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Introduction
In RANP #83, a new work item on physical layer enhancements for NR URLLC is approved [1]. One of the objectives of this work item is to enhance the PDCCH design for URLLC as follows:
· 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.

Regarding the abovementioned enhancements, during the SI phase, RAN1 reached the following agreements in meeting AH1901 and 96:
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 
· 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.  




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 bitwidth 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

Further, in RAN1 #96b, the following agreements were made:
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 

Finally, in RAN1 #97, the following agreements were made:
Agreements:
· Support configurable TDRA table as in Rel-15 DCI format 1_1 (i.e. 0, 1, 2, 3 or 4 bits for time domain resource assignment) for the DL DCI format scheduling Rel-16 URLLC

Agreements:
· Support at least resource allocation type 1 for frequency domain resource assignment for the DCI format scheduling Rel-16 DL URLLC with one of the following modifications compared to Rel-15: 
· Option 1: a single configurable scheduling granularity applicable for both the starting point and length indication
· Alt.1: The scheduling granularity reuses the RBG sizes for RA 0 and can be configured between configuration 1 and 2 as in Rel-15
· Alt. 2: A new RRC parameter to configure the scheduling granularity  
· Option 2: Separate configurable starting point granularity and length indication granularity 

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:
[image: ]
· FFS the value of C
· Companies are encouraged to report the potential aspects that have impact on the value of C 
· 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  

In this paper, we share our views on the following aspects for improving PDCCH reliability and efficiency for URLLC:
· New DCI design for eURLLC including the possible size of information fields and the addition of the new fields.
· Details of URLLC PDCCH monitoring capability, limitaions and configurations 
New DCI for eURLLC Scheduling 
In this section, we share our view on the design of the DCI format for eURLLC scheduling.
eURLLC DL scheduling DCI
The following fields in the Rel-15 DL fallback DCI may either be resized or removed for DL eURLLC scheduling:
· Frequency domain resource allocation
In RAN1 #97, it was agreed that RA type 1 is used for URLLC scheduling in the downlink. However, how the granularity of the starting point and the length of the allocation should be defined is still an open issue. 
Currently, in Rel. 15 NR, the granularity of both the starting point and the length is the same and set to 1 RB. For Rel. 16, one option that was discussed is to reuse the RBG sizes adopted for RA type 0 in Rel. 15 under both configurations as stated in the table below:
Table 1: Nominal RBG size P
	Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16



Following the discussion above, we propose that:
Proposal 1: A single scheduling granularity is applicable for both the starting point and the length of PDSCH scheduling under resource allocation type 1. The granularity can be configurable and selected between configuration 1 or 2 as defined for resource allocation type 0 in Rel. 15 NR.
Further, for eURLLC scheduling, resource allocation Type 0 may not be needed. This is because, with the same RB bundle size, Type 1 allocation may consume less signaling overhead compared with  type 0 allocation. 
Proposal 2: For URLLC scheduling, resource allocation type 0 is not supported.
· Time domain resource allocation
For URLLC scheduling DCI, the time-domain PDSCH/PUSCH resource allocation field may be interpreted differently from that of the Rel-15 fallback DCI. Given the difference in the traffic type between URLLC and eMBB, it may be beneficial to configure a separate time-domain resource allocation table for eURLLC. In fact, considering the type-1 codebook design, and the possibility for a UE to support both URLLC and eMBB, this becomes essential.
Proposal 3: Configure a separate TDRA table for eMBB vs. URLLC scheduling for a UE that supports multiple services.
In Rel-15, the starting symbol of PDSCH transmission is determined with a reference to a slot. Thus, for a same PDSCH duration, different SLIVs will be needed to schedule PDSCHs that start at different symbols in the 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. A more effective approach is to change the reference point of the SLIV. For example, the starting symbol could be determined with reference to a sub-slot, instead of the a slot. The reference point of the starting symbol could also be associated with the PDCCH monitoring occasion (e.g., with respect to the starting symbol of the PDCCH monitoring occasion in which the DL grant is received).  
Proposal 4: Adopt a new SLIV reference point for scheduling URLLC in the downlink.
· HARQ process number 
Due to the stringent latency requirement, a TB for URLLC may need to be transmitted within a very short time. As a result, at a given time, the total number of HARQ processes required to transmit URLLC packets may be smaller compared with the eMBB operation. To this end, a subset of HARQ processes may be shared among URLLC and eMBB traffics. 
Proposal 5: The number of bits used to indicate the HARQ process number should be configurable. 
· VRB-to-PRB mapping
The presence of the VRB-to-PRB mapping field can be made configurable by RRC in the DL eURLLC DCI. 
Proposal 6: The size of the VRB-to-PRB mapping field is configurable and can be ser to 0 or 1 bit in the DCI scheduling URLLC PDSCH.
· BWP switching
The bitwidth of this field can be kept configurable between 0/1/2 bits as in Rel. 15 NR.

