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At RAN1#97 meeting, several agreements on DCI contents were achieved:[1]
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 

Furthermore, we extensively discussed UE PDCCH monitoring capability and achieve the following agreements as a framework for the next step:

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  

In this contribution we first discuss the URLLC DCI format design including possible bit widths for some fields based on the current agreements. Secondly, we discuss the adequacy of Rel-15 PDCCH monitoring capacity for URLLC scheduling and possible enhancements thereof. We also analyse the impacts on system performance from PDCCH blocking.

DCI format for URLLC scheduling
As approved at RAN#83 plenary meeting, DCI formats for URLLC could contain some bit fields with configurable sizes. The detailed objects on DCI formats include:
· Targeting a reduction of 10~16 bits relative to Rel-15 DCI format 0_0/1_0 for the minimum DCI size 
· A maximum DCI size that can be larger than Rel-15 DCI format 0_0/1_0
· Provide the possibility to align with the size of the Rel-15 DCI format 0_0/1_0

Generally speaking, bit fields contained in a DCI can be categorized as fixed bit fields and configurable bit fields, which have fixed bit width and configurable bit width with the possibility to be zero respectively. At RAN1#96 meeting, a set of potential configurable bit fields to be finalized in work item were agreed. [2] These bit fields can be configured with different bit widths depending on the applying URLLC scenarios. However, even all those configurable bit fields are disabled, the target of reduction of 10-16 bits relative to Rel-15 DCI format 0_0/1_0 for the minimum DCI sizes is still quite challenging. In Table 1 and Table 2, we give some exemplary URLLC DCI format configurations based on Rel-15 fallback DCI with taking into account the current agreements, wherein the agreed bit fields are highlighted with green background. The maximum payload size of a URLLC DCI can be larger than that of Rel-15 fallback DCI format if full functionality is supported. On the other hand, some fixed bit fields in Rel-15 should be further reduced in order to achieve the maximum reduction of 10-16 bits. In URLLC DCI case 2, we give an example configuration for URLLC DCI format, where all the configurable bit fields are disabled and some fixed bit fields in Rel-15 are further reduced. Note that the other configurable bit fields exist in Rel-15 non-fallback DCI and possible new bit fields in addition to Rel-15 are not mentioned as they are still under discussion or depend on the other topics. It is observed that up to 18 bits reduction with proper configuration compared to Rel-15 fallback DCI can be achieved.
Although we have made extensive progresses on the DCI design, there are still some details needed to be discussed. In the following part, we provide analyses on several open issues.

· FDRA: Typically, URLLC traffic is allocated with large bandwidth in frequency in order to achieve low latency and high reliability. It is straightforward to adopt a coarser granularity and DCI payload size can be accordingly reduced. At the last meeting, the following agreements were achieved:
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












The motivation of option 2 is to promote resource utilization in the case eMBB traffic and URLLC traffic exist simultaneously. However, resource waste still occurs if the total available resources for URLLC is not multiple of RBG sizes whilst additional signaling overhead is required. Actually this issue can be handled by gNB by proper scheduling, e.g. gNB could guarantee the starting position and bandwidth of available URLLC resources are both multiple of URLLC RA granularity.
Generally speaking, both Alt. 1 and Alt. 2 under umbrella of option 1 can be used to get a smaller payload size. The spirit of Al1.1 is to determine the granularity according to the BWP size, i.e. precise and coarse granularity can only be applicable to large BWP and small BWP respectively. Alt.2 has much more flexibility with separately configuring the granularity of RA for a BWP. For example, gNB can configure coarser granularity in a BWP with smaller size to further reduce the DCI payload size or configure more precise granularity in a BWP with larger size to achieve DCI alignment.

