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

In this contribution, we share our view on PDCCH enhancements for URLLC.
2. PDCCH enhancements
2.1. DCI format size
In the latest meeting, four options have been converged for URLLC DCI design. The advantages and disadvantages of these options are also discussed [2]. 
For option 1, compact DCI can reduce control overhead and save PDCCH resource in the condition of meeting the reliability requirement. the main disadvantages include the limited flexibility and the increase of the monitoring DCI format size budget. The reduction of payload size restricts the size of DCI, which bring the negative impact on scheduling flexibility. On the other hand, the new format size increases the DCI monitoring budget at UE sides. Some methods for improving monitoring budget should be investigated. 
For option 2, PDCCH can not reach the reliability requirement. For example, the performance of fallback DCI does not meet 10-6 BLER target requirement for 700MHz frequency band according to our simulation results on PDCCH performance [3]. From the performance perspective, the DCI payload size with reduction of 10-16 bits is beneficial. 
The option 3 is the superset of option 1 and option 2, which can achieve all the potential benefits from option 1 and option 2 by appropriate gNB configuration. 
Compared to option 3, option 4 can configure the larger DCI payload size than Rel-15 fallback DCI and provide fully flexibility and can achieve all the potential benefits from option 1/2/3 by gNB configuration. 
It is not clear whether there is need that the URLLC DCI size is larger than that of Rel-15 fallback DCI. Before determining the upper bound of payload size, what fields should be indicated in DCI format scheduling URLLC and what size of each field should be need to be discussed further. On the other hand, potential newly added field and the corresponding payload size should be discussed case by case. 
There is commonality among option 1,3,4 in that a DCI payload size reduction of 10~16bits compared to Rel-15 fallback DCI is targeted. This can be considered as the outcome of the study on compact DCI. The detailed DCI design can be further discussed during the WI phase considering the scheduling flexibility. After that, the upper bound of overall DCI size can be determined and potential down-selection on different options can be done. 
Proposal 1: As the conclusion of compact DCI study in eURLLC SI, DCI payload size with reduction of 10-16 bits is supported for Rel-16. 
2.2. Compact DCI design
In the following section, a compact DCI design is provided. Assuming 50 RBs bandwidth, the fallback DCI payload size is 63 bits. The target URLLC DCI payload size would be 47~53 considering the reduction of 10-16 bits. 
DL related DCI field
· Identifier for DCI formats
If URLLC DCI for DL and UL has different payload size, this field is not needed. Otherwise, 1 bit identifier is used to distinguish UL and DL DCI format for URLLC.
· Frequency domain resource assignment
For URLLC, the wider frequency bandwidth and the shorter duration in time may be used for achieving low latency. If resource allocation type 0 is used, large bitmap payload for frequency domain RA field is needed, which increases the overhead of RA. Therefore, resource allocation type 1 can be used for URLLC. Based on resource allocation type 1, maximum 16 bits overhead are required with RB granularity in the case of 275 RBs bandwidth. For 3 use cases identified in Rel-16，packet sizes are in the [20-2572] bytes range. A larger RBG granularity can be considered for further reduction of RA overhead. 
Proposal 2: Resource allocation type 1 with a larger RBG size can be applied for frequency domain RA.
· Time domain resource assignment
Currently, time domain resource assignment indicates the set of OFDM symbols used for PDSCH transmission, the start slot, and the PDSCH mapping type. This field is comprised of 4 bits, which indicates the partial combinations due to the limited overhead. Generally, PDSCH mapping type B can be a default configuration and needn’t be indicated. Besides, cross-slot scheduling does not required for URLLC service due to latency requirement. Thus, the starting slot can be absent in URLLC DCI. 
For URLLC DCI, the OFDM symbols indication can be refined. Table 1 lists the starting symbol index relative to the start of the slot. 5 bits are required for all the combinations. In the current mechanism of time domain RA the time reference is relative to slot boundary. The indication of the starting symbols is restricted due to limited number of states. Taken Figure1 as an example, DL grants on the different symbols can only schedule PDSCHs with the same starting symbol due to the restricted indication codepoint.
Table 1 the starting symbol relative to the start of the slot
	Length
	Starting symbols
	The number of combination

	2
	0~11
	29

	4
	0~9
	

	7
	0~6
	


 


Figure 1. DL grant on the different symbol is restricted to schedule PDSCH with the same starting symbol
Considering the latency requirement of URLLC, indication of the relative location of starting symbols is beneficial, for example, the offset of starting symbol relative to the end of the monitoring CORESET can be applied, as shown in Table 2. Compared to Table 1, more flexible positions indication can be achieved in DCI for a DL scheduling. Furthermore, signaling overhead is reduced. The starting symbol position and duration for PDSCH can also be configured by RRC signaling. In this case, no indication is needed and this field can be absent in DCI. 
Table 2 the starting symbol relative to the end of the CORESET 
	Length
	Offset