Proposal 7: The size of the BWP indicator is configurable between 0 or 1 or 2 bits. 

The following fields in the fallback DCI may also be redesigned. However, these fields may be impacted by the design of other functionalities/features that is under discussion for Rel-16 eURLLC. Therefore, it is reasonable to leave the design of these fields open for the moment, and revisit them after the design of the corresponding features is finalized. 
· HARQ timing indicator
· PUCCH resource index
· Downlink Assignment Index

Proposal 8: RAN1 should discuss the bitwidth of the following fields when more progress in their corresponding agendas is made: HARQ timing indicator, PUCCH resource index and downlink assignment index.
The following fields could be reused in the Rel-16 eURLLC DL DCI without change from the Rel-15 DL fallback DCI:
· Modulation and coding scheme (MCS)
· Redundancy version (RV) 
· TPC command for PUCCH

Proposal 9: The bitwidth of the following fields should remain the same as in Rel. 15 NR: MCS (5 bits), RV (2bits) and TPC command for PUCCH (2bits)
Besides the fields that are present in the Rel-15 fallback DCI, the following fields may be added to the eURLLC DL scheduling DCI to ensure scheduling flexibility or to enable enhanced functionalities. 
· Carrier indicator
To optimize the URLLC system capacity, it is essential to make sure URLLC UL and DL can be transmitted at any time. However, for TDD, this may be fundamentally infeasible due to the half-duplex nature. To allow for scheduling data at any time without delay, supporting carrier aggregation for URLLC is of critical importance. Especially, for control channel, it is highly desirable to be able to schedule data on TDD/FDD band from FDD based control channels such that URLLC transmission may be dynamically FDM’ed to reduce latency. To enable cross-carrier scheduling, the carrier indicator field (CIF) is needed in the compact DCI. 

Previously, it was agreed to allow the size of CIF be configurable between 0 and X bits. For DCI format 0_1 and 1_1, the bit-width for CIF is 3 bits. However, 3 bits may be too large an overhead for the Rel-16 eURLLC DCI. To strike a good tradeoff between control scheduling granularity and control overhead, it is preferable to reduce the bit-width of CIF in the compact DCI to 1 or 2 bits, and to leave it configurable by the gNB.  

Proposal 10: The bidwidth of the CIF in DL URLLC scheduling DCI is configurable can be set to any value in the range of 0 to 1/2 bits. 

· Antenna port indicator
For applications such as AR/VR, the downlink traffic may be quite heavy. To increase the throughput, it is desirable to enable MIMO transmission and reception, and to allow the base station to schedule MU-MIMO communication. To enable this feature, the eURLLC DL DCI needs to contain an antenna port field, which indicates the DMRS ports as well as the number of layers for transmission. The bitwidth of the antenna port indicator field in the eURLLC DL DCI may be separately configured from that of the DCI format 1_1. In addition, we may restrict the maximum number of DL layers to be 4. In this case, only 1 TB is scheduled in each DL grant.  