· TDRA: It was agreed that TDRA is configurable with 0-4 bits.[1] One open issue is how to determine the reference of TDRA table, i.e. slot boundary or the ending symbol of scheduling PDCCH. Taking the ending symbol of scheduling PDCCH as reference can further reduce the required bit length of TDRA. Assuming 7 MO within a slot and only one L is configured for PDSCH transmission, at least 3 bits is required to cover different MO positions if the TDRA reference is slot boundary. In the other word, there will be no chance to further reduce the number of required bits for TDRA which deviates from the initial spirit of current agreement. On the other hand, TDRA bit field can be zero for alt.2 as it doesn’t need to indicate the starting symbol of PDSCH. 


Figure1: examples for different TDRA reference

· MCS: MCS table has significant impacts on the transmission/reception performance. It is possible to select a subset of current MCS table depending on the deployment scenarios, e.g. factory automation and power distribution can use different arrays of MCS. The arrays of a new MCS table (derived from the current MCS table) should be carefully chosen. Although URLLC traffic is typically transmitted with a low coding rate and low modulation order in order to achieve high reliability, high MCS level may be still touchable if channel condition is pretty good.  As the wireless channel is not static, we don’t see the motivation of using fixed MCS level. From our point of view, MCS bit field could be 3-5 bits to achieve a compromise of link adaption performance and DCI payload size reduction.
· HARQ process number: The number of supported HARQ process is highly relevant to the processing timeline. For smaller SCS, the number of HARQ process number may be reduced as the available TTI within a RTT is less. While for larger SCS, e.g. 120 kHz, as shown in the processing time evaluation results[3], there are up to 8*7 TTIs within one RTT (around 1ms). Hence the maximum number of HARQ process number should not be less than 16. Furthermore, HPN=0 implies there is no HARQ process for new TB before the current process is released. Waiting delay increases in the case continuously scheduling happens. 
· PUCCH resource indicator: Considering the much more stringent latency requirement, the HARQ-ACK should be transmitted as soon as possible which implies a shorter PUCCH is preferred. Consequently, the bit width for PUCCH resource indicator could be reduced to 2 bits.
· PDSCH-to-HARQ feedback indicator: Similar to PUCCH resource indicator, the PDSCH ACK/NACK should be transmitted as soon as possible.
· VRB-to-PRB flag: URLLC traffic will usually be transmitted with a large bandwidth. The channel condition on different sub-bands may be diverse. gNB should enjoy the freedom to indicate whether localized or distributed VRB-to-PRB mapping is applied depending on the CQI. This bit field could be configurable with bit length range 0-1 bit. 
· Frequency hopping flag: Similar to VRB-to-PRB flag, frequency hopping flag could be configurable with bit length range 0-1 bit.
[bookmark: _Ref435013]Table 1 Comparison of three potential URLLC DCI format configurations for DL reception in a 100 RB BWP
	Field Name
	Example DCI 1_0
	URLLC DCI Case 11
	URLLC DCI Case 22
	

	Carrier indicator
	N/A
	3
	0
	[0-X], assuming X=3 for convenience

	Identifier
	1
	1
	1
	

	Frequency-domain RA
	13
	13
	9
	RA granularity is configured by higher layer signaling, wherein RA granularity=4 RBs

	Time-domain RA
	4
	4
	0
	[0-4]

	VRB-to-PRB flag
	1
	1
	0
	[0-1]

	Modulation and coding scheme 
	5
	5
	3
	[3-5]

	New data indicator
	1
	1
	1
	

	Redundancy version
	2
	2
	0
	[0-2]

	HARQ process number 
	4
	4
	1
	[1-4]

	DAI
	2
	2
	2
	Note that T-DAI is needed if CA is supported for URLLC

	TPC command
	2
	2
	2
	

	PUCCH resource indicator
	3
	3
	2
	Reduced size is possible

	PDSCH-to-HARQ feedback indicator
	3
	3
	2
	Reduced size is possible but full range also enables support of multiple HARQ-ACK transmissions in a slot

	PRB bundling size indicator
	N/A
	1
	0
	[0-1]

	Rate matching indicator
	N/A
	2
	0
	[0-2]

