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1. Introduction

During SI phase, the following agreements were made on PDCCH for URLLC at RAN1 Adhoc #1701
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported

· Defining a compact DCI format targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements

At RAN #78, the scope for URLLC work in Rel-15 was endorsed in [1] and the following was agreed to be included

· Study and specify if gains are identified
· 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
In this contribution, we provide our views on DCI format design for URLLC. 

2. Discussion

2.1 Reliability requirement

Although it is no doubt that a highly reliable PDCCH is needed for URLLC, it is unclear how reliable the PDCCH should be. The performance requirement of PDCCH for URLLC was analyzed in [2]

 REF _Ref470007650 \n \h 
[3]. A general observation is that the reliability of PDCCH for URLLC should be increased compared to PDCCH in LTE (1%). Moreover, as indicated in [4], it is necessary to support one-shot DL transmission without HARQ-ACK feedback even if it is not the best choice from spectrum efficiency point of view. Therefore, the most stringent operating BLER of PDCCH for URLLC should be smaller than 0.001%, e.g. assuming it is 10 times lower than the BLER target for PDSCH, it should be 0.0001%.
Proposal 1: The operating BLER of PDCCH for URLLC should be smaller than 0.001% in order to support DL transmission without HARQ-ACK feedback. 

2.2 DCI format design
In the section, we first discuss whether there is a need to 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. According to 38.212, for an active bandwidth part configured with 100 RBs, the payload sizes of DCI format 0_0 and DCI format 1_0 are about 60 bits excluding CRC. In the following, link level evaluations are provided assuming two different DCI payload sizes, 24 bits and 60 bits, excluding CRC. The simulation assumption is provided in Appendix and the BLER performance of PDCCH is shown in Figure 1. 
Reducing the DCI payload size improves the PDCCH BLER performance since the effective code rate is much lower. In Figure 1, it can be observed that there is around 2 dB gain between DCI payload size of 24 bits and 60 bits at 1e-5 BLER with AL 16. From another perspective, for any given SINR, a new DCI format(s) with a smaller DCI payload size than DCI format 0_0 and DCI format 1_0 can increase PDCCH reliability.
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Figure 1 Evaluation results for PDCCH reliability for two different DCI payload sizes
Moreover, the bit fields in DCI format 0_0 and DCI format 1_0 need to be fixed because they will be used for UEs before RRC configuration. For URLLC, some of the bit fields in the DCI should be configurable rather than fixed. For example, the HARQ process field can be configured to be smaller than 16 if peak data rate is not required. As another example, the time domain resource allocation can be configured by higher layers such that there is no need to set a fixed size for these bit fields. Further details are discussed in the following. In summary, it is beneficial and feasible to adopt a different DCI format with a smaller DCI payload size than DCI format 0_0 and DCI format 1_0 unicast data.
Proposal 2: Support a new DCI format(s) design that has a smaller DCI payload size than DCI format 0_0 and DCI format 1_0 unicast data for URLLC.

 In the following, we provide some details of compact DCI format design for DL and UL respectively.
1) DL Compact DCI design
Header: It was agreed that at least 1 bit header will be used to distinguish UL and DL. 
Frequency domain resource allocation: Due to the tight latency and high reliability requirement, it is more favorable to allocate a larger bandwidth to URLLC, so that it can be transmitted in a timely manner with guaranteed reliability. In this case, the flexibility of resource allocation becomes less critical, and a much coarser frequency granularity can be adopted. The RBG table design can be found in [5]. Regarding to the resource allocation type, a modified resource allocation type 1 can be considered where the smallest resource allocation unit is based on RBG. The bit field of frequency domain resource allocation is equal to
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. According to [5], if the BW =100RB, the RBG size should be 16 RB. Assuming the modified type 1 resource allocation, the bit field for frequency domain resource allocation is 5 bits.

Time domain resource allocation: For time domain resource allocation, the DCI shall provide an index into a UE-specific table giving the K0, OFDM starting symbols and duration, and PDSCH mapping type used for the PDSCH transmission. The table should be configured by RRC signaling, and it is up to 16 rows. With a smaller scheduling granularity, the time domain resource allocation table configured for URLLC can be small, i.e. 4 rows out of 16. So up to 2 bits in compact DCI could be used to indicate the time domain resource allocation. If only one entry is configured, the time domain resource allocation field should be 0 bit, and the actual number of the bit field can be decided according to RRC configuration.
HARQ process number, NDI, RV and MCS/TBS: The typical packet size for URLLC is smaller than eMBB. Hence it is possible to indicate a limited number of transport block sizes. Without pursuing high peak data rate, one could rely on single TB transmission for URLLC, i.e., only one set of {NDI, HARQ process number, MCS} bit field is needed. Considering that the SINR statistics for one UE may not cover a large range [6], a UE-specific MCS indication with fewer number of bits can also be considered. As for the HARQ process number, it was agreed that 4-bit should be fixed in fallback DCI or non-fallback DCI. For URLLC, this is unnecessary and it can be set according to the number of HARQ processes configured by higher layer.
HARQ-ACK timing: It was agreed that 3 bits are used to indicate K1 slot-timing in normal DCI. For URLLC, a fast HARQ RTT is preferred and 2 bits could be sufficient.
TPC field, PUCCH resource allocation: These fields should be same with the normal DCI format for guaranteeing the reliability of PUCCH. 