Proposal 11: For DL URLLC scheduling, only 1 TB per DCI is allowed. The bitwidth of the Antenna port indicator can be configured separately from that of the eMBB DL DCI format, and selected from 4/5/6 bits according to Tables 7.3.1.2.2-1/2/3/4 of 38.212.

Further, to allow for non-orthogonal DL MU-MIMO, the DMRS sequence initialization should be included in the URLLC scheduling DCI. 

Proposal 12: A 1-bit field for DMRS sequence initialization should be included in the URLLC scheduling DCI.

· SRS request 
Accurate channel state information at the transmitter and receiver is of vital importance to eURLLC scheduling and transmission. Therefore, it is beneficial to allow the eURLLC DCI to trigger A-SRS transmission from the UE. Considering that supplementary uplink is not needed for URLLC operation, 2 bits, similar to Rel. 15, is sufficient.

Proposal 13: For DL URLLC scheduling DCI, a 2-bit information field for aperiodic SRS triggering is supported.

· TCI state indicator 
The TCI state indicator may be needed for URLLC operation in the multi-TRP scenario. Hence, we propose that:
Proposal 14: TCI bit field is included in the URLLC DCI scheduling PDSCH, and its size can be configured to be 0 or 3 bits. The size is configured separately from the eMBB DCI format.
· Physical-layer priority indicator
For UEs that support services with different requirements, physical layer differentiation is needed to let the UE be aware of the priority level of each of the physical layer channels. As explained later in this paper, supporting different DCI size for eMBB and URLLC (while allowing for relaxing the DCI size budget) is more desirable. If DCI size is considered as a priority indicator, then the bit field in the DCI is not needed. 

eURLLC UL scheduling DCI
The following fields can be designed in the same way as in the eURLLC DL DCI: 
· Frequency domain resource allocation
· Carrier indicator 
· HARQ process number
· Modulation and coding scheme (MCS)
· UL/DL identifier for DCI format
· New data indicator (NDI)
· Redundancy version (RV) 
· SRS request
· DMRS sequence initialization 
· BWP indicator

Proposal 15: The following fields should be included in the DCI scheduling UL URLLC with the same bitwidths considered for DCI scheduling DL URLLC: FDRA, CIF, HARQ process number, MCS, UL/DL identifier for DCI format, NDI, RV, SRS request, DRMS sequence initialization and BWP indicator.
The following field in the Rel-15 UL fallback DCI may be redesigned for UL eURLLC scheduling:
· Time domain resource allocation and frequency hopping indicator
It is reasonable to leave this field configurable by the gNB. However, the detailed design of the TDRA field in the eURLLC DCI may depend on the outcome of the PUSCH enhancement that is currently under discussion in RAN1. Similalry, the bitwidth for frequency hopping indicator can be specified after the PUSCH enhancements for UL URLLC are progressed more.
Proposal 16: RAN1 should discuss the bitwidth of TDRA and frequency hopping indicator for a DCI scheduling UL URLLC after PUSCH enhancement discussions are progressed more. 
The same as DCI format 0_1, the SRS resource indicator should be included in the DCI scheduling UL URLLC for both codebook as well as non-codebook based transmissions.
Proposal 17: SRS resource indicator field is included in the UL URLLC scheduling DCI for both codebook based and non-codebook based transmissions.
Similar to DL, supporting only one TB per PUSCH is sufficient for URLLC applications. Hence, we propose that:
Proposal 18: Only 1 TB per PUSCH for UL URLLC is considered. 
In addition, we may add the following fields in the Rel-16 eURLLC UL DCI to enable enhanced functionality. 
· Precoding Information and Number of Layers field and Antenna Ports Field 
For codebook-based uplink transmission, in order to support MIMO communication or to harvest the beamforming gain, it is necessary to indicate the UE the best precoding matrix for transmission. To this end, the SRI, TPMI, and antenna port indicator fields need to be included in the new DCI format for the uplink. However, the bitwidth of these fields may be different from those in the Rel-15 DCI format 0-1. For example, the maximum number of uplink MIMO layers may be configured separately from that of the eMBB transmission.   
Proposal 19: Precoding information and number of layers field  and Anenna port field should be included in the DCI scheduling codebook-based PUSCH for URLLC. The bitwidth can be decided after the maximum number of layers is agreed.
· Waveform indicator
For uplink URLLC transmission, it is beneficial to allow the UE to dynamically switch the waveform between CP-OFDM  and DFT-s-OFDM. Semi-static waveform configuration might be too slow for URLLC.

