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Introduction
[bookmark: OLE_LINK11]According to the new WID on physical layer enhancements for NR URLLC [1], specification of PDCCH enhancements are focusing on the two aspects below. 
	· DCI format(s) with configurable sizes for some fields, with a minimum DCI size targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 and a maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0, and provide the possibility to align with the size of the DCI format 0_0/1_0 (including possible zero padding if any) 
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for at least one SCS subject to restrictions including, but not necessary limited to, those identified in TR 38.824. Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) can be further considered.


In this contribution, we mainly provide our views on the potential fields with size reduction, the potential configurable fields, and PDCCH monitoring capability. 
DCI formats for URLLC
Some potential fields with size reduction and potential configurable fields are discussed in section 2.1 and section 2.2 respectively, and some new fields for URLLC are discussed in section 2.3. The configurable fields which were agreed in RAN1 #96BIS meeting [2] are not included in section 2.2.
	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)
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 
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)
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 



1.1 Potential fields with size reduction relative to Rel-15 fallback DCI
Payload size reduction of 10~16 bits are relative to fallback DCI (DCI format 0_0/1_0). The fields of UL grant and DL assignment are listed in Table 1. Considering size alignment, at most 14 bits size reduction can be achieved for URLLC DCI compared with Rel-15 fallback DCI. 
Table 1. Compact DCI for UL grant and DL assignment (BWP=100PRB)
	Field for UL grant
	Bits
	Field for DL assignment
	Bits

	
	URLLC 
	Format 0_0
	
	URLLC
	Format 1_0

	Header/Identifier for DCI format
	1
	1
	Header/Identifier for DCI format
	1
	1

	Frequency domain resource assignment
	10
	13
	Frequency  domain resource assignment
	10
	13

	Time domain resource assignment
	[0-4]
	4
	Time domain resource assignment
	[0-4]
	4

	Frequency hopping flag
	1
	1
	VRB-to-PRB mapping
	1
	1

	Modulation and coding scheme
	4
	5
	Modulation and coding scheme
	4
	5

	Redundancy version
	
	2
	Redundancy version
	
	2

	New data indicator
	1
	1
	New data indicator
	1
	1

	HARQ process number
	[2-4]
	4
	HARQ process number
	[2-4]
	4

	TPC for scheduled PUSCH
	2
	2
	TPC for scheduled PUCCH
	2
	2

	Padding bits, if required.
	[6-8]
	8
	Downlink assignment index
	2
	2

	UL/SUL indicator
	0
	0
	PUCCH resource indicator
	3
	3

	
	
	
	PDSCH-to-HARQ timing
	[1-3]
	3

	CRC
	24
	24
	CRC
	24
	24

	Total
	[51~59]
	65
	
	[51~59]
	65



Observation 1: At most 14 bits size reduction can be achieved for URLLC DCI compared with Rel-15 fallback DCI.
In the following, we provide more detailed analysis on each bit fields for size reduction. 
· Frequency domain resource assignment
The agreements on Frequency Domain Resource Allocation (FDRA) in the RAN1 #97 meeting are listed below [3].  The main difference between the two options is whether the scheduling granularity for the starting point and length indication must be same or not.
	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





For Option 1, if both starting point granularity and length indication granularity are increased to, the scheduling flexibility may be restricted too far. For instance, URLLC and eMBB cannot be multiplexed flexibly since the DL assignment/UL grant for URLLC is usually later than that for eMBB in the same slot. As shown in Figure 1,  = 8 PRBs are assumed for both starting point and length indication granularity. Some remaining PRBs left by the eMBB cannot be used by URLLC and are wasted. The problem can be solved by Option 2, i.e., only the length indication granularity is increased to  while the starting point granularity is one PRB. Then, more remaining PRBs can be allocated to URLLC by adjusting the starting point of resource allocation, as shown in Figure 2.  
[image: ]
Figure 1: The remaining resources cannot be allocated based on increased starting position granularity
[image: ]
Figure 2: The remaining resources can be allocated with PRB based starting position
Observation 2: If NR Rel-15 Type 1 resource allocation is reused for URLLC with increasing both the resource allocation granularity and the staring position granularity, it may lead to resource waste.