	ZP CSI-RS trigger
	N/A
	2
	0
	[0-2]

	Total
	41
	49
	23
	18 bits reduction compared to DCI format 1_0



Table 2 Comparison of three potential URLLC DCI format configurations for UL transmission in a 100 RB BWP
	Field Name
	Example DCI 0_0
	URLLC DCI Case 11
	URLLC DCI Case 22
	

	Carrier indicator
	N/A
	3
	0
	[0-X], assuming X=3 for convenience

	Identifier
	1
	1
	1
	

	Frequency-domain RA
	13
	13
	9
	RA granularity is configured by higher layer signaling, wherein RA granularity=4 RBs

	Time-domain RA
	4
	4
	0
	[0-4]

	Frequency hopping flag
	1
	1
	0
	[0-1]

	Modulation and coding scheme 
	5
	5
	3
	[3-5]

	New data indicator
	1
	1
	1
	

	Redundancy version
	2
	2
	0
	[0-2]

	HARQ process number 
	4
	4
	1
	[1-4]

	TPC command
	2
	2
	2
	

	Padding bits
	7
	12
	6
	

	UL/SUL indicator
	1
	1
	0
	SUL may be unnecessary

	Total
	41
	49
	23
	18 bits reduction compared to DCI format 0_0


Note1: Full flexibility is achieved with maximum bit width for each bit field
Note2: Reduce the bit width for some current fixed bit fields in Rel-15 with turning off all the potential URLLC configurable bit fields

Proposal 1: The fixed bit fields in Rel-15 could be further reduced or configured as shown in table 1 and table 2.

Proposal 2: The scheduling granularity should be configured by a new RRC parameter.

Proposal 3: The reference of TDRA table should be the ending symbol of scheduling PDCCH.

On enhanced PDCCH monitoring capability
Definition of per span PDCCH monitoring capability
At RAN1#97 meeting, we extensively discussed the PDCCH monitoring capability enhancement on maximum number of non-overlapping CCE for channel estimation which are summarized in [3].  In Rel-15, the span is defined for UE feature group 3-5b, i.e. a span is of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored. Different search spaces associated with same or different CORESET(s) could be configured within a single span. Similar definition of PDCCH monitoring span with some modification could also be applied to URLLC PDCCH monitoring capability enhancement case, e.g. remove the restriction “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”.[4]  One open issue is how to determine the maximum number of non-overlapping CCEs for each (X,Y) combination. Considering reliability of URLLC PDCCH is a critical factor to achieve the overall reliability requirement for URLLC transmission, large aggregation level should be guaranteed for each span, i.e. AL 16. From this perspective, we propose the maximum number of non-overlapping CCEs within a span should be at least sufficient for one AL 16 PDCCH candidate.

Several potential (X,Y) combinations were provided in FL’s summary wherein Y could be smaller than min(3, X), e.g. (2,1), (4,1) , (4,2) , (7,1) , (7,2). One reason may be to make sure UE can start PDCCH processing as soon as possible as PDCCH can only be transmitted within the first symbol(s) within a span. However, it is quite questionable whether it is a valuable assumption. Considering the current PDSCH processing time for capability 2, only 3 symbols are sufficient for PDCCH processing, PDSCH processing and HARQ/ACK preparation if SCS=15 kHz. From this point of view, at least (7,1) and (7,2) is not necessary. Furthermore, for a span has a smaller time duration than min(3,X), i.e. X>=2, it can be achieved by configuring a CORESET with smaller OFDM symbols within a span corresponding to a larger time duration. We don’t see the necessity to support a span with time duration smaller than min(3, X).