	2
	0,1

	4
	0,1

	7
	0,1


Notes: Offset 0 expresses CORESET is embedded in PDSCH transmission. Offset 1 expresses the starting symbol of PDSCH is next to the end of the monitoring CORESET in time domain. Other value is FFS.
Proposal 3: Time domain resource assignment with 0-2bits indicates the starting symbol relative to the end of the CORESET. 
· VRB-to-PRB mapping
VRB-to-PRB mapping can achieve the distributed resource allocation, which can obtain frequency diversity gain. If this field is triggered, the localized or distributed mapping can be applied. The localized mapping with frequency hopping is beneficial for gNB scheduling, while distributed mapping can obtain frequency diversity gain. One bit can be used for triggering VRB-to-PRB mapping. If the enabling VRB-to-PRB mapping is configured by RRC signaling, this field can also be absent in DCI.
· MCS and RV
For URLLC service with the different reliability requirement, the lower code-rate entries is added to meet BLER target requirement. High modulation order entries can be removed for saving the number of entries. Although 4 bits CQI table is used for URLLC CSI report. MCS table with the fewer entries can be configured by gNB. Thus, 2 - 4bits MCS field can be considered. 
Considering the latency requirement, the self-decodable RV is suggested, e.g. {0, 0, 0, 0} and {0, 3, 0, 3} is used with 1 bit overhead. Furthermore, if a certain RV sequence is configured by RRC signaling, this field can be absent.
· HARQ process number 
For URLLC service, non-slot scheduling is suitable to reduce HARQ round trip time. Thus, the number of HARQ processes can be decreased. Moreover, for URLCC service with low data rate, HARQ process number field with 2 or 3 bits can be configured. Similar to discussion in grant free section, a time window with a certain number of (re)transmission occasions can be configured for a UE. During this time window, UEs use the same HARQ process number. Considering the latency of service, after the time window, data in the soft buffer is deemed as expired. Therefore, the same HARQ process ID can be reused for the new data. 
· Downlink Assignment Index
For FDD case, if sufficient PUCCH resources can be used. This field can be omitted. Otherwise, 2bits is needed.  
· TPC command for PUCCH
For UEs with lower mobility, for example, power distribution and factory automation scenario, power control can be adjusted by open loop manner. Group power control command by DCI 2-2 also can be used in this case. For TPC field, if power control bases on open loop adjustment, this field can be absent. Otherwise, 2 bits are applied
· PDSCH-to-HARQ feedback timing indicator
In fallback DCI, this field indicates the slot number of HARQ-ACK relative to the slot boundary of PDSCH reception. For URLLC service, the reduced feedback timeline is needed. Because the ARI indicates the symbols, the reduced value range can be adopted. For example, one bit indicates the HARQ timing, in which a code-point expresses PUCCH transmission on the same slot with PDSCH, another code-point expresses PUCCH transmission on the subsequent slot after PDSCH slot. The shorten timing indicator is beneficial for low latency scenario. If the fixed n+k timing is configured by RRC signaling, this field can be absent. 
Proposal 4：For the DL DCI format scheduling in Rel-16 NR URLLC, support potential reduction of the number of bits for VRB-to-PRB mapping field and TPC command for PUCCH field. 
The URLLC DCI fields for DL are listed in table 3. The table 3 can be the baseline for further discussion.  
Table 3 URLLC DCI field for DL:
	URLLC DCI for DL assignment
	Bits
	Comment

	Identifier for DCI formats
	1
	If DL and UL DCI have the different payload size, the field can be absent.

	Frequency domain resource assignment
	9
	When RBG size with 2 RBs, payload size is 9 bits assuming 50 RBs bandwidth using resource allocation type 1. [9 bits]

	Time domain resource assignment
	0-[2]
	The starting symbol relative to the end of the CORESET can be considered. [2 bits]
If the starting symbol relative to the CORESET and duration are configured by RRC signaling, this field can be absent.[0 bit]

	VRB-to-PRB mapping
	0-[1]
	This field can achieve the distributed resource allocation. [1bit]
If the enabling mapping is configured by RRC signaling, this field can be absent.[0 bit]

	Modulation and coding scheme 
	2-[4]
	Based on the lower modulation orders and code rates, the number of bits can be configured. 2 bits can be used for small packet service. [2 bits], while 4 bits can be used for large packet service. [4 bits]

	New data indicator
	1
	

	Redundancy version
	0-[1]
	The self-decodable RV sequence can be applied. [1 bit]
If RV sequence is configured by RRC signaling, this field can be absent.[0 bit]

	HARQ process number 
	0-[3]
	If one HARQ process ID is configured by RRC signaling, this field is absent [0 bit]
Otherwise, the reduced number of process is applied. [ 3bits]  

	Downlink Assignment Index
	0-[2]
	For FDD scenario, this field can be configured to zero. 