For further check, Option 1 with  = 4 PRB for both starting point granularity and length indication granularity and Option 2 with   = 4 PRB for length indication granularity combined with 1 PRB for starting point granularity are evaluated. R15 enabled use case is evaluated to check the ratio of discarded packets and the average number of UEs can be allocated. In our evaluation, the resource is occupied by eMBB first with one slot duration, then the traffic of URLLC UEs can be allocated on the unused PRBs in length of 5/4-OS with a pattern of {5,5,4} OS in one slot for URLLC traffic. The simulation results with the two Options are shown in Table 2 and the detailed simulation assumptions are summarized in the Table A-1 of Annex. From the simulation results, about 12% reduction on the ratio of discarded packets can be obtained and about 23% more URLLC UEs can be scheduled by Option 2 compared with Option 1.
Table 2. DL simulation results of the two Options (Note: RU for eMBB is 21.85%)
	Schemes of Frequency domain Resource Allocation
	Ratio of discarded Packets
	The average number of URLLC UEs can be allocated in one occasion

	Option 1: the starting point granularity and length indication granularity are both 4 PRBs
	47.42%
	5.2536

	Option 2: the starting point granularity is 1 PRB and length indication granularity is 4 PRBs
	35.29%
	6.4674


Observation 3: Option 2 with the starting point granularity of 1 PRB and length granularity of 4 PRBs can achieve about 12% reduction on the ratio of discarded packets and about 23% more scheduled URLLC UEs per transmission occasion compared to Option 1 with the same starting point granularity and length granularity of 4 PRBs.




The payload reduction of the two FDRA options is shown in Table 3. The payload reduction of Option1 varies from 2 to 8 bits depending on the size of BWP. The payload reduction of Option 2 ranges from 1 to 4 bits in case where the starting point granularity is 1 PRB and length indication granularity is . Furthermore, the starting point granularity can be larger than 1 PRB. The payload of half  based starting point granularity and  based length indication granularity are also listed in Table 3 and reduced size of FDRA can be from 1 to 7 bits. Note, the additional overhead of Option2 is  compared with Option 1, where [image: ]is the starting point granularity. This is a trade-off between payload reduction and scheduling flexibility. 
Table 3. Payload of two FDRA Options in different BWP sizes
	BWP size (PRB)
	25
	50
	75
	100
	275

	Payload of FDRA in Rel-15 type 1
	9
	11
	12
	13
	16

	
(using RBG size for example)
	2
	4
	8
	8
	16

	
Option 1 with the single granularity is 
	7
	7
	6
	7
	8

	
Option 2 with the starting point granularity is 1 PRB and length indication granularity is 
	8
	9
	9
	10
	12

	

Option 2 with the starting point granularity is half  and length indication granularity is  granularity
	8
	8
	7
	8
	9


Above all, more flexibility can be achieved by Option 2 with separately configured value of starting point granularity and length indication granularity. If payload size reduction is needed for reliability improvement, Option 2 can be configured to fall back to Option1. Otherwise, a more accurate starting point can be configured for a better balance between overhead and efficiency. Therefore, Option2 is preferred. 
Observation 4: Option 2 is more flexible and can achieve a better balance between overhead and efficiency. 
Proposal 1: Support Option 2, i.e. separate configurable starting point granularity and length indication granularity, for resource allocation type 1 for Rel-16 URLLC.
· Time domain resource assignment
The starting slot, mapping type, starting symbol and length are indicated by the bit field of Time Domain Resource Allocation (TDRA). Due to the low latency requirement of URLLC, the default value of K0 can be 0, value of K2 can be 0 or 1, and the default mapping type of PDSCH/PUSCH can be type B. That is only the SLIV of PDSCH/PUSCH is indicated by TDRA. Thus, the payload size of TDRA can be smaller. In other words, TDRA can be more flexible if the bit field size of time domain allocation is the same as that in Rel-15 non-fallback DCI. The bit field size of time domain allocation can be 0 to 4 bits.  
Another issue is whether the reference of SLIV is changed from slot boundary to PDCCH starting symbol. If there are many potential TDRA locations with short duration such as 2 or 4 OS, the TDRA bit field can be reduced by using PDCCH starting symbol as a SLIV reference due to reduction of entries of TDRA table with an appropriate configuration of PDCCH monitoring occasion. So, support of PDCCH starting symbol as a SLIV reference is beneficial for URLLC traffic in terms of PDCCH reliability. 
In case of a same TDRA table is shared for scheduling both eMBB and URLLC, whether SLIV reference is slot boundary or PDCCH starting symbol for each DCI should be determined. Considering PDSCH mapping type B with short duration is beneficial for URLLC traffic, PDSCH mapping type can be used to determine SLIV reference implicitly. That means SLIV reference is slot boundary in case of mapping type A, while SLIV reference is PDCCH starting symbol in case of mapping type B. While, in case of two separate TDRA tables are configured for eMBB and URLLC, SLIV reference is PDCCH starting symbol in case of URLLC scheduling, and SLIV reference is slot boundary in case of eMBB scheduling. Note the TDRA table for the new DCI format and the existing format can be configured independently. In addition, different default TDRA tables requiring less number of bits can be considered for URLLC DCI.
Proposal 2: Support PDCCH starting symbol as a SLIV reference for Rel-16 URLLC DCI. FFS how to determine the SLIV reference is slot boundary or PDCCH starting symbol for each DCI.
· Modulation and coding scheme and Redundancy version 
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, lower code rates are usually used in URLLC scenario. Thus the number of RVs can be limited to certain code rates. According to [4], payload reduction of DCI is up to 3 bits when MCS&RV joint coding is introduced and an example of 4 bits MCS&RV is shown in Table 4.
Table 4. 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
	



