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Introduction
In RAN plenary meeting #78, it was agreed to study the following item in RAN1 to see if there are performance gains:
· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data.
[bookmark: _GoBack]In this contribution, we discuss approaches for the new DCI format design, the potential impact of such a new format on the systems and provide the link-level performance evaluation of the potential gains of introducing a new DCI format with a smaller DCI payload size. We share our view on the downlink SPS and its usage in NR URLLC as another way to reduce the control channel overhead.

Discussions on Compact DCI design 
In this section, we discuss the possibility of introducing a new DCI format with a smaller size in NR for URLLC, and comment on the potential impact of it. We focus the discussion on scheduling DCI (i.e., uplink scheduling DCI and downlink scheduling DCI).  

Considerations for Compact DCI   
To design the compact DCI format, it is reasonable to take the fallback DCI that is already supported in the current NR spec as a starting point. The content/size of the fallback DCI is still being finalized in RAN1. However, based on the current agreement, a reasonable size for the fallback DCI would be 30 bits without CRC bits (where 10 bits are used for resource allocation, and 20 bits are used for everything else). 
The control information contained in the fallback DCI has been largely compressed compared with the normal DCI with only “essential” bits being kept. To further compress the fallback DCI, there are essentially three approaches: 
1) Reduce the number of control information bits related to dynamic scheduling (e.g., frequency and time domain resource allocation)
2) Remove the control information from the DCI by making them semi-static 
3) Remove the control information from the DCI by conveying them using implicit methods (e.g., through DMRS or scrambling as in the design of PBCH). 

The final DCI compression may be based on a combination of the above approaches. In Table 2, we list the DCI contents that are essential for URLLC, and comment on the bits that can be reduced or removed for URLLC. We focus on DL-scheduling DCI in the discussion. The UL-scheduling DCI may be compressed to a similar size. Note that, the number of bits listed in the table does not mean to be conclusive. The main purpose of the table is to provide some guidelines for the performance evaluation in Section 2. 
Table 2 Compact DCI format consideration for DL scheduling
	DCI 
	Bits
	Description/Comments

	Header/Identifier for DCI format
	1
	DL/UL

	Frequency-domain PDSCH resources
	6
	May be further compressed for smaller BWP operations (assuming type 1 always).

	Time-domain PDSCH resources
	2
	

	VRB-to-PRB mapping
	1
	

	MCS 
	3
	The MCS table may be aggressively compressed to keep only relevant MCS candidates for URLLC

	New data indicator
	1
	

	Redundancy version
	2
	

	HARQ process number 
	2
	Reduced from 3 or 4 to 2 since URLLC has shorter HARQ processing timeline 

	Downlink Assignment Index 
	0
	

	TPC command for PUCCH 
	2
	 Needed to guarantee high reliability 

	ARI (A/N resource index)
	2
	

	HARQ timing indicator
	1
	Compress from 3 to 1 for low latency 

	Total
	23
	



The DCI content listed in Table 1 contains 22 control information bits that are considered to be essential for URLLC. It might be OK to further compress 1 or 2 bits from the table in certain scenarios. However, it is unreasonable to go further beyond this. 
Observation 1: At least 20 bits are needed in the DL scheduling DCI for URLLC.  

System-level impacts of DCI compression  
Next, we discuss the impact of the DCI compression on system level performance. We have mentioned three DCI compression approaches in the previous section. The first two approaches come at the cost of a coarser scheduling granularity and less flexibility, which in turn may bring an overall system level performance loss. The third approach comes at the cost of increased UE detection complexity, and potential misalignment between the gNB and the UE. In addition, a DCI format with size different from the existing formats necessarily consumes the blind detection budget in the UE.   
Observation 2: Reducing the DCI size comes at the cost of reduced dynamic scheduling granularity and/or increased UE decoding/detection complexity. 
Based on the discussions in this section, we make the following proposals.
Proposal 1: Fallback DCI should be used as a starting point for the new compact DCI design for URLLC.
Proposal 2:  Study further the impact of reducing the DCI payload size on overall system performance, taking into account the reduced scheduling granularity and increased UE decoding/detection complexity.

Link-level performance comparison 
From the link-level perspective, the main benefit of introducing a new DCI format with a smaller size is to reduce the coding rate for the same aggregation level, which translates into a lower BLER at a given SNR, or equivalently an SNR gain for a given BLER threshold. In this section, we provide some simulation results for smaller DCI sizes with different aggregation levels.     
To evaluate the potential performance gain, we take the fallback DCI with 30 bits payload (without CRC bits) as the baseline for comparison. We consider a DCI format with 20 bits (without CRC) as the candidate for a compact DCI. As we commented in Section 2, it seems that further compressing the DCI to less than 20 bits is difficult, if possible at all.  
Before presenting the simulation results, we first note that once the 24 CRC bits are added to the DCI payload, the reduction of the DCI payload from 30 bits to 20 bits only lead to marginal channel coding rate reduction (i.e., 19%). In the low SNR regime, this translates into 0.9 dB performance gain (assuming ideal channel estimation). The actual performance gain may become smaller with realistic channel estimation, as we will illustrate next.   
In the Figs. 1-2 below, we show the performance comparison between the two DCI sizes for different PDCCH aggregation levels and different antenna configurations. The simulation assumptions are provided in the appendix. 
[image: ]
Fig. 1 Performance comparison for different DCI size and AL with 4 Tx antenna and 2 Rx antenna 
[image: ]
Fig. 2 Performance comparison for different DCI size and AL with 2 Tx antenna and 4 Rx antenna 