	TPC command for PUCCH 
	0-[2]
	If power control bases on open loop adjustment, this field can be absent.[0 bit]
Otherwise, 2 bits are applied. [2 bits]

	PUCCH resource indicator
	0-[2]
	If a PUCCH resource is configured  by RRC signaling, this field can be absent.[0 bit]
Otherwise, 2 bits are applied. [2 bits]

	PDSCH-to-HARQ feedback timing indicator
	0-[1]
	Only the lower latency scenario is considered. [1bit]
If the fixed n+k timing is configured by RRC signaling, this field can be absent.[0 bit]

	RNTI and CRC
	24
	

	Total 
	37-[53]
	


UL related DCI field
For UL related DCI field, more combinations are observed in time domain resource assignment. For PUSCH mapping type B, the different lengths of PUSCH are supported, in which there is a maximum number of 105 combinations from 1 symbol to 14 symbols. gNB can configure a table for a UE with the limited number of entries. Similar to DL assignment, UL grants on the different symbols can be restricted to schedule PUSCH with the same starting symbol due to the limited signaling indicating, as shown in Figure 2. Thus, it is suggested that time domain resource assignment indicates the PUSCH length and the offset relative to the CORESET where the UL grant is monitored. The offset should take into account processing time for UL transmission. Furthermore, when the starting symbol offset and duration are configured by RRC signaling, this field is absent.
The URLLC DCI fields for UL are listed in table 4.


Figure2. UL grant on the different symbol is restricted to schedule PUSCH with the same starting symbol 
Proposal 5: For time domain resource assignment, the time offset of starting symbol of PUSCH relative to the CORESET where UL grant is monitored and the duration of PUSCH are indicated for a UE.
Proposal 6：For the UL DCI format scheduling in Rel-16 NR URLLC, support potential reduction of the number of bits for Frequency hopping flag field and TPC command for PUSCH field.
The table 4 can be the baseline for further discussion.
Table 4 URLLC DCI field for UL:
	URLLC DCI for UL assignment
	Bits
	Comment

	Identifier for DCI formats
	1
	If DL and UL DCI have the different payload size, the field can be absent.

	Frequency domain resource assignment
	9
	When RBG size with 2 RBs, payload size is 9 bits assuming 50 RBs bandwidth using resource allocation type 1.

	Time domain resource assignment
	0-[2]
	The starting symbol relative to the end of the CORESET can be considered. [2 bits]
If the starting symbol relative to the CORESET and duration are configured by RRC signaling, this field can be absent.[0 bit]

	Frequency hopping flag
	0-[1]
	If this field is always enabled for URLLC service, 0 bits is needed. Otherwise, 1bit is applied [1bit] 

	Modulation and coding scheme 
	2-[4]
	Based on the lower modulation orders and code rates, the number of bits can be configured. 2 bits can be used for small packet service. [2 bits], while 4 bits can be used for large packet service. [4 bits]

	New data indicator
	1
	

	Redundancy version
	0-[1]
	The self-decodable RV sequence can be applied. [1 bit]
If RV sequence is configured by RRC signaling, this field can be absent.[0 bit]

	HARQ process number 
	0-[3]
	If one HARQ process ID is configured by RRC signaling, this field is absent [0 bit]
Otherwise, up to 3bits is applied. [up to 3bits]  

	TPC command for PUSCH 
	0-[2]
	If power control bases on open loop adjustment, this field can be absent.[0 bit]
Otherwise, 2bits are applied. [2 bits]

	RNTI and CRC
	24
	

	Total 
	36-[48]
	Payload size is the same as UL fallback DCI assuming 50 RBs bandwidth. 


