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Introduction
According to [1], RAN1 should identify techniques for supporting the ultra-reliable part of URLLC requirements set forth in [2] starting in RAN1 NR Ad-hoc#2 meeting in June 2017. 
[bookmark: _Hlk485323842]In this contribution, we outline basic aspects of DCI message for URLLC in the form of compact DCI and discuss potential performance gain of using the small DCI message. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk497317954]Below we discuss three main aspects associated with compact DCI for URLLC, namely BLER performance of using small-size DCI, compact DCI contents relevant for URLLC, and CRC overhead trade-off.
Performance gain of using small-size DCI
For given control resources, using smaller DCI size means that the code rate of DL control information can be lowered as seen in Table 1. This allows for robust transmission which is beneficial for achieving high reliability in URLLC [3]. The performance comparison between different DCI sizes (excl. CRC) can be seen in [3,4]. For example, we can see that at the low target BLER the gain of up to 1-2 dB can be expected by reducing DCI size from 30 to 15 bits, especially at low AL. The level of the gain essentially depends on the code rate reduction.
[bookmark: _Toc497318476][bookmark: _Toc497390658][bookmark: _Toc497412475][bookmark: _Toc497468800][bookmark: _Toc497469157][bookmark: _Toc498439255][bookmark: _Toc498506811][bookmark: _Toc498507496][bookmark: _Toc498600635][bookmark: _Toc498693495][bookmark: _Toc498699796][bookmark: _Toc498699802][bookmark: _Toc502751396][bookmark: _Toc502751401][bookmark: _Toc503168609][bookmark: _Toc503170326]Using small DCI size lowers the code rate of PDCCH and thus provides some performance gain. 
[bookmark: _Toc498693496][bookmark: _Toc498699797][bookmark: _Toc498699803][bookmark: _Toc502751397][bookmark: _Toc502751402][bookmark: _Toc503168610][bookmark: _Toc503170327]If the total number of DCI bits including CRC is reduced by half, it is equivalent to using one level of AL higher.

Table 1: Effective code rates for different combinations of DCI payload sizes (excl. CRC) and aggregation levels (taking into account DMRS overhead and assuming 24-bit CRC)
	Payload size (bits) / AL
	AL1
	AL2
	AL4
	AL8
	AL16

	15
	0.3611
	0.1806
	0.0903
	0.0451
	0.0226

	20
	0.4074
	0.2037
	0.1019
	0.0509
	0.0255

	30
	0.5
	0.25
	0.125
	0.0625
	0.0313



Compact DCI contents
Discussion on DCI contents in NR is ongoing. Different fields have been collected and summarized in the email discussions [5] and specification [6]. Several new fields have been introduced for new functionalities in NR as compared to LTE. Recently, it was also agreed that a smaller-size fall-back DCI is supported in NR. 
From URLLC point of view, it is reasonable to consider “compact DCI” with small DCI size to obtain the performance gain as discussed above. Since some of the fields in DCI may not be relevant for URLLC, it is reasonable to construct the compact DCI by removing some fields in the general DCI format. 
Since the aim is to have DCI with smaller size, it is then reasonable to consider the fall-back DCI option as a starting point. The compact DCI could be the same as the fall-back DCI or be a modified version of it depending on the final details of the fall-back DCI. In the latter case, further size reduction should be justified with the increased complexity of blind detection. 
For smaller compact DCI, we propose Table 1 below for the DL assignment where comments are given for the fields which are proposed to be removed or reduced from the fall-back DCI in [5] and [6].

Table1: Proposed compact DCI for DL assignment
	Proposed compact DCI for DL assignment
	Bits
	Comment

	Header/Identifier for DCI format
	0
	With a different DCI size, a header may not be needed.

	Frequency-domain PDSCH resources
	8
	With coarser granularity of RBG, the field can be reduced. Note though that restrictions on the starting position can have an effect when serving a large number of UEs.

	Time-domain PDSCH resources
	2
	

	VRB-to-PRB mapping
	0
	No need for dynamic change of the VRB mapping type, e.g., always using distributed mapping

	Modulation and coding scheme 
	4
	Limited set of MCSs relevant for URLLC (low modulation orders and code rates)

	New data indicator
	1
	

	Redundancy version
	1
	Limited set of RV sequences taking into account no. of retransmission allowed within latency limit.

	HARQ process number 
	2
	With faster HARQ round trip time, the number of processes can be limited. 

	Downlink Assignment Index 
	0
	Dynamic HARQ codebook may not be needed for URLLC, at least for FDD operation

	TPC command for PUCCH 
	0
	Can possibly be part of a separate message together with SRS and CQI commands

	PUCCH resource indicator
	2
	

	PDSCH-to-HARQ feedback timing indicator
	0
	Fixed configuration of HARQ timing for low latency operation

	Number of information bits
	20
	

	RNTI / CRC
	24
	

	Number of information bits incl. CRC/RNTI
	44
	

	
	
	