Considering a UE needs to monitor different number of PDCCH candidates in different spans, i.e. it has to monitor more PDCCH candidates within a span wherein CSS or eMBB MO is configured, it is proposed to report more than one M values with single (X,Y) combination. The larger value is applied to the first span and the other is applied to the left. However, the UE capability should be uniform for every span with the same (X,Y) restriction. One argument is the processing latency of the first span could be relaxed as it typically for eMBB. At the first glance it makes sense if gNB only transmits a DCI scheduling eMBB or corresponding to broadcast information within the first span.  However, gNB may transmit SFI or a DCI scheduling URLLC in the first span which needs to be processed as soon as possible.  Furthermore, we cannot make an assumption that only the first span may be configured with more PDCCH candidates as either CSS or eMBB MO can be associated with any span across a slot. 

Based on the above analyses, we have the following proposal for the combination of (X,Y) and the corresponding M.

Proposal 4: Different maximum number of non-overlapping CCEs should be defined for each span within different (X,Y) combinations. A span should occupy min(3,X) consecutive OFDM symbols.  The following table could be considered as a starting point.
	
	X
	Y
	M

	Case 1
	2
	2
	16

	Case 2
	4
	3
	32

	Case 3
	7
	3
	48

	Note: Other cases are not precluded. A span should occupy min(3,X) consecutive OFDM symbols.




PDCCH monitoring capability reporting
A UE may report a set of Rel-16 PDCCH monitoring capability in order to satisfy different traffic requirements. Different from Rel-15, each per-span PDCCH monitoring capability contains not only (X,Y) but also maximum non-overlapping CCE number M.  Both UE and gNB need to determine which M should be followed for a span if it satisfies more than one (X,Y,M) combinations simultaneously.  One example is shown in figure 2 wherein a UE reports (2,2,16) and (4,3,32).  It can be observed that spans {#1 #2 #3 #6 #7} satisfy (4,3) and (2,2) at the same time.  As the separation between adjacent spans is sufficient to handle more non-overlapping CCEs for the UE, it is better to adopt the larger M as the PDCCH monitoring capability for these spans to avoid restrictions on UE implementation.

 
Figure2: M determination in case that a span satisfies more than one (X,Y,M)

Proposal 5: To adopt the largest M as the maximum non-overlapping CCE for a span among the satisfied PDCCH monitoring capabilities which are reported by a UE.

For a URLLC UE, it is a common understanding that the UE capability, especially non-overlapping CCEs, should be defined per span in order to avoid heavy burden within certain span. For a URLLC and eMBB capable UE, it has two different PDCCH monitoring capabilities, i.e. Rel-15 slot-level capability and Rel-16 span-level capability.  One issue is whether to allow a UE to report both capabilities at same time or only report the Rel-16 span-level capability.  As discussed above, per span capability introduces some restrictions on the number of BD and/or non-overlapping CCEs within a span. On the other word, assuming the per-span BD and non-overlapping CCEs is less than that of per slot case, a gNB is mandatorily required to configure more MOs in order to maintain similar PDCCH capacity as Rel-15. As a search space configuration for one UE is agnostic for another, it will jeopardize downlink transmission performance if a PDSCH covers the other UE’s PDCCH. In TDD system, whether a MO is configurable or available highly depends on the TDD UL DL configuration or SFI indication respectively. A MO should not be configured on the symbols which are overlapped with the semi-static UL. Furthermore, MOs that configured on semi-static flexible symbols can be disabled by SFI via indicating these symbols as flexible or UL or the SFI is missed.  One example is shown in figure 3. Assuming a UE only reports a per-span capability, i.e. (7,3,48), and the slot format is indicated by semi-static TDD UL DL configuration or dynamic SFI. Only one span could be configured by gNB considering the restriction of slot format. Consequently, there are only 48 non-overlapping CCEs per slot for PDCCH monitoring which is smaller than the Rel-15 capability.


