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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]URLLC is one of the three usage scenarios for future 5G and has been envisioned as one of the enablers for future vertical applications such as industrial automation, e-health, autonomous driving and so on. TR38.913 [1] defines the general requirements for URLLC, such as a target U-plane average latency of 0.5 ms, and a reliability of 10-5 to transmit a 32 bytes packet within 1 ms.
In NR, scheduling based transmission is supported in both DL and UL. With dynamic scheduling, the network can assign the resources to the UE using up-to-date channel state information in a very flexible manner according to the amount of data in the buffer and hence optimize the resource usage. The following agreement has been made in previous RAN1 NR Ad hoc meeting:
Agreements: (RAN1 NR Ad-Hoc#1)
· 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 

As the outcome from RAN plenary #78, the scope of URLLC related work in RAN1 and RAN2 was updated according to the agreed document [3]. One item related to control channel design is as following:
· 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
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

Based on the outcome from RAN1, in this contribution our discussion is starting from the potential content of the compact DCI, then looking at potential performance gains. In our companion contribution [2], various ways to increase the control channel reliability were discussed.

	Discussion
As discussed in [2], there are different ways to increase the reliability of control channels, for example allocating more time/frequency resource for control channel transmission. Among the different schemes for further improve control channel reliability, compact DCI is one of the potential solutions as well. In this section, first the potential benefit resulting from compact DCI is studied and then we discuss about the possible content of the compact DCI.


2.1 Compact DCI: Performance benefit 
Before going into the detailed discussion about potential content for compact DCI, first we would like to find out the potential gains from compact DCI. The following Figure 1 shows the performance comparison between two DCI sizes. AL 16 is used in the simulation to meet the high reliability requirement of PDCCH. DCI Format 0_0, with 57 bits including CRC, is used as reference for comparison. For the compact DCI, the size of 39 bits (including CRC) defining the bare minimum (as outcome from Section 2.2) is used. The most important simulation parameters can be found in Appendix. Based on the simulation results, it can be observed that at BLER = 10-4, the performance gain is about 1 dB. 
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Figure 1 Performance evaluation of DCI with different sizes
Observation 1: With AL=16, roughly 1 dB gain can be achieved with the compact DCI (39 bits vs. 57 bits including CRC) at BLER=10-4.

2.2 Compact DCI: Content
For a given resource for control signaling transmission, small DCI sizes can lead to lower code rate for control information transmission and enhanced reliability as shown in Section 2.1. In this section we will provide our views about the compact DCI format design for URLLC services.
Taking the fields that have been included in DCI in TS38.212 [3] as the starting point, we can look at the potential reduction in different fields.
· UL Compact DCI
For UL, the compact DCI can be built on top of DCI Format 0_0 or Format 0_1. Considering that our target here is to reduce the size of the DCI, basically the smallest configuration value should be selected if taking Format 0_1 as the baseline for size reduction which leads to quite similar case as Format 0_0. Therefore, the fall-back DCI option Format 0_0 is taken as the baseline for compact DCI design and in the following only the candidate fields which have potential to be removed or reduced are discussed.
· Frequency domain resource assignment: this field contributes a large part of the DCI content, for example with 20MHz BW, 13 bits are needed. Considering usually URLLC data packets need to be transmitted with a very robust MCS scheme due to the tight requirements on latency and reliability and hence more resource blocks are needed. In this case the flexibility of resource allocation becomes less critical, and a coarser granularity of RBG is acceptable. One option could be to use a limited set of preconfigured frequency domain resources and use “Frequency domain resource assignment” as the indication of the selected preconfigured resources for PUSCH. As an example, in case of 4 pre-configured resources (of equal or unequal size), using a 2-bit frequency-domain RA signaling field would be sufficient to dynamically select one of them.

· Time domain resource assignment: When the UE is scheduled to transmit PUSCH by a DCI, the Time domain resource assignment field of the DCI provides a row index of an RRC configured table pusch-symbolAllocation, where the indexed row defines the slot offset K2, the start and length indicator SLIV, and the PUSCH mapping type to be assumed in the PUSCH transmission. In the extreme case, the time domain resource allocation table configured to URLLC UEs can be small, even down to 1 row.