Notes: This table does not use the aligned bits between DL and UL DCI size, which does not impact SUL bits.
Proposal 7: Table 3 and table 4 can be the baseline for compact DCI design.
2.3. Increased PDCCH monitoring capability
The number of BDs and CEs are defined per slot in Rel-15. The UE capability for PDCCH BD/CE for case 2 is same as that of case 1-1 and case 1-2. In URLLC, non-slot based transmission may be baseline. Although the current UE capacity might be sufficient for slot-based scheduling, they may not be enough for accommodating a large number of monitoring occasions with mini-slot level per slot. For example, 7 monitoring occasions can be configured in a slot, when 2-symbol mini-slot is used for stringent latency. 
If the mechanism similar to LTE sTTI is utilized, up to [86] (44+6*7) BDs per slot and 6 BDs per monitoring occasion can be defined as UE capacity supporting URLLC. Figure 3 shows one example of BD capability distribution in one slot with seven PDCCH monitoring occasions assuming maximum 6 BDs per PDCCH monitoring occasion. 
The PDCCH decoding complexity for a serving cell is determined based on both the number of blind decodes and the channel estimation complexity as characterized by the number of CCEs. To guarantee the reliability of PDCCH reception for URLLC, aggregation level with 16 CCEs should be configured. On the other hand, URLLC service with the sporadic arrival and latency constraint, at least one PDCCH candidate with the higher AL should be configured per PDCCH monitoring occasion. In an extreme case, there would be at least 168 (56+16*7) CCEs per slot for monitoring. Thus, URLLC UE shall support the higher capacity of blind detection/channel estimation. 
[image: ]
Figure 3.  Example for number of BD distribution in one slot with 7 PDCCH monitoring occasions
For a UE, non-uniform number of BD/CE per monitoring occasion can be beneficial. In the a PDCCH monitoring occasion, e.g. at the beginning of a slot, UE may be configured with common search space and UE-specific search space. Besides, UE may need to monitor PDCCH carrying group common DCI or UE-specific DCI with different DCI sizes in the monitoring occasion. In addition, UE may need to monitor eMBB grant or URLLC grant with different formats for the possible scheduling of both eMBB and URLLC in the monitoring occasion. In the other monitoring occasion, only URLLC grant in USS is configured to monitor, where less number of BDs/CEs is beneficial for shorten processing time for URLLC service.
In case of non-uniform number of BD/CE per monitoring occasion, it is necessary to limit the maximum number of BDs/CEs in each subsequent monitoring occasions considering the restriction of processing capacity. Therefore, the capability of BDs/CE should be defined in a PDCCH monitoring occasion in a slot.
Proposal 8: PDCCH BD/CE capability enhancement should be supported for URLLC. UE capacity is defined as two dimensions: 
· the maximum number of BD/CE per slot.
· the maximum number of BD/CE per monitoring occasion.
3. Conclusion
In the contribution, we have some investigations on URLLC PDCCH enhancement, and propose that,
Proposal 1: As the conclusion of compact DCI study in eURLLC SI, DCI payload size with reduction of 10-16 bits is supported for Rel-16. 
Proposal 2: Resource allocation type 1 with a larger RBG size can be applied for frequency domain RA.
Proposal 3: Time domain resource assignment with 0-2bits indicates the starting symbol relative to the end of the CORESET.
Proposal 4：For the DL DCI format scheduling in Rel-16 NR URLLC, support potential reduction of the number of bits for VRB-to-PRB mapping field and TPC command for PUCCH field.
Proposal 5: For time domain resource assignment, the time offset of starting symbol of PUSCH relative to the CORESET where UL grant is monitored and the duration of PUSCH are indicated for a UE.
[bookmark: _GoBack]Proposal 6：For the UL DCI format scheduling in Rel-16 NR URLLC, support potential reduction of the number of bits for Frequency hopping flag field and TPC command for PUSCH field
Proposal 7: Table 3 and table 4 can be the baseline for compact DCI design.
Proposal 8: PDCCH BD/CE capability enhancement should be supported for URLLC. UE capacity is defined as two dimensions: 
· the maximum number of BD/CE per slot.
· the maximum number of BD/CE per monitoring occasion.

4. References
[1] Chairman notes RAN1 #ad hoc 1901
[2] R1-1901433 Summary of 7.2.6.1.1 Potential enhancements to PDCCH, RAN1 #ad hoc 1901
[3] R1-1810395 Layer 1 enhancements for URLLC, vivo,  RAN1#94bis, Chengdu, China, October 8th – 12th, 2018

6/7
Microsoft_Visio___1.vsdx
DL grant on symbol i
DL grant on symbol i+k
PDSCH starting on symbol m



image2.emf
UL grant on 

symbol i

UL grant on 

symbol i+k

PUSCH 

starting on 

symbol m


Microsoft_Visio___2.vsdx
UL grant on symbol i
UL grant on symbol i+k
PUSCH starting on symbol m



image3.emf
44+6 6 6 6 6 6 6

1 2 3 4 5 6 7 PDCCHmonitoring 

occasion

numberof BD


image1.emf
DL grant on 

symbol i

DL grant on 

symbol i+k

PDSCH 

starting on 

symbol m