· HARQ process number
URLLC mainly focuses on ultra-reliability and low latency. Usually, URLLC needs shorter HARQ round trip time than eMBB and high data rate is not essential for URLLC. Thus, the number of HARQ processes can be reduced, such as to 2 bits, or can be a configurable number with 2 to 4 bits. 
· PDSCH-to-HARQ timing
Considering sub-slot is agreed in UCI agenda, fixed 3-bit indication or configurable size 1 to 3 bits based on sub-slot granularity is preferred. 
Proposal 3: Potential fields with size reduction include frequency domain resource assignment, time domain resource assignment, HARQ process number, modulation and coding scheme and redundancy version, PDSCH-to-HARQ timing.
1.2 Introduction of potential configurable fields from Rel-15 non-fallback DCI
In this section, we analyze the configurable fields identified in the SI stage that can be potentially introduced from Rel-15 non-fallback DCI to the DCI format(s) scheduling Rel-16 NR URLLC.
· Antenna port(s)[0~2 bits]
The size of Antenna port(s) field in DCI format 1_1 is 4, 5, or 6 bits depending on dmrs-Type=type1 or type2, and maxLength =1 or 2. Before introducing this field for URLLC, we should check whether two types of DMRS and two different length of DMRS are all needed for URLLC. For example, maxLength=1 seems enough since short duration is used for URLLC traffic to achieve latency requirement.   
If this field with configurable 0~2 bits is used for URLLC, then 1, 2 or 4 entries can be selected from Tables 7.3.1.2.2-1/2/3/4 in TS 38.212. The concrete entry selection may be depended on different requirements which may need lots of time to decide. For example, only row 0, 2, 9 and 10 of Table 7.3.1.2.2-1 are selected if SU MIMO transmission with max rank = 4 is needed for URLLC. If MU MIMO transmission is needed for URLLC, other entries may be more suitable. As a unified solution, using configurable entries for the antenna port(s) table for different requirements is preferred.
Similarly for Antenna port(s) field in DCI format 0_1, if dmrs-Type=type1 and maxLength=1 is enough for URLLC, 2 bits as defined by Tables 7.3.1.1.2-6 in TS 38.212 can be directly used. If other cases are also proved to be beneficial for URLLC, then 1, 2 or 4 entries can be selected from Tables 7.3.1.1.2-7~23 in TS 38.212, and configurable entries for the antenna port(s) table for different requirements is also preferred. 
Proposal 4: Before introducing the bit field of Antenna port(s), we should check whether two types of DMRS and two different length of DMRS are all needed for URLLC. Configurable entries for the antenna port(s) table with field size of [0-2 bits] is preferred.
· Transmission configuration indication(TCI)[0~3 bits]
TCI field is essential for PDSCH transmission. The size of TCI field is 3 or 0 bits depending on whether higher layer parameter tci-PresentInDCI is enabled or not. So it is already a configurable field and can be directly used for URLLC DCI. If we consider to use 1 or 2 bits for this field, 2 or 4 TCI states can be activated by MAC CE for DCI indication using the same Rel-15 signaling. 
In most of the URLLC cases, scheduling offset is smaller than the PDSCH beam switching threshold timeDurationForQCL since we don’t want to increase the scheduling latency.  In such cases, the indicated TCI is not used but the allocated DCI bits for TCI are still there when tci-PresentInDci is configured.  To reduce the DCI overhead, reusing/joint coding of ZP-CSI-RS trigger and TCI can be considered so that we can still make use of the joint-coding field to acquire ZP-CSI-RS trigger when small scheduling offset is used.  