Figure3: Restriction or skipping on span because of slot format indication

Proposal 6: For an eMBB and URLLC capable UE, it should report both Rel-15 slot level capability and Rel-16 span level capability.
Reduction on PDCCH blocking
PDCCH blocking
We note that increasing the number of CCEs for channel estimation may benefit a single UE but may not solve the PDCCH monitoring capacity from a system perspective. Here we consider the case of cyclic traffic, where a group of users need to be periodically scheduled. In Table 3, we give some analyses on PDCCH blockage issue in factory automation scenario with different UE numbers. We assume the carrier bandwidth is 40 MHz with 30 kHz SCS. The CORESET occupies one OFDM symbol, i.e. 96 RBs are available in each monitoring occasion. The PDCCH monitoring periodicity is 2 OFDM symbols in order to achieve a smaller latency. Besides, we assume one-shot transmission is sufficient to achieve 99.9999% reliability to simplify the analyses. Based on the latency evaluation results provided in [5], we assume the UE is blocked if it still doesn’t get a chance to be scheduled until X ms after the packet arrival wherein X depends on the SCS, density of MO and TTI length. The packets for all the UEs are assumed to come simultaneously. The AL distribution is determined by geometry shown in the appendix with the PDCCH BLER curves provided in [6]. The average CCE number for a PDCCH candidate in factory automation scenario is around 4. As the processing time highly depends on the configuration, e.g. the number of MO per slot, the TTI length for PDSCH transmission, etc., we give the blocking number under different assumptions. The distribution of PDCCH monitoring occasion is shown in Figure 4. For example, if there are 4 MOs within a slot and the TTI length is 2 OS, a UE has to be scheduled within (28-17)=11OS as it needs 17 OS to complete the PDSCH reception. Otherwise, the UE is accounted as blocked. It can be observed that PDCCH blocking will increase the outage percentage severely even if a single transmission is sufficient.


Figure 4: illustration for the distribution of PDCCH monitoring occasion
Table 3 PDCCH blockage in factory automation scenario with different UE numbers
	SCS (kHz)
	# MO/slot
	TTI (OS)
	DL
	Number of blocked UE

	
	
	
	1 Tx latency (ms)
	UE=10
	UE=20
	UE=40

	30
	4
	2
	0.58(17OS)
	0
	8
	28

	
	
	4
	0.72(21OS)
	2
	12
	32

	
	
	7
	0.94(27OS)
	6
	16
	36

	
	7
	2
	0.51(15OS)
	0
	0
	12

	
	
	4
	0.65(19OS)
	0
	0
	20

	
	
	7
	0.87(25OS)
	2
	12
	32




Observation 1: PDCCH blocking degrades the system performance significantly even if a single transmission is sufficient.

It should be noticed that the heavy PDCCH overhead will also increase the resource utilization of PDSCH. Additionally, the outage performance may be further deteriorated if retransmission is considered.

Observation 2: The outage performance may be further deteriorated if PDSCH collision and retransmission are both considered.
 
The system evaluation results are shown in Figure 5. The scenario of factory automation is assumed. 20 UEs are dropped within one cell whose packets arrive simultaneously. 2-OS TTI is assumed and the first symbol within the TTI is configured as CORESET which cannot be used for PDSCH transmission. The other detailed assumptions can be found in the appendix. 
[image: cid:image003.jpg@01D4E890.3E147610]
Figure 5: Evaluation results for factory automation involving PDCCH blockage

Based on the above SLS evaluation results, we have the following observations:
· If PDCCH capacity is always assumed as sufficient, even if 20 UEs are dropped per cell with simultaneous packet arrival, there are still more than 80% UEs satisfy the latency and reliability requirement for factory automation
· If PDCCH capacity is taken into account, the system performance degrades significantly wherein only around 6-7% UE can satisfy the latency and reliability requirement for factory automation
· the PDCCH blockage significantly increases the transmission latency
· PDCCH overhead reduces the available resources for PDSCH, which increase the collision between data channel

Observation 3: PDCCH blocking jeopardizes the system performance significantly because of PDCCH blocking and PDSCH collision caused by PDCCH overhead.
Configured scheduling assignments
Since the PDCCH capacity scales with the number of UEs, a smarter scheduling approach would be to provide a configured DL assignment and/or UL grant with same periodicity as the application’s duty cycle.  
A single configuration would be similar to SPS operation and is appropriate whenever channel and interference conditions are relatively static. However, for other use cases where channel conditions may change rapidly such as remote driving or motion control on a factory floor with moving machinery, it is desirable for the network to retain some flexibility in DL scheduling assignments including selection of physical resources, MCS, and possibly multi-TRP transmission. 