Proposal 20: For UL URLLC scheduling, introduce a 1-bit waveform indicator field to dynamically switch between the CP-OFDM and DFT-s-OFDM waveforms. 

· CSI request
To get the most up-to-date CSI for eURLLC scheduling, it may be beneficial to allow the eURLLC DCI to trigger A-CSI reporting on the eURLLC PUSCH. The bitwidth of this field may be separately configurable by the gNB from that of the DCI format 0-1. 

Proposal 21: CSI request field with a configurable size, independent of the size of CSI request in the eMBB DCI format, is included in the URLLC UL DCI.

· Beta offset 
For eURLLC UL transmission, HARQ-ACK piggyback on PUSCH may be needed in case the HARQ-ack reporting on PUCCH collide with the PUSCH transmission. In this case, allowing the gNB to dynamically indicate the beta offset value may be beneficial to guarantee the reliability. Hence, we propose that:

Proposal 22: Include a beta offset information field in the URLLC scheduling UL DCI. Similar to Rel. 15 DCI format 0-1, the bidwidth of this field is configurable and can be chosen to be 0 or 2 bits. The beta offset values should be configured separately for eMBB and URLLC scheduling. 

· DAI
To enable HARQ-ACK piggyback on eURLLC PUSCH, while ensuring the reliability of both the HARQ-ACK and the UL-SCH transmission, it is critical for the UE and gNB to agree on the codebook size for the HARQ-ACK. To this end, the UL DAI field needs to be included in the UL eURLLC scheduling DCI. Similar to DCI format 0-1, the bitwidth of this field can be configured to be 1 or 2 depending on the HARQ codebook type configured for the high priority HARQ-ACK codebook.

Proposal 23: DAI field is included in the UL DCI scheduling URLLC. The size of the field is configurable and can be set to 1 or 2 bits depending on the type configured for the high priority HARQ-ACK codebook.

· UL-SCH indicator
To trigger A-CSI report on PUSCH, a 1-bit UL-SCH indicator should be included in the UL DCI scheduling URLLC.

Proposal 24: A 1-bit UL-SCH indicator is included in the UL DCI scheduling URLLC.