In addition, this field also depends on the design of TCI indication for PDSCH repetition in multi-TRP cases.
· SRS request [0~3 bits]
This field is 2 or 3 bits in DCI format 0_1/1_1 depending on whether SUL is configured or not. Since aperiodic SRS is not always needed e.g., if only periodic/semi-persistent SRS is used, 0 bit can also be configured. So SRS request with configurable 0~3 bits can be used for URLLC DCI.
· CSI request [0~3 bit]
In DCI format 0_1, this field is already configurable and size of this field is 0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter reportTriggerSize. Since URLLC does not need to support so many carriers, we can consider less number of bits e.g. up to 3 bits.
· Beta offset indicator [0~2 bits]
This field is used for UCI multiplexing on PUSCH, and is already configurable with size of 0 or 2 bits, i.e. 0 bit if the higher layer parameter betaOffsets = semiStatic; otherwise 2 bits as defined by Table 9.3-3 in TS 38.213. It can be directly used for URLLC DCI. If further size reduction is considered, 1 bit for beta offset can be also considered. 
· SRS resource indicator [0~4 bits]
This field is used for codebook based and non-codebook based UL transmission. In DCI format 0_1, this field is already configurable and size of this field is 0, 1, 2, 3, or 4 bits determined by SRS resources configuration. It can be directly used for URLLC DCI.  
Proposal 5: The following fields from DCI format 0_1/1_1 with configurable size can be directly used for URLLC DCI, or with size reduction by configuring limited codepoints, or reusing/joint-coding of some of the related fields. 
· CSI request [0~3 bit]
· SRS resource indicator [0~4 bits]
· Transmission configuration indication [0~3 bits]
· SRS request [0~3 bits] 
· Beta offset indicator [0~2 bits]
1.3 Introduction of new fields for Rel-16 URLLC 
· Repetition factor [0~3 bits]
In Rel-15, slot aggregation factor is configured by higher layers. Considering both reliability and latency should be achieved for URLLC, the repetition factor should be dynamic for different types of traffic or packet sizes. This is also beneficial for improving system efficiency. Support of time-domain repetition within a slot and across slots have been agreed for URLLC in NR MIMO multi-TRP agenda but the details of signaling design is still being discussed. Considering that PUSCH repetition is being discussed in URLLC PUSCH enhancement section and PDSCH repetition is being discussed in MIMO enhancement section, this field can be further decided after the relative discussion.
· Priority indication [0~3 bits]
This field is used for UE to be aware of the priority level of each physical channel. This is being discussed in intra-UE multiplexing section and using physical layer signalling indication is one of the potential solutions. Some problems was found in our contribution [5], and an indication from higher layers can be used for all cases in our views. Details should be discussed and decided under intra-UE agenda.
· HARQ-ACK codebook indication [0~1bit]
In our companion contribution for UCI enhancement [6], we found that 1 bit HARQ-ACK codebook indication may be needed to differentiate the codebook constructed for different service types. Details should be discussed and decided under UCI enhancement agenda.
Proposal 6: Whether introducing the following bit fields should be further decided in the relative agendas.
· Repetition factor
· Priority indication
· HARQ-ACK codebook
PDCCH monitoring capability
Agreements on PDCCH monitoring capability in the RAN1 #97 meeting are listed below [3].
	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