The SNR gain (achieving 0.001 BLER) of reducing the DCI payload is summarized in Table 1. We observe that, for larger aggregation levels (AL=4,8,16), the performance gain brought by DCI payload reduction is about 0.5 dB~0.8 dB. This gain is larger for smaller aggregation levels. However, it should be noted that, for small AL, higher reliability can be achieved via switching to higher AL, power control and other schemes without a new compact DCI design. the focus to get high reliability should be on high AL cases.

Table 1 Performance gain resulting from a smaller DCI size (with 30 bits DCI without CRC as baseline)
	Aggregation level
	AL2
	AL4
	AL8
	AL16

	4Tx, 2Rx 
	1.5 dB 
	0.8 dB 
	0.6 dB 
	0.6 dB 

	2Tx, 4Rx
	1.2 dB
	0.7 dB
	0.5 dB
	0.6 dB




Observation 3: Reducing the DCI size from 30 to 20 bits (without CRC) may bring 0.5~0.8 dB performance gain for AL=4,8,16. 

Downlink SPS for URLLC
For small data payload (e.g., 32~50 bytes), the PDCCH overhead can be significant (especially so since the downlink CRC alone has 24 bits). This motivates the need of PDCCH-free (control-less) downlink data transmission. A straightforward solution to achieve this goal is to use downlink SPS. In RAN1 #91 [1], the following agreements were reached for downlink SPS:
Agreements:
· Send an LS to RAN2 to inform following:
· Answer to Q1: RAN1 believes that it is feasible to support DL SPS operation in NR. The NR DL SPS scheme has no significant differences compared with LTE DL SPS scheme.
· Answer to Q2: RAN1 believes that at least the set of periodicities of DL SPS resource is same as that of LTE DL SPS. RAN1 has not been studied the periodicities shorter than that of LTE range. Note that there is no implication and impacts on any design and decision on uplink data transmission without grant. 
· Following parameters are configured for DL SPS by UE-specific RRC signaling 
· a new RNTI for SPS (e.g. SPS C-RNTI)
· semiPersistSchedIntervalDL
· numberOfConfSPS-Processes
· PUCCH-AN-PersistentList
 
To follow the agreement and to make DL SPS for URLLC competitive to that of LTE sTTI, it is natural to allow the same or shorter SPS periodicities that the ones supported in LTE sTTI. Therefore, we propose the following:
Proposal 3: NR DL-SPS should at least support the same SPS periodicities as for the UL SPS (type 2 ULGF transmission) for URLLC. 
Proposal 4: NR should consider additional control information to be embed in the DMRS associated with the PDSCH as part of compact DCI design.


Conclusion

In this contribution, we have discuss approaches for the new DCI format design, the potential impact of such a new format on the systems, and provide the link-level performance evaluation of the potential gains of introducing a new DCI format with a smaller DCI payload size. We have made the following observations/proposals. 
Observation 1: At least 20 bits are needed in the DL scheduling DCI for URLLC.  
Observation 2: Reducing the DCI size comes at the cost of reduced dynamic scheduling granularity and/or increased UE decoding/detection complexity. 
Observation 3: Reducing the DCI size from 30 to 20 bits (without CRC) may bring 0.5~0.8 dB performance gain for AL=4,8,16. 
Proposal 1: Fallback DCI should be used as a starting point for the new compact DCI design for URLLC.
Proposal 2: Study further the impact of reducing the DCI payload size on overall system performance, taking into account the reduced scheduling granularity and increased UE decoding/detection complexity.

In addition, we have also discussed the usage of downlink SPS in NR URLLC as an alternative to reduce the PDCCH overhead. In this regard, we make the following proposals. 
Proposal 3: NR DL-SPS should at least support the same SPS periodicities as for the UL SPS (type 2 ULGF transmission) for URLLC.
Proposal 4: NR should consider additional control information to be embed in the DMRS associated with the PDSCH as part of compact DCI design.
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Appendix
The simulation assumptions used in Section 3 for link-level performance evaluation are summarized in the Table 2 below.
Table 2 Simulation assumptions in Section 2
	Parameter
	Value

	Channel 
	TDL-C

	Delay spread 
	300 ns

	Doppler
	120 Hz

	SCS
	15 KHz

	# gNB antenna
	2,4

	# UE antenna
	2, 4

	Polar decoder 
	List-8 decoder

	PDCCH duration
	1 symbol

	Channel estimation
	RMMSE across 6 RB

	Resource allocation type
	Localized
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