Given the different performance requirements of eMBB and URLLC, it is reasonable to define a new DCI format for URLLC scheduling. The information fields of these DCI formats are separately configured as compared to DCI formats 0-0, 0-1, 1-0 or 1-1.
Proposal 25: Support a new DCI format for scheduling Rel. 16 URLLC monitored in UE-specific search space. For supporting services with different requirements, the UE can be configured to monitor the DCI formats 0-0/0-1/1-0/1-1 as well as the new DL/UL DCI format for URLLC scheduling. 
Besides the justification given above for introducing a different DCI format for scheduling URLLC, in the next section, we explain how this approach could enable increasing the number of BDs per slot as compared to Rel. 15, while keeping the UE complexity manageable. The core of the idea is that the UE should be able to know whether a blind deocoding is performed for finding a high priority grant or a low priority grant. 
Enhancing the PDCCH Monitoring Capability
As proposed in [2], for handling the out-of-order scheduling, a UE can signal its capability for supporting high and low priority channels on different number of carriers. The same approach can be used to enhance PDCCH monitoring capability, and as will become apprarent in the remainder of this section, it would allow for increasing the number of CCEs and also BDs per slot, relaxing the DCI size budget per slot, solving the issue of non-uniform number of CCEs/BDs per span due to CSS, removing the need for CCE/BD overbooking and solving the issue of dealing with “empty” spans for URLLC scheduling. 
CA Framework for URLLC PDCCH Monitoring Capability
For designing advanced PDCCH monitoring capability, the user can signal the number of carriers where the advanced PDCCH, which is used for URLLC scheduling, can be supported on a per band of band combination basis. At the same time, the UE can signal the number of carriers that can be used for configuring any of the PDCCH monitoring cases of Rel. 15, Case 1-1, 1-2 or 2, for eMBB scheduling. Then, the gNB can configure the UE that supports multiple services accordingly. This approach enables the UE to reuse its CA baseband capability to handle more workload on a given carrier. For example, if a UE is a 2CC capable, it can be configured with both the advanced PDCCH monitoring for URLLC and any of the Case1-1, 1-2 or 2 for eMBB. Since the the UE is using its CA/baseband capability, it can process both URLLC and eMBB PDCCHs as long as they are differentiable. More importantly, this approach allows for increasing the number of CCEs per slot, increasing the number of BDs per slot, relaxing the DCI size budget (i.e., 3+1+1, where one DCI size can be added for URLLC scheduling) and increasing the number of CORESETs. 
Observation 1: Adopting the CA framework for signaling the URLLC vs. eMBB PDCCH monitoring capability allows for increasing the number of BDs per slot, increasing the number of CCEs per slot, relaxing the DCI size budget per slot and increasing the maximum number of CORESETs that can be configured for a UE. 
In RAN1 #97, one other issue related to configuring the PDCCH monitoring occasions for URLLC was brought up: 
“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 ”
We should first highlight that when the UE signals a certain capability for the number of CCEs per span, that capability remains the same in all spans. The UE cannot handle a larger workload in some occasions and smaller in some other occasions. Hence, introducing the non-uniform limit per spans is not practical. However, the issue that is raised above is a valid one, and can be handled easily by adopting the CA framework and by configuring PDCCH monitoring occasions separately for eMBB and URLLC.  That way, the eMBB configuration could be the same as Rel. 15 with its own per slot limit, and at the same time, the URLLC configuration could be based on the new PDCCH monitoring capability with a per span limit. Since the two are independent, the issue of non-uniform per-span limit does not exist.
Observation 2: Under the CA framework, the limit on the number of non-overlapping CCEs per span is the same across all spans of a slot. Since eMBB and URLLC have different PDCCH configuration, the CCEs for eMBB scheduling under any of the Rel. 15 PDCCH monitoring capabilities and the CCEs for URLLC scheduling under the Rel. 16 PDCCH monitoring capability are counted separately. 
The PDCCH for URLLC and eMBB can be made differentiable in two different ways: (1) They are differentiable before decoding the DCI, and (2) They are differentiable only after decoding the DCI. The first approach can be adopted by either considering different DCI sizes for URLLC and eMBB scheduling or by considering different CORESETs for URLLC and eMBB. As mentioned earlier, neither of the two approaches imposes additional constraints on the scheduler flexibility since under the CA framework, the DCI size budget and the number of CORESETs can be increased as compared to Rel. 15 NR. The importance of adopting the differentiated framework can be seen by examining the impacts of the non-differentiated framework on UE’s processing timeline. It should be first noted that under scheme (2), i.e., non-differentiated framework, the DCI format/size for eMBB and URLLC is the same. Further, they share the same CORESET(s) configurations. Second, since the same CORESET and DCI size, the notion of search space sharing becomes relevant. Search space sharing is specified as follows:  
“A UE that 
-	is configured for operation with carrier aggregation, and 
-	indicates support of search space sharing through searchSpaceSharingCA-UL or through searchSpaceSharingCA-DL, and 



