinations is applied.  

Proposal 3.1-2: Support (2, 2) (4, 3) (7, 3) defined in UE feature 3-5b as the combination (X, Y) for PDCCH monitoring capability for Rel-16 URLLC.    
· Combination (2, 1) (4, 1) (4, 2) (7, 1) (7, 2) are not additionally introduced
· FFS (3, 3) 
In addition, how to handle the co-existence with Rel-15 capability will be discussed also. People are encouraged to provide more views in section 3.1.1 and then we can make decision accordingly. 
Other PDCCH enhancements 
Some companies provide some other thinking on PDCCH enhancements:
· CATT (R1-1908594) proposed configured scheduling assignments in conjunction with some DCI indication to solve the problem brought by PDCCH blocking.
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Reference
[1] R1-1908051	PDCCH enhancements for URLLC	Huawei, HiSilicon
[2] R1-1908121	PDCCH Enhancements for NR URLLC	Ericsson
[3] R1-1908158	PDCCH enhancements for URLLC	vivo
[4] R1-1908226	PDCCH enhancement for URLLC	China Unicom
[5] R1-1908235	On PDCCH enhancements for NR URLLC	ZTE
[6] R1-1908408	PDCCH enhancements for eURLLC	MediaTek Inc.
[7] R1-1908436	On PDCCH enhancements for NR URLLC	Nokia, Nokia Shanghai Bell
[8] R1-1908490	DL Control for URLLC	Samsung
[9] R1-1908541	PDCCH enhancements for NR URLLC	LG Electronics
[10] R1-1908594	PDCCH enhancements for URLLC	CATT
[11] R1-1908645	Downlink control enhancements for eURLLC	Intel Corporation
[12] R1-1908667	PDCCH enhancements for URLLC	OPPO
[13] R1-1908777	DCI Format for URLLC	Sony
[14] R1-1908798	PDCCH enhancements for NR URLLC	Panasonic Corporation
[15] R1-1908954	Discussion on PDCCH enhancements for URLLC	Spreadtrum Communications
[16] R1-1909099	Discussion on PDCCH enhancements	Sharp
[17] R1-1909148	PDCCH enhancements for URLLC	Motorola Mobility, Lenovo
[18] R1-1909193	PDCCH enhancements for URLLC	NTT DOCOMO, INC.
[19] R1-1909264	PDCCH Enhancements for eURLLC	Qualcomm Incorporated
[20] R1-1909366	On DCI enhancement for NR URLLC	WILUS Inc.
[21] R1-1909413	PDCCH enhancements for URLLC	Sequans Communications
[22] R1-1909451	PDCCH Enhancements for URLLC	InterDigital, Inc.

Appendix A: Agreements in the past meetings  
NR RAN1 AH Meeting 1901  
	
Observation:
For carrier frequency 700MHz with antenna configuration of 2 Tx/2 Rx, channel model of TDL-C 300 ns, 20 MHz and a CORESET with 2 symbols, five sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry, and two sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) cannot meet the reliability of 99.9999% at the 5%-tile SINR geometry.
Observation:
For carrier frequency 4 GHz with antenna configuration of 4 Tx/4 Rx, channel model of TDL-C 300 ns and a CORESET with 1 or 2 symbols, 12 sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry.
Observation:
Eight sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can provide 0.6dB ~ 1 dB gain for AL=16 assuming 4 GHz, 1e-5 or 1e-6 target BLER, 4 Rx at UE side, TDL-C and a CORESET with 1 or 2 symbols in time domain and 40 MHz in frequency domain. 
Observation:
Three sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can provide 0.7dB ~ 1 dB gain for AL=16 assuming 700 MHz, 1e-6 target BLER, 2 Rx at UE side, TDL-C and a CORESET with 2 symbols in time domain and 20 MHz in frequency domain.
Observation:
Two sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 14 % ~ 20% PDCCH resource used for URLLC UEs assuming 700 MHz, 1e-5 or 1e-6 target BLER for single PDCCH transmission, 2 Rx at UE side, TDL-C and a CORESET with 2 symbols in time domain, 20 MHz in frequency domain.
Observation:
· Three sources show that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 14 % ~ 16% PDCCH resource used for URLLC UEs assuming 4 GHz, 1e-5 or 1e-6 target BLER for single PDCCH transmission, 4Tx/4Rx at gNB side and 4 Rx at UE side, TDL-C and a CORESET with 1 or 2 symbols in time domain, 40 MHz in frequency domain.
· One source shows that compact DCI targeting a reduction of 16 bits compared to (e.g. 40 bits) Rel-15 DCI can save 7 % ~ 11% PDCCH resource used for URLLC UEs assuming 4 GHz, 1e-5 target BLER for single PDCCH transmission, 16 Tx/16 Rx at gNB side and 2 Tx/4 Rx at UE side for SINR CDF geometry, 2 Tx/4 Rx for PDCCH BLER, TDL-C and a CORESET with 1 or 2 symbols in time domain, 40 MHz in frequency domain.

Agreements:
For the DCI format scheduling Rel-16 NR URLLC, 
· Support potential reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 
· Frequency domain resource assignment
· Time domain resource assignment
· Modulation and coding scheme
· HARQ process number
· Redundancy version 
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink assignment index
· Note: Reduction of other fields are not precluded 
· Down-select one of the following options for the DCI format size – targeting down-selection in RAN1#96 (not to be captured in the TR for now)
· Option 1: Fixed DCI size targeting a reduction of 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Option 2: aligned with Rel-15 fallback DCI
· Option 3: configurable DCI size with the limitation as below  
· Minimum DCI size should target 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Maximum size should be equal to the DCI format size of Rel-15 fallback DCI
· Option 4: DCI with configurable sizes for some fields, while
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Option 5: no introduction of new DCI format due to this SI
Note: The DCI format may be impacted by other objectives in this study item and/or the following work item, e.g. PDCCH repetition mechanism and/or UCI enhancement, or may be impacted by objectives in other study item and/or work item, e.g. multi-TRP transmission from Rel-16 work item

Conclusion on PDCCH repetition
· PDCCH repetition is not considered further in this study item




RAN1 #96 meeting  
	
Agreements:
Support increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to the following restrictions:
· Explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and
· The set of applicable SCS(s) to be finalized during the WI phase
· Additional restrictions (e.g., impact # of CCs if any, potential limitations on PDSCH/PUSCH processing, impact of wideband RS for CCE counting if any, etc.) can be considered during the WI phase 

Agreements:
· Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC can be further considered in work item phase.
Agreements:
For the DCI format(s) (may or may not be new format, to be finalized in the WI phase) scheduling Rel-16 NR URLLC, 
· Support configurable sizes for some fields, while  
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Support at least one of the following configurable fields – the set of configurable field(s) including bitwidths to be finalized during the WI phase (which may further depend on DL vs. UL assignments)
· Antenna port(s) [0~2 bits]
· Transmission configuration indication [0~3 bits]
· Rate matching indicator [0~2 bits]
· SRS request [0~3 bits] 
· PRB bundling size indicator [0~1 bit]
· Carrier indicator [0~3 bits]
· CSI request [0~3 bit]
· ZP CSI-RS triggering [0~2 bits] 
· Beta offset indicator [0~2 bits]
· SRS resource indicator [0~4 bits]
· Repetition factor [0~2 bits]
· Priority indication [0~3 bits]
· Note: Other field(s) can be considered if needed 
· Note: This doesn’t imply the necessity to increase the DCI size budget (i.e. “3 +1”) compared to Rel-15



RAN1 #96bis meeting

	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 meeting

	Agreement:
· 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

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  
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