· Modulation and coding schemes: As discussed in our companion contribution [4], in case with URLLC where high reliability is mandatory, it makes not much sense to have the full range of MCS schemes supported as the higher MCS with for example 64QAM will be seldom employed. Also in the context of channel coding design, the simulation assumption for URLLC is mostly with lower coding rate and modulation level up to 16QAM. In our view, 4 bit MCS field seems sufficient for URLLC as it provides good granularity in the spectral efficiency for the region that matters and helps reducing DCI overhead. 3-bit MCS field could also be possible if we consider configurable MCS table [4].

· HARQ process number: in the current Format 0_0, 4 bits is used to indicate HARQ process number. Due to the short latency requirement and also faster HARQ round trip time in 5G NR, it is possible to reduce the size of HARQ process number field. One example could be 2-bits.
Based on the discussion above, we propose Table 1 below for the UL assignment as one example. 
Table 1 Example of compact DCI (based on Format 0_0)
	Fields in Format 0_0
	Value in bits [3]
	Proposed value in bits

	Identifier for DCI format
	1
	1

	Frequency domain resource assignment
(assumption: 20MHz with 100PRBs)
	13
	2

	Time domain resource assignment
	3
	0

	Frequency hopping flag
	1
	1

	Modulation and coding schemes
	5
	4

	New data indicator
	1
	1

	Redundancy version
	2
	2

	HARQ process number
	4
	2

	TPC command for scheduled PUSCH
	2
	2

	CRC
	24
	24

	Size
	56
	39



Observation 2: UL compact DCI can be designed based on DCI Format 0_0 as a starting point. For DL compact DCI, Format 1_0 can be the baseline. The modification can be implemented by removing unnecessary fields and shortening some fields.

Similar analysis is applicable to DL compact DCI as well. It is definitely worth pointing out that compact DCI will bring quite strong restrictions to the flexibility as well. Taking our example content as example, considering frequency domain resource allocation, if only 4 pre-configured resources are available, the resource allocation is extremely restricted and it would adversely affect the spectral efficiency. Obviously, the flexibility in time domain resource usage is fully lost as well. Similarly, for the number of HARQ process, depending on the use cases especially considering the potential new use cases from vertical domains, 4 HARQ processes might become one limiting factor as well. Considering ~1dB gain coming from the adoption of compact DCI and the severe restrictions due to the compact DCI, in our view, it may not worth the effort to specify compact DCI at least in Rel-15. 
Proposal 1: Considering both the potential benefits and the resulted constraints from compact DCI, RAN1 should study more carefully different impacts due to compact DCI before specification work.

Conclusions
[bookmark: _Hlk500355486]In this contribution, after investigating the performance gains from compact DCI, we discussed the potential content in UL compact DCI based on the fall back DCI Format 0_0. Based on the discussion in Section 2, we have the following observation and proposal:
Observation 1: With AL=16, roughly 1 dB gain can be achieved with the compact DCI (39 bits vs. 57 bits including CRC) at BLER=10-4.
Observation 2: UL compact DCI can be designed based on DCI Format 0_0 as a starting point. For DL compact DCI, Format 1_0 can be the baseline. The modification can be implemented by removing unnecessary fields and shortening some fields.
Proposal 1: Considering both the potential benefits and the resulted constraints from compact DCI, RAN1 should study more carefully different impacts due to compact DCI before specification work.
Appendix:
Simulation parameters
	Parameter
	Value

	Carrier frequency
	4 GHz

	Number of TX/RX antennas
	2/2

	Modulation
	QPSK

	Channel
	TDL A 300 ns 

	UE speed
	3 km/h

	DCI payload
	15 & 33 bits

	CRC
	24

	Channel estimation method
	MMSE

	Channel coding
	DL control polar coding with list-8 decoding

	Subcarrier Spacing
	15 kHz

	DMRS overhead
	25%

	Data symbols
	1 symbol

	REG bundle size
	6

	Aggregation level (CCE)
	16
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