-	has a PDCCH candidate with CCE aggregation level  in CORESET  for a DCI format 0_1 or a DCI format 1_1 having a first size and associated with serving cell , 



can receive a corresponding PDCCH through a PDCCH candidate with CCE aggregation level  in CORESET  for a DCI format 0_1 or a DCI format 1_1, respectively, having a second size and associated with serving cell  if the first size and the second size are same.” 
This means that the UE has to check all the PDCCH candidates in both carrier X and Y search spaces to detect a DCI that might be for scheduling carrier X or carrier Y. 
Now, in the context of URLLC and eMBB scheduling, let us assume that the number of BDs is increased by 2x per slot for SCS = 30KHz, i.e., the UE has to perform 72 BDs for both URLLC and eMBB. Assuming the same CORESET and the same DCI size are used, the following events, as shown in the figure, may happen: 


Figure 2: An illustration of eMBB and PDCCH blind decoding under the non-differentiated framework.
Since the UE does not know which BDs might lead to detecting a URLLC grant, it cannot prioritize them. Instead, the UE will start decoding the candidates in some order. Hence, it may happen that the URLLC DCI is detected by decoding the last candidate or even worse, it may happen that both grants are detected over the last two candidates. The issue with these events can be explained through the following example. Consider a UE with a 2CC capability. If this UE now advertises its capability for supporting a larger number of BDs on one carrier, its data processing power on that one carrier is not exactly 2x of a per carrier power. This is because that some processing units are still shared across different carriers. Let us assume that on one carrier, the UE’s processing power is 1.9x of a single carrier processing power. The UE now needs to compensate for the 0.1x deficiency. The way to do this is by allowing the UE to prioritize some BDs over some others such that the processing of the data channel can start earlier. It should be noted that the same issues can arise when URLLC and eMBB need to follow different processing time capabilities without increasing the number of BDs. By adopting (1), prioritizing the BDs becomes possible, and the issue raised above will easily be addressed. 
Observation 3: Using a bit field in the DCI or using an RNTI to differentiate between eMBB and URLLC potentially allows for search space sharing, thereby negatively impacting the UE’s processing timeline. 
Cosndering the discussions in this section, we propose that:
Proposal 26: The PDCCH monitoring capability of a UE can be signaled separately for eMBB and URLLC scheduling. The UE can report on how many cells it can support the new PDCCH monitoring capability for URLLC scheduling.
Proposal 27: To allow for increasing the number of BDs per slot and/or configuring different minimum processing timing for eMBB and URLLC, different DCI formats without size alignment should be used for scheduling eMBB and URLLC.
In addition, in order to balance the UE complexity, the pdcch-BlindDetectionCA can be reported by the UE separately for eMBB and URLLC scheduling. Given the per-slot per-CC BD limit, this means that the UE indicates the total number of BDs that case be used across all carriers for eMBB and URLLC scheduling separately. The capabilities can be reported such that the sum of the minimum values is not larger than 4. 
Proposal 28: The BD limits per-slot per-carrier are defined separately for eMBB and URLLC scheduling. The BD limit for eMBB scheduling is based on the Rel. 15 NR specification.
Proposal 29: The aggregated number of BDs per-slot per-CC for eMBB and URLLC scheduling should not be more than 2x of the per-slot per-CC limit of Rel. 15 NR specification. 
Proposal 30: The PDCCH BD capability of a UE, i.e., pdcch-BlindDetectionCA, is reported separately for eMBB and URLLC scheduling. When the UE reports the PDCCH BD capability for the CA mode for both URLLC and eMBB, the sum of the minimum values could be 4.
In addition, the same as the limit on the number of CCEs agreed for Rel. 16, the number of BDs per span should be limited.
Proposal 31: For URLLC scheduling, the number of BDs per span is limited. The BD limit can be defined separately for each SCS. 
Next important question to answer is that whether CCE/BD overbooking is required for URLLC schdueling? To answer this question, we should first consider the following two aspects: (1) the CCE/BD limits for URLLC scheduling should be separately defined for URLLC scheduling as proposed in this section, and (2) in Rel. 15 NR, overbooking is only performed on the Pcell, and not allowed on the Scells; this is because the UE only monitors CSS on the Pcell. Considering (1)-(2) and the fact that URLLC DCI is only needed to be monitored in the UESS, similar to the rationale used in Rel. 15 NR for overbooking on the Scells, there is no need for CCE/BD overbooking and dropping for URLLC.
Proposal 32: The CCE/BD overbooking is only performed for eMBB scheduling and on the Pcell. For URLLC scheduling, overbooking is not needed either on the PCell or any of the SCells. 
Next, we discuss which combinations of (X,Y) should be introduced for the new PDCCH monitoring capability. In Rel. 15, for case 2 monitoring capability the following pairs are allowed: (7,3), (4,3) and (2,2). For URLLC, the following candidate pairs were discussed in the past meetings:
	