1.4 Span definition
The definition of PDCCH span was clarified in UE feature discussion in the RAN1#96BIS meeting, where there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, and each span is of length up to Y consecutive OFDM symbols of a slot, and many limitations on span per slot are also defined. In our views, the definition of PDCCH monitoring span in Rel-15 could be reused in Rel-16 URLLC. In one contribution [7], different span pattern across slot is suggested to efficiently accommodate use cases with non-uniform and the variations of monitoring occasions(MO) across slots. But different MO across slots have already been supported by the span pattern definition in Rel-15, which says that “In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise.”  That means the span pattern is the same across all slots while the MO configuration could be different for different slots, which can accommodate different use cases. As a result, there may be empty span(s) for some of the slots but no need to change the definition of span. In another contribution [8], it is suggested that the definition of span separation/duration (X, Y) in FG-3-5b is reused for defining enhanced PDCCH monitoring capability in Rel-16, except for removing the following limitation: “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.”. As summarized in [9], this is more related to how to select the value of C if multiple combinations of (X, Y) are valid. Thus, modification on span definition for this reason is also not preferred. 
Proposal 7: The definition of PDCCH monitoring span in Rel-15 is reused in Rel-16 URLLC with no modification. 
1.5 Discussion on the combination of (X,Y)
In Rel-15, candidate values for (X, Y) are {(7, 3)} or {(4, 3) and (7, 3)} or { (2, 2) and (4, 3) and (7, 3)}. During the offline discussion, more combination values for (X,Y) were proposed, such as (1,1), (2,1), (4,1), (4,2), (7,1), (7,2). So we should first discuss if these additional combination values for (X,Y) are necessary or not.
· Comparisons between (2,1) and (2,2)
If one of the CORESET duration is larger than Y=1, introducing (2,1) is useless because the span pattern is the same for both (2,2) and (2,1). As shown in Figure 3, the largest CORESET duration is 2, then span duration equals 2 and the span pattern are same for both (2,2) and (2,1). 
If all of the CORESET duration are equal to Y=1, the span pattern could be different for (2,2) and (2,1). It can be found that span (2,2) provides more flexibility in terms of monitoring occasion(MO) allocation. Because span (2,1) can never support the case that two MOs both with 1 symbol duration are adjacent to each other. An example is shown in Figure 4, where the two MOs in the red box with a cross mark cannot be supported by span (2,1) but can be supported by span (2,2).  As a result, we prefer not introducing span (2,1). Furthermore, the same observation can be obtained when comparing (X,1), (X,2) with (X,3) in case of X = 4 or 7. 
[image: ]
Figure 3: An example of span pattern for (2,1) and (2,2) with the maximum CORESET duration larger than Y=1
[image: ]
[image: ]
Figure 4: An example of span pattern for (2,1) and (2,2) for the case that two MOs both with 1 symbol duration are adjacent to each other 
Proposal 8: Do not introduce the following new spans: (2,1), (4,1), (4,2), (7,1) and (7,2). 
· Introducing span (1,1) or not
As shown in Figure 5-7 with a different longest CORESET duration, the flexibility for MO configurations are the same for (1,1) and (2,2), although the span patterns may be different. Then, it is unnecessary to introduce (1,1)  because all MO patterns supported by (1,1) can also be supported by (2,2) and vice versa. 
[image: ]
Figure 5: An example of span pattern for (1,1) and (2,2) with the largest CORESET duration equals 1
[image: ]
Figure 6: An example of span pattern for (1,1) and (2,2) with the largest CORESET duration equals 2
[image: ]
Figure 7: An example of span pattern for (1,1) and (2,2) with the largest CORESET duration equals 3
Proposal 9: Do not introduce the new span (1,1).
1.6 The value of C for (X,Y,u)
For URLLC with strict low latency, multiple monitoring occasions within one slot is needed. To get the full benefits of PDSCH/PUSCH mapping type B with 2 OFDM symbol transmissions, it is necessary to configure PDCCH monitoring occasion of every 2 OFDM symbols. This means 7 PDCCH occasions are needed in one slot. Without any enhancement, there are up to 56 CCEs per slot for SCS = 15 KHz or 30 KHz as shown in Table 5. As a result there are only 8 CCEs for each occasion which means AL = 16 CCE cannot be used for satisfying the reliability of the UEs with low SINR. So the maximum number of non-overlapped CCEs should be increased compared with Rel-15.  
For the maximum number of blind decodes, there are up to 44 per slot for SCS = 15 KHz without any enhancement. Assuming there are 32 BDs for USS and 12 BDs for CSS (the same as LTE PDCCH), there are about 4 BDs for USS in each occasion. So the URLLC traffic scheduling is still workable with reduced BDs in each occasion. But the scheduling flexibility would be reduced and PDCCH blocking probability would be increased.
Table 5. The maximum number of BDs and CCEs per slot for Rel-15
	