A possible solution is to configure a UE with multiple configured DL assignment configurations similarly to multiple configured UL grant configurations. Here each configured DL assignment may be configured with different transmission parameters. One example of this approach is where the UE blindly decodes PDSCH candidates [7]. The rationale for this scheme is that the DCI format payload may not be significantly smaller than a small packet size of say 32 bytes (256 bits). However, it should be noted that the packet size for a URLLC scenario can vary from 20 bytes in factory automation to over 1000 bytes for remote driving. Secondly, although it is up to individual implementations, the processing latency for small TBS sizes compared to PDCCH is not necessarily linear with respect to the payload size given that different circuitry (LDPC, polar) is involved and device implementations may have already optimized processing of PDCCH blind decodes. 

A different but complementary solution is to utilize a combination of group-common PDCCH monitoring and configured scheduling assignments. For instance, a UE can be configured with one or more DL assignment configurations in a slot. Each DL assignment configuration contains at least the time-frequency resource allocation, HARQ-ACK timing and a corresponding PUCCH resource including the PUCCH format, starting symbol and duration. The UE is configured to monitor for a PDCCH carrying a group-common DCI in a Type3 CSS indicating whether or not one out of the configured DL assignments is valid for reception corresponding to a PDCCH monitoring occasion in a slot. To reduce DL signaling overhead when multiple UEs are simultaneously scheduled, multiple UEs can be scheduled by a GC-PDCCH as shown in Figure 6. 

[image: ]
[bookmark: _Ref525923292]Figure 6 Group-based scheduling indicating one of multiple configured DL assignment configurations for a UE: (a) Different frequency domain resources, (b) identical frequency resources and non-identical values for one or more transmission parameters

Similar to DCI format 2_2 each UE is configured by RRC signaling with a UE-specific field within the DCI indicating if a DL assignment is transmitted within a time duration corresponding to the PDCCH monitoring occasion. In Figure 6(a), the configured DL assignments are primarily differentiated by different frequency domain resource allocations whereas in Figure 6(b), they are differentiated by other transmission parameters e.g. MCS or MIMO related parameters. If the UE-specific field indicates a valid configured DL assignment, the UE performs PDSCH reception and transmits a corresponding HARQ-ACK according to the PUCCH configuration for this configured DL assignment. 

There is obviously a tradeoff between UE multiplexing capacity and transmission flexibility. Semi-statically configuring transmission parameters that would otherwise be dynamically signaled in DCI format 1_0 or 1_1 increases the number of UEs supported by a single GC-PDCCH. As an example, 10 UEs can be scheduled in a GC-PDCCH matched to DCI format 1_0 size in 20 MHz bandwidth with a 4-bit UE-specific field, where one code point is used to indicate that the UE is not scheduled. 

Observation 4: Group-based scheduling in conjunction with multiple configured scheduling assignments trades off full scheduling flexibility provided by a UE-specific DCI format with the signaling efficiency provided by a group-common PDCCH and is beneficial for periodic and deterministic traffic scenarios. 

Note that this scheduling approach can also be extended to UL scheduling to complement enhanced configured UL grant operation. Indeed, it can be viewed as a hybrid between scheduled and configured UL grants, where a UE is configured with multiple configured UL grant configurations and the applicable configuration for a PUSCH transmission is indicated in a GC-PDCCH. Note that a similar efficient signaling scheme was proposed in [8] for efficient (re)activation of configured UL grant configurations to a group of UEs.

Proposal 7: In order to improve DL control signaling efficiency, consider configuring a UE with multiple DL or UL scheduling assignment configurations in conjunction with a group-common DCI, which indicates one out of the respective configurations for reception or transmission. 

