	X
	Y
	M

	
	
	
	=0
	=1
	=2
	=3

	Case 2
	2
	1
	
	
	
	

	Case 3
	2
	2
	
	
	
	

	Case 4
	4
	1
	
	
	
	

	Case 5
	4
	2
	
	
	
	

	Case 6
	4
	3
	
	
	
	

	Case 7
	7
	1
	
	
	
	

	Case 8
	7
	2
	
	
	
	

	Case 9
	7
	3
	
	
	
	

	Note: 
· Other cases are not precluded
· The table here doesn’t mean all the combinations above are valid
· 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 



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). An illustration of span configuration based on the (X,Y) pairs in the table above as given in Figure 2.


Figure 3: An example of span configuration under different (X,Y) pairs.
Hence, we propose that:
Proposal 11: Under the new PDCCH monitoring capability for scheduling URLLC, only the following (X,Y) pairs are introduced: (2,2), (4,3) and (7,3).
Another open item is the number of CCEs, and potentially the number of BDs, per span under different (X,Y) pairs. To define the limits, some more progress on the URLLC PDCCH design is needed. Hence, we propose that RAN1 defers this decision until the design of the URLLC PDCCH is more mature. In general, under the CA framework, the total number of CCEs and BDs per slot can be increased by up to a factor of 2. 
Proposal 12: The limit on the number of CCEs/BDs per span can be decided once RAN1 concluded other aspects of the PDCCH design. 
Conclusion
In this contribution, we have shared our view on the design of DCI format and enhanced PDCCH monitoring for eURLLC in Rel-16. To this end, we have made the following proposals.
Proposal 1: A single scheduling granularity is applicable for both the starting point and the length of PDSCH scheduling under resource allocation type 1. The granularity can be configurable and selected between configuration 1 or 2 as defined for resource allocation type 0 in Rel. 15 NR.
Proposal 2: For URLLC scheduling, resource allocation type 0 is not supported.
Proposal 3: Configure a separate TDRA table for eMBB vs. URLLC scheduling for a UE that supports multiple services.
Proposal 4: Adopt a new SLIV reference point for scheduling URLLC in the downlink.
Proposal 5: The number of bits used to indicate the HARQ process number should be configurable. 
Proposal 6: The size of the VRB-to-PRB mapping field is configurable and can be ser to 0 or 1 bit in the DCI scheduling URLLC PDSCH.
Proposal 7: The size of the BWP indicator is configurable between 0 or 1 or 2 bits. 
Proposal 8: RAN1 should discuss the bitwidth of the following fields when more progress in their corresponding agendas is made: HARQ timing indicator, PUCCH resource index and downlink assignment index.
Proposal 9: The bitwidth of the following fields should remain the same as in Rel. 15 NR: MCS (5 bits), RV (2bits) and TPC command for PUCCH (2bits)
Proposal 10: The bidwidth of the CIF in DL URLLC scheduling DCI is configurable can be set to any value in the range of 0 to 1/2 bits. 
Proposal 11: For DL URLLC scheduling, only 1 TB per DCI is allowed. The bitwidth of the Antenna port indicator can be configured separately from that of the eMBB DL DCI format, and selected from 4/5/6 bits according to Tables 7.3.1.2.2-1/2/3/4 of 38.212.
Proposal 12: A 1-bit field for DMRS sequence initialization should be included in the URLLC scheduling DCI.
Proposal 13: For DL URLLC scheduling DCI, a 2-bit information field for aperiodic SRS triggering is supported.
Proposal 14: TCI bit field is included in the URLLC DCI scheduling PDSCH, and its size can be configured to be 0 or 3 bits. The size is configured separately from the eMBB DCI format.