	Max number of BDs
	Max number of non-overlapped CCEs

	0
	44 
	56 

	1
	36 
	56 

	2
	22 
	48 

	3
	20 
	32 


For LTE short TTI/URLLC, there are maximum 80 BDs and 138 CCEs per 1ms subframe. Similarly, the maximum number of BDs and CCEs per slot can be increased to twice of that in Rel-15 for NR URLLC in Rel-16.
Proposal 10: For NR URLLC in Rel-16, the maximum number of BDs/non-overlapped CCEs per slot can be increased to twice of that in Rel-15. 
Then, we can define the value of C for a certain (X,Y,u) by uniformly distributing the maximum non-overlapped CCEs per slot into each span. The number of spans used here is calculated by floor(14/X). The potential values of C are shown in Table 6 for SCS = 15 KHz as an example, and at least one candidate with aggregation level 16 can be supported for each span. 
Table 6. Potential values of C for (X,Y) for SCS = 15 KHz
	X
	Y
	C

	2
	2
	16

	4
	3
	36

	7
	3
	56


Proposal 11: Potential aspects for defining the C for each (X,Y,u) include:
· The value of C for (X,Y,u) can be obtained by uniformly distributing the maximum number of non-overlapped CCEs per slot into each span. The number of span for calculation is floor(14/X).
· At least one candidate of aggregation level 16 can be supported for each (X,Y,u).
1.7 The limit on the maximum number of CCE per span
Furthermore, span pattern does not only depend on (X,Y), but also depends on CORESET and search space configuration. If UE reports to support {(2, 2) and (4, 3) and (7, 3)} in UE capability, our understanding is that the limit on the maximum number of non-overlapped CCEs per span(named as Ck for span, k=0,1,...,K-1, K is the number of actual spans in the per-slot span pattern) is C for (2,2) only for the cases with dense MO configurations with span duration equal to 2, such as the MO configurations shown in Figure 3-7 or even denser configurations e.g. 7 spans in one slot. In other cases when per-slot span pattern is sparse e.g. only 3 or 2 spans with sufficient span separation in the span pattern, using the C for (4,3) or (7,3) as maximum number of non-overlapping CCE per span is reasonable since it is supposed that C for (2,2) will be smaller than that for (4,3) or (7,3). As shown in Figure 8, the maximum number of non-overlapped CCEs per span should be C for (7,3) rather than that for (2, 2). 
As a result, for a UE with capability {(2, 2) and (4, 3) and (7, 3)}, the limit on the maximum number of non-overlapped CCEs for each span in a slot can be determined as following:
	If the span pattern can be derived from multiple valid combinations of (X,Y), then the maximum C for the multiple valid combinations of (X,Y) is used.
else, C for the only one valid combination of (X,Y) is used.


A similar way can be also used for a UE with capability {(4, 3) and (7, 3)} or {(7, 3)}.
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Figure 8: An example of span pattern
In addition, if there is only one span, the maximum number of non-overlapped CCEs per slot is used.
Proposal 12: The limit on the maximum number of non-overlapping CCE for each span in a slot can be determined as following:
· If the span pattern can be derived from multiple valid combinations of (X,Y), then maximum C for the multiple valid combinations of (X,Y) is used,
· else, C for the only one valid combination of (X,Y) is used.
· note, if there is only one span, the maximum number of non-overlapped CCEs per slot is used.
1.8 The limit C per span is the same or different across different spans within a slot
There is an FFS that the limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same or different across different spans within a slot. 
In case a uniform distribution of Ck for each span within a slot, more candidates in the first span may be dropped than that in the other spans when overbooking. Because the candidates may be aggregated in the first three symbols if CSS and USS with PDCCH monitoring case 1-1 and case 2 are all configured. But this would ensure the maximum processing time for each span is the same which is beneficial for avoiding processing time overlapping between two adjacent spans. It is also applicable in case processing capacity for Rel-16 URLLC and processing capacity for Rel-15 NR can be shared, in which case the Ck can be larger than the value of the limit C determined in section 3.4. On the contrary, if a non-uniform distribution of non-overlapping CCEs for each span in a slot is introduced, it is beneficial for a UE supports both eMBB and URLLC if allowing a larger maximum number of non-overlapped CCEs for the first span than the rest. The processing time for a span may be determined based on the worst case with the first span having much more CCEs than the others in order to avoid processing time overlapping between two adjacent spans. As a result, a configurable Ck  can be considered in terms of flexibility for implementation. 
Also, LTE short TTI/URLLC can be taken for reference, where only the limit C of the first span is different from the rest of the spans within a slot. That is the limit C on the max CCE per span is same across the spans within a slot except the the first span and the value of the limit C can be determined in section 3.4, while the limit C on the max CCE for the first span can be determined by “R15 max CCE per slot + limit C on the max CCE per span for a non-first span”.
Considering a simpler implementation and not all the UEs have CCE-shared processing capacity, short TTI like mechanism is preferred. That is at least support the limit C on the maximum number of non-overlapping CCEs for channel estimation for the first PDCCH monitoring span can be different from the rest spans within a slot, and whether a more flexible way by introducing a configurable C for each span can be FFS. 
Proposal 13: At least support the case where the limit C on the maximum number of non-overlapping CCEs for channel estimation for the first PDCCH monitoring span can be different from the rest of the spans within a slot. FFS introducing a configurable C for each span.
1.9 The maximum number of CCE per span
As summarized in [9], the potential schemes for determining the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span are listed below.
	Proposal 3.1-2-1: Further study the following two alternatives for determining the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span: 
· Alt 1: 
· Determine the limit on the maximum number of non-overlapping CCEs for channel estimation per slot based on the limit per PDCCH monitoring span
· FFS details about relationship between limit per span and limit per slot
· The maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is equal to the limit per PDCCH monitoring span 
· Alt 2:
· Determine the limits on the maximum number of non-overlapping CCEs for channel estimation per slot
· Determine the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span as a function of the limits per slot and the number of monitoring spans in a slot, (i.e.  )
· FFS whether the number of monitoring spans in a slot is the number of non-empty ones 
· Other alternatives are not precluded  