	Total
	44
	



[bookmark: _Toc497318477][bookmark: _Toc497390659][bookmark: _Toc497412476][bookmark: _Toc497468801][bookmark: _Toc497469158][bookmark: _Toc498439256][bookmark: _Toc498506812][bookmark: _Toc498507497][bookmark: _Toc498600637][bookmark: _Toc498693498][bookmark: _Toc498699799][bookmark: _Toc498699805][bookmark: _Toc502751398][bookmark: _Toc502751403][bookmark: _Toc503168611][bookmark: _Toc503170328]Some fields in the general DCI are not relevant for URLLC and can be excluded. Examples include fields regarding MCS, NDI, and RV of the second transport block, CBG information, TCI, etc
[bookmark: _Toc497318478][bookmark: _Toc497390660][bookmark: _Toc497412477][bookmark: _Toc497468802][bookmark: _Toc497469159][bookmark: _Toc498439257][bookmark: _Toc498506813][bookmark: _Toc498507498][bookmark: _Toc498600638][bookmark: _Toc498693499][bookmark: _Toc498699800][bookmark: _Toc498699806][bookmark: _Toc502751399][bookmark: _Toc502751404][bookmark: _Toc503168612][bookmark: _Toc503170329]Some fields in the DCI can be shortened for URLLC services. Examples include MCS field (smaller MCS table with only low modulation orders and code rates), resource allocation fields in frequency domain (limited set of BWP configurations), antenna related field, etc.
[bookmark: _Toc497318480][bookmark: _Toc497390662][bookmark: _Toc497412479][bookmark: _Toc497468804][bookmark: _Toc497469161][bookmark: _Toc498439259][bookmark: _Toc498506815][bookmark: _Toc498600640][bookmark: _Toc498693501][bookmark: _Toc498699808][bookmark: _Toc502751408][bookmark: _Toc502751417][bookmark: _Toc502751421][bookmark: _Toc503168614][bookmark: _Toc503170331]Compact DCI is based on the small-size fall-back DCI as a starting point. It can be modified by excluding some unnecessary fields and shortening of some fields.

Low FAR and CRC overhead
It was agreed that false alarm target equivalent to 21-bit CRC is supported for NR DL control channel [7]. Together with CRC-assisted polar codes, the total CRC length for PDCCH is 24 bits. This is increased from 16-bit CRC used in LTE. In general, longer CRC ensures lowered false alarm rate (FAR) or undetected error probability. FAR is very important for URLLC since undetected PDCCH error can lead to several issues jeopardizing the strict reliability and latency requirements.
Some examples of such errors include
· DL assignment error
· Undetected error event for DL assignment can lead to errors in resource allocation information, RV field, HARQ PID, multi-antenna related information, NDI false detection. These errors then lead to PDSCH decoding failure which affects the overall reliability.
· Undetected error also leads to buffer contamination which can cause poor HARQ combining performance.
· Undetected error leads to extra retransmission latency once detected in higher layer. 
· UL related information error
· For UL grant missed detection, the UE may transmit data without receiving the actual grant and thus fail to receive any acknowledgement which might be interpreted as ACK depending on the HARQ scheme. 
· For HARQ-ACK information, the error can be N2A error which is severe for URLLC.
However, long CRC can lead to high overhead especially when considering small DCI size for URLLC. There exists a trade-off between FAR and CRC overhead.

[bookmark: _Toc497318479][bookmark: _Toc497390661][bookmark: _Toc497412478][bookmark: _Toc497468803][bookmark: _Toc497469160][bookmark: _Toc498439258][bookmark: _Toc498506814][bookmark: _Toc498507499][bookmark: _Toc498600639][bookmark: _Toc498693500][bookmark: _Toc498699801][bookmark: _Toc498699807][bookmark: _Toc502751400][bookmark: _Toc502751405][bookmark: _Toc503168613][bookmark: _Toc503170330]False alarm target equivalent to 21-bit CRC may lead to high overhead when considering small DCI size for URLLC. There exists a trade-off between low FAR and CRC overhead.
[bookmark: _Toc498506816][bookmark: _Toc498600641][bookmark: _Toc498693502][bookmark: _Toc498699809][bookmark: _Toc502751409][bookmark: _Toc502751418][bookmark: _Toc502751422][bookmark: _Toc503168615][bookmark: _Toc503170332][bookmark: _Toc497318481][bookmark: _Toc497390663][bookmark: _Toc497412480][bookmark: _Toc497468805][bookmark: _Toc497469162][bookmark: _Toc498439260]Consider compact DCI size with appropriate CRC overhead. 
Conclusion

In section 2 we made the following observations:
Observation 1	Using small DCI size lowers the code rate of PDCCH and thus provides some performance gain.
Observation 2	If the total number of DCI bits including CRC is reduced by half, it is equivalent to using one level of AL higher.
Observation 3	Some fields in the general DCI are not relevant for URLLC and can be excluded. Examples include fields regarding MCS, NDI, and RV of the second transport block, CBG information, TCI, etc
Observation 4	Some fields in the DCI can be shortened for URLLC services. Examples include MCS field (smaller MCS table with only low modulation orders and code rates), resource allocation fields in frequency domain (limited set of BWP configurations), antenna related field, etc.
Observation 5	False alarm target equivalent to 21-bit CRC may lead to high overhead when considering small DCI size for URLLC. There exists a trade-off between low FAR and CRC overhead.

Based on the discussion in section 2 we propose the following:
Proposal 1	Compact DCI is based on the small-size fall-back DCI as a starting point. It can be modified by excluding some unnecessary fields and shortening of some fields.
Proposal 2	Consider compact DCI size with appropriate CRC overhead.
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