Proposal 15: The following fields should be included in the DCI scheduling UL URLLC with the same bitwidths considered for DCI scheduling DL URLLC: FDRA, CIF, HARQ process number, MCS, UL/DL identifier for DCI format, NDI, RV, SRS request, DRMS sequence initialization and BWP indicator.
Proposal 16: RAN1 should discuss the bitwidth of TDRA and frequency hopping indicator for a DCI scheduling UL URLLC after PUSCH enhancement discussions are progressed more. 
Proposal 17: SRS resource indicator field is included in the UL URLLC scheduling DCI for both codebook based and non-codebook based transmissions.
Proposal 18: Only 1 TB per PUSCH for UL URLLC is considered. 
Proposal 19: Precoding information and number of layers field  and Anenna port field should be included in the DCI scheduling codebook-based PUSCH for URLLC. The bitwidth can be decided after the maximum number of layers is agreed.
Proposal 20: For UL URLLC scheduling, introduce a 1-bit waveform indicator field to dynamically switch between the CP-OFDM and DFT-s-OFDM waveforms. 
Proposal 21: CSI request field with a configurable size, independent of the size of CSI request in the eMBB DCI format, is included in the URLLC UL DCI.
Proposal 22: Include a beta offset information field in the URLLC scheduling UL DCI. Similar to Rel. 15 DCI format 0-1, the bidwidth of this field is configurable and can be chosen to be 0 or 2 bits. The beta offset values should be configured separately for eMBB and URLLC scheduling. 
Proposal 23: DAI field is included in the UL DCI scheduling URLLC. The size of the field is configurable and can be set to 1 or 2 bits depending on the type configured for the high priority HARQ-ACK codebook.
Proposal 24: A 1-bit UL-SCH indicator is included in the UL DCI scheduling URLLC.
Proposal 25: Support a new DCI format for scheduling Rel. 16 URLLC monitored in UE-specific search space. For supporting services with different requirements, the UE can be configured to monitor the DCI formats 0-0/0-1/1-0/1-1 as well as the new DL/UL DCI format for URLLC scheduling. 
Proposal 26: The PDCCH monitoring capability of a UE can be signaled separately for eMBB and URLLC scheduling. The UE can report on how many cells it can support the new PDCCH monitoring capability for URLLC scheduling.
Proposal 27: To allow for increasing the number of BDs per slot and/or configuring different minimum processing timing for eMBB and URLLC, different DCI formats without size alignment should be used for scheduling eMBB and URLLC.
Proposal 28: The BD limits per-slot per-carrier are defined separately for eMBB and URLLC scheduling. The BD limit for eMBB scheduling is based on the Rel. 15 NR specification.
Proposal 29: The aggregated number of BDs per-slot per-CC for eMBB and URLLC scheduling should not be more than 2x of the per-slot per-CC limit of Rel. 15 NR specification. 
Proposal 30: The PDCCH BD capability of a UE, i.e., pdcch-BlindDetectionCA, is reported separately for eMBB and URLLC scheduling. When the UE reports the PDCCH BD capability for the CA mode for both URLLC and eMBB, the sum of the minimum values could be 4.
Proposal 31: For URLLC scheduling, the number of BDs per span is limited. The BD limit can be defined separately for each SCS. 
Proposal 32: The CCE/BD overbooking is only performed for eMBB scheduling and on the Pcell. For URLLC scheduling, overbooking is not needed either on the PCell or any of the SCells. 
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