Before choosing one of the alternatives, we need to first check whether the processing capacity in empty spans can be shared or reused for the non-empty spans within a slot.
If the answer is NO, the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is equal to the limit on the max CCE per PDCCH monitoring span. That means even for a span pattern with empty span(s), the maximum number of non-overlapping CCEs for channel estimation for any span is the same as the limit per PDCCH monitoring span, and processing capacity in empty spans is wasted. 
If the answer is YES, the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span can be larger than the limit per PDCCH monitoring span for reusing/sharing partial or all processing capacity of the empty span(s). This is more flexible and efficient for utilization on CCE processing capacity.

No matter the answer is YES or NO, there is no need to introduce the limit on the maximum number of CCE per slot. Firstly, the maximum CCE per slot has already been defined in Rel-15, and there is lack of motivation on the definition of the limit on the maximum number of CCE per slot. Secondly, it seems useless to introduce the limit value per slot. Because, if the answer is No, the maximum number of CCE per span is equal to the limit on the maximum number of CCE per span. So there is no use to introduce the limit value per slot in Alt.1. If the answer is Yes, the maximum number of CCE per span can be determined by , and determining the limit value per slot in Alt.2 is also useless.
In our views, the processing capacity in empty spans can be shared for the non-empty spans is like another CCE-shared processing capacity discussed in section 3.5. It is better not to support it for the same consideration. 
Proposal 14: The maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is equal to the limit per PDCCH monitoring span.
Proposal 15: Do not introduce the definition of the limit on the maximum number of non-overlapping CCEs for channel estimation per slot.
1.10 Dropping rules for Rel-16
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 dropped even assuming the maximum number of non-overlapped CCEs per slot is 112 in case of SCS=15KHz. 
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 16: 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.
If we also define the maximum number of non-overlapped CCEs per slot, how to solve the problem in case the remaining candidates are still overbooking in slot level after already dropping candidates per each span. In this case, a second round candidates dropping may be needed. Alternatively, in order to avoid the second round candidates dropping, gNB can configure Ck for each span and ensure the total of non-overlapped CCEs across all the spans in a slot is not larger than the maximum number of non-overlapped CCEs for a slot. And UE complexity can be reduced in this way.
Proposal 17: The maximum number of non-overlapped CCEs for each span can be configured by gNB and the total number of non-overlapped CCEs across all the spans in a slot should be no larger than the maximum number of non-overlapped CCEs for a slot. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: At most 14 bits size reduction can be achieved for URLLC DCI compared with Rel-15 fallback DCI.
Observation 2: If NR Rel-15 Type 1 resource allocation is reused for URLLC with increasing both the resource allocation granularity and the staring position granularity, it may lead to resource waste.
Observation 3: Option 2 with the starting point granularity of 1 PRB and length granularity of 4 PRBs can achieve about 12% reduction on the ratio of discarded packets and about 23% more scheduled URLLC UEs per transmission occasion compared to Option 1 with the same starting point granularity and length granularity of 4 PRBs.
Observation 4: Option 2 is more flexible and can achieve a better balance between overhead and efficiency.
Proposal 1: Support Option 2, i.e. separate configurable starting point granularity and length indication granularity, for resource allocation type 1 for Rel-16 URLLC.
Proposal 2: Support SLIV reference to PDCCH starting symbol for Rel-16 URLLC DCI. FFS how to determine the SLIV reference is slot boundary or PDCCH starting symbol for each DCI.
Proposal 3: Potential fields with size reduction include frequency domain resource assignment, time domain resource assignment, HARQ process number, modulation and coding scheme and redundancy version, PDSCH-to-HARQ timing.