Conclusion
This contribution discussed possible PDCCH enhancements to adequately support Rel-16 URLLC use cases. A few observations are as follows:

Observation 1: PDCCH blocking degrades the system performance significantly even if single transmission is sufficient.

Observation 2: The system performance may be further deteriorated if PDSCH collision and retransmission are both considered.

Observation 3: PDCCH blocking jeopardizes the system performance significantly because of PDCCH blocking and PDSCH collision caused by PDCCH overhead.

Observation 4: Group-based scheduling in conjunction with multiple configured scheduling assignments trades off full scheduling flexibility provided by a UE-specific DCI format with the signaling efficiency provided by a group-common PDCCH and is beneficial for periodic and deterministic traffic scenarios. 

Based on the discussion we have the following proposals:
Proposal 1: The fixed bit fields in Rel-15 could be further reduced or configured as shown in table 1 and table 2.

Proposal 2: The scheduling granularity should be configured by a new RRC parameter.

Proposal 3: The reference of TDRA table should be the ending symbol of scheduling PDCCH.

Proposal 4: Different maximum number of non-overlapping CCEs should be defined for each span within different (X,Y) combinations. A span should occupy min(3,X) consecutive OFDM symbols.  The following table could be considered as a starting point.
	
	X
	Y
	M

	Case 1
	2
	2
	16

	Case 2
	4
	3
	32

	Case 3
	7
	3
	48

	Note: Other cases are not precluded. A span should occupy min(3,X) consecutive OFDM symbols.



Proposal 5: To adopt the largest M as the maximum non-overlapping CCE for a span among the satisfied PDCCH monitoring capabilities which are reported by a UE.

Proposal 6: For an eMBB and URLLC capable UE, it should report both Rel-15 slot level capability and Rel-16 span level capability.

Proposal 7: In order to improve DL control signaling efficiency, consider configuring a UE with multiple DL or UL scheduling assignment configurations in conjunction with a group-common DCI, which indicates one out of the respective configurations for reception or transmission. 
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APPENDIX
[bookmark: _Ref1030736]Table 4 PDCCH System-level simulation assumptions
	Parameters
	Value

	Layout
	Single layer as defined in 38.802
Indoor floor: 12 BSs per 120 m x 50 m

	Inter-BS distance
	20 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	40 MHz

	SCS
	30 kHz 

	PDSCH periodicity
	2 OS with 1 OS PDCCH and 1/2 density PDSCH DMRS

	Overhead
	50% control overhead + 25% PDSCH DMRS overhead

	Channel model
	ITU InH for 4 GHz (Channel model B)

	Transmit power per TRP
	24 dBm per 20 MHz bandwidth

	BS antenna config.
	4 Tx/4 Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2) for 4 Tx/4 Rx antenna ports; dH = dV = 0.5 λ

	BS antenna height
	10 m

	BS antenna element gain + connector loss
	5 dBi

	BS receiver noise figure
	5 dB

	UE Tx power
	23 dBm

	UE antenna height
	1.5m

	UE antenna config.
	4 Rx antenna ports
(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
dH = dV = 0.5 λ

	UE antenna gain
	0 dBi

	UE receiver noise figure
	9 dB

	UE distribution
	100% of users are indoors 
Use 3km/h for modeling fading channel

	Number of UEs per cell
	20 UEs with simultaneous packet arrival time 

	HARQ/repetition
	Adaptive HARQ retransmission

	Channel estimation
	Realistic

	BS receiver
	MMSE-IRC

	CSI
	CQI and PMI, reported every 5 ms; 1 ms processing delay at gNB. Subband size of 8 PRBs

	UE deployment
	100% indoor randomly and uniformly distributed over the area; 3 km/h semi-static mobility.

	Traffic model
	Periodic traffic with 32 Byte payload and 2 ms traffic periodicity; 
Latency boundary 1ms.
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Figure 4: Geomety for factory automation
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