Other DCI fields: In order to keep a concise DCI, other fields in normal DCI formats should be removed, such as carrier indicator, BWP indicator and rate matching indicator and so on. The information indicated by these fields could be configured or fixed. 
A-CSI trigger: According to the analysis in [7], it is preferred that 1 bit A-CSI trigger field can be included.
One example of DL compact DCI is given in Table 1.

Table 1 Example of DL compact DCI design for URLLC

	DCI field
	Header
	Frequency domain resource allocation
	Time domain resource allocation
	HARQ process
	MCS
	NDI
	RV
	HARQ-ACK timing 
	TPC 
	PUCCH resource
	A-CQI

 
	CRC
	Total payload size

	# bits
	1
	5
	2
	3
	3
	1
	2
	2
	2
	2
	1
	24
	48


2) UL Compact DCI design

Some common fields, such as header, frequency/time domain resource allocation, HARQ process number, NDI, RV, MCS/TBS, TPC command, can be same as the DL compact DCI. Consideration on other specific fields is provided as follows:

Beta-offset indicator: In order to decrease the payload size of compact DCI, the beta-offset indicator should be removed, and it can either be configured or fixed.

One example of UL compact DCI is given in Table 2.

Table 2 Example of UL compact DCI design for URLLC
	DCI field
	Header
	Frequency domain resource allocation
	Time domain resource allocation
	HARQ process
	MCS
	NDI
	RV
	Frequency hopping flag
	TPC 
	CRC
	Total payload size

	# bits
	1
	5
	2
	3
	2
	1
	1
	1
	2
	24
	42


To support URLLC PDSCH repetition, the number/pattern of repetitions needs to be indicated [4]. To minimize the overhead, implicit indication from aggregation level of the detected DCI can be considered. Different aggregation levels represent different coding rates of the detected DCI accommodating to different channel qualities and are applied for UEs in different coverage. Hence, it is possible to use the detected aggregation level of DCI to indicate the repetition number of the scheduled PDSCH as long as they experience the similar channel. 
Proposal 3: Consider the following DL compact DCI format for URLLC: 
	DCI field
	Header
	Frequency domain resource allocation
	Time domain resource allocation
	HARQ process
	MCS
	NDI
	RV
	HARQ-ACK timing 
	TPC 
	PUCCH resource
	A-CQI

 
	CRC
	Total payload size

	# bits
	1
	5
	2
	3
	3
	1
	2
	2
	2
	2
	1
	24
	48


Proposal 4: Consider the following UL compact DCI format for URLLC:

	DCI field
	Header
	Frequency domain resource allocation
	Time domain resource allocation
	HARQ process
	MCS
	NDI
	RV
	Frequency hopping flag
	TPC 
	CRC
	Total payload size

	# bits
	1
	5
	2
	3
	2
	1
	1
	1
	2
	24
	42


3. Conclusion
In this contribution, we provide our view on the control channel design aspects for URLLC and have the following proposals

 Proposal 1: The operating BLER of PDCCH for URLLC should be smaller than 0.001% in order to support DL transmissions without HARQ-ACK feedback.

Proposal 2: Support a new DCI format(s) design that has a smaller DCI payload size than DCI format 0_0 and DCI format 1_0 unicast data for URLLC.

Proposal 3: Consider the following DL compact DCI format for URLLC: 

	DCI field
	Header
	Frequency domain resource allocation
	Time domain resource allocation
	HARQ process
	MCS
	NDI
	RV
	HARQ-ACK timing 
	TPC 
	PUCCH resource
	A-CQI

 
	CRC
	Total payload size

	# bits
	1
	5
	2
	3
	3
	1
	2
	2
	2
	2
	1
	24
	48


Proposal 4: Consider the following UL compact DCI format for URLLC:

	DCI field
	Header
	Frequency domain resource allocation
	Time domain resource allocation
	HARQ process
	MCS
	NDI
	RV
	Frequency hopping flag
	TPC 
	CRC
	Total payload size

	# bits
	1
	5
	2
	3
	2
	1
	1
	1
	2
	24
	42
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Appendix
Table 3 Simulation assumption
	Parameters
	Value

	DCI payload(excluding CRC)
	24bits, 60bits  

	CRC
	24bits

	CCE size
	6 REGs

	Transmission type
	Interleaved

	Aggregation level
	16

	Number of control symbol
	2

	Channel coding
	Polar code

	Transmission scheme
	1-port precoder cycling

	Channel estimation
	MMSE

REG bundling size: 2 REGs.

	Channel model
	TDL-A(Delay spread: 30ns)

	UE speed
	3 km/h

	Carrier Frequency
	4GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	15KHz

	Number of BS antennas
	2   

	Number of UE antennas
	2
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