Proposal 4: Before introducing the bit field of Antenna port(s), we should check whether two types of DMRS and two different length of DMRS are all needed for URLLC. Configurable entries for the antenna port(s) table with field size of [0-2 bits] is preferred.
Proposal 5: The following fields from DCI format 0_1/1_1 with configurable size can be directly used for URLLC DCI, or with size reduction by configuring limited codepoints, or reusing/joint-coding of some of the related fields. 
· CSI request [0~3 bit]
· SRS resource indicator [0~4 bits]
· Transmission configuration indication [0~3 bits]
· SRS request [0~3 bits] 
· Beta offset indicator [0~2 bits]
Proposal 6: Whether introducing the following bit fields should be further decided in the relative agenda.
· Repetition factor
· Priority indication
· PDSCH grouping indication.
Proposal 7: The definition of PDCCH monitoring span in Rel-15 is reused in Rel-16 URLLC with no modification.
Proposal 8: Do not introduce the following new spans: (2,1), (4,1), (4,2), (7,1) and (7,2). 
Proposal 9: Do not introduce the new span (1,1). 
Proposal 10: For NR URLLC in Rel-16, the maximum number of BDs/non-overlapped CCEs per slot can be increased to twice of that in Rel-15.
Proposal 11: Potential aspects for defining the C for each (X,Y,u) include:
· The value of C for (X,Y,u) can be obtained by uniformly distributing the maximum number of non-overlapped CCEs per slot into each span. The number of span for calculation is floor(14/X).
· At least one candidate of aggregation level 16 can be supported for each (X,Y,u).
Proposal 12: The limit on the maximum number of non-overlapping CCE for each span in a slot can be determined as following:
· If the span pattern can be derived from multiple valid combinations of (X,Y), then maximum C for the multiple valid combinations of (X,Y) is used,
· else, C for the only one valid combination of (X,Y) is used.
· note, if there is only one span, the maximum number of non-overlapped CCEs per slot is used.
Proposal 13: At least support the limit C on the maximum number of non-overlapping CCEs for channel estimation for the first PDCCH monitoring span can be different from the rest spans across different spans within a slot. FFS introducing a configurable C for each span.
Proposal 14: The maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is equal to the limit per PDCCH monitoring span.
Proposal 15: Do not introduce the definition of the limit on the maximum number of non-overlapping CCEs for channel estimation per slot.
Proposal 16: 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.
Proposal 17: The maximum number of non-overlapped CCEs for each span can be configured by gNB and the total number of non-overlapped CCEs across all the spans in a slot should be no larger than the maximum number of non-overlapped CCEs for a slot.
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Annex
Simulation assumptions are provided in Table A-1 of Annex. 
Table A-1 Simulation Assumptions for FDRA
	Parameters
	Value

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	500m

	Carrier frequency
	4 GHz

	Channel model 
	UMa in TR 38.901

	BS antenna configurations
	For 8 Tx antenna ports: (M, N, P, Mg, Ng; Mp, Np) = (8, 4, 2, 1, 1; 1, 4)

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi

	BS receiver noise figure
	5dB

	UE antenna configuration
	4 Rx
Panel model 1: Mg=1, Ng=1, P=2, dH=0.5
 (M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)

	UE antenna height
	Follow the modelling of TR 38.901 (e.g. 1.5m)

	UE antenna gain
	0dBi as starting point

	UE receiver noise figure
	9 dB

	Total transmit power per TRxP
	49 dBm 

	BS receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Number of UEs per cell
	URLLC: 15
eMBB: 10

	Simulation bandwidth 
	20 MHz

	SCS 
	30 kHz
Note: Other values for evaluation are not precluded. 

	URLLC UE distribution
	80% of users are outdoors and 20% of users are indoors 
Indoor penetration loss is modelled according to low loss model

	HARQ/repetition
	Based on HARQ，Max number of transmission =4

	Traffic model
	URLLC: 
File size: 32 bytes 
Data arrival rate: 4000 packets per second for periodic traffic model
eMBB: 
File size: 100 bytes 
Data arrival rate: 2000 packets per second for ftp3 traffic model

	Channel estimation
	ideal
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