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Introduction
Following RAN1#91, the candidate techniques for enhancements for DL control channel for LTE HRLLC were discussed by contributing companies in a RAN1 [91-LTE-10] email discussion and summarized [1].
· Reduced DCI size / compact DCI
· Use more resources / CCEs
· Increased diversity including spatial/temporal/frequency domain
· Issue of false alarm
· Scheduling DCI enhancements for blind/HARQ-less repetition
The following Q-values (5th percentile SINR) is adopted for URLLC for LTE were agreed in in a RAN1 [91-LTE-9] email discussion
	
	Q [dB]

	DL SINR
	-2.6

	PUSCH
	TBD

	Subframe-PUCCH
	-4.1

	Slot-PUCCH
	-2.8

	Subslot-PUCCH
	-1.7



This contribution aims to further discuss enhancements to DL control aspects listed above.

Reduced DCI size / compact DCI
We consider Rel-15 DCI7-1A format or DCI7-0A format as baseline for compact DCI format for LTE HRLLC. Not all the fields in DCI7-1A format are needed for LTE HRLLC, or fewer bits may be required, to allow reduction in the number of bits in the DCI payload.  
An example of compact DCI for LTE HRLLC PDSCH with possible candidates for reduction or deletion compare to DCI7-1A is shown below
· Higher MCS corresponding to 64QAM may not be used due to higher BLER target of 10-5. A 4-bit MCS table with 16 entries is sufficient, as further discussed in [3]. This allows 1 bit reduction.
· HARQ process with 2 bits is sufficient to support up to 2 consecutive HRLLC transmissions. This allows 2 bits reduction.
· HARQ operations with only chase combining could be used. Not using different puncturing patterns for HARQ will make the RV field redundant without any significant impact on HARQ performance expected. This allows 2 bits reduction. 
·  TPC may not be used. Open-loop UL power control seems more suited to LTE HRLLC intermittent small packet transmissions. This allows 2 bits reduction.
· SRS trigger is not needed assuming TM2 for FDD and TDD operations. This allows 1 bit reduction.
· Downlink Assignment Index is not needed in FDD operations and is redundant in TDD operations assuming LTE HRLLC DL transmission is done in single DL subframe. This allows 4 bits reduction.
· Use/unused SPUCCH resource indication is redundant if unused sPUCCH resources are not used by LTE HRLLC UE. This allows reduction 2 bits
It may be necessary to add new fields for indicating repetitions in frequency domain or repetitions in time domain via compact DCI. We assume that spare field with up to 4 bits could be needed. The total number of bits in the example compact DCI payload is 20 bits. A comparison of the payload for the compact DCI and DCI7-1A is summarized in Table 1.  The effective code rate for the compact DCI for LTE HRLLC assuming 1/3 mother code rate of Tail-Biting Convolutional Code is 0.5 = (20 bits+16 bits CRC)*3/(36 REs*2 bits)*1/3; for the DCI7-1A format it is 0.65 =  (30 bits+16 bits CRC)*3/(36 REs*2 bits)*1/3.
Observation 1: Compact DCI format for HRLLC with reduced size compare to DCI7-1A format allows lower ECR after CRC addition, channel coding, and rate matching
Observation 2: compact DCI format for URLLC with size 20 bits as an effective code rate 0.50 compare to DCI7-1A which has an effective code rate of 0.65.   
Proposal 1: Compact DCI format with 20 bits is used for LTE HRLLC.

	DCI Format
	Compact DCI for LTE HRLLC
	DCI7-1A

	Flag UL/DL
	1 bit
	1 bit

	Resource Allocation
	4-5 bits
	4-5 bits

	MCS
	4 bits
	5bits

	HARQ processes
	2 bits
	4 bits

	NDI
	1 bit
	1 bit

	RV
	0 bit
	2 bits

	TPC
	0 bit
	2 bits

	DMRS
	1 bit
	1 bit

	DAI
	0 bit
	4 bits

	SRS
	0 bit
	1 bit

	Unused sPDCCH
	2 bits
	2 bits

	sPUCCH indication
	0 bit
	2 bits

	Spare fields
	4 bits
	

	Total 
	20 bits
	30 bits

	Effective Code Rate
	0.5
	0.65


Table 1.  Description of fields and payload for compact DCI for LTE HRLLC and DCI7-1A format
[bookmark: _Ref481671177]Aggregation of CCEs 
The compact DCI is mapped to one CCE = 4 REGs = 36 Res. The compact DCI for LTE HRLLC and Rel-15 DCI format 7-1A were simulated for 2/3 symbol sTTI with Space Frequency Block Coding (SFBC) 2Tx-2Rx in EPA 5Hz channel as shown in Figure 1. 
· The compact DCI has about 1.6 dB SNR gain compare to DCI 7-1A with 1 CCE. The SNR gain is provided by the lower effective code rate of the compact DCI with 0.5 compare to 0.65 for the DCI 7-1A format.
· The compact DCI for LTE HRLLC with aggregation of 16 CCEs can meet the BLER target of 10-5 at an SNR of -2 dB. 
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Figure 1. sPDCCH BLER performance 

Observation 3: compact DCI for LTE HRLLC with aggregation of 16 CCEs can meet the BLER target of 10-5 at an SNR of -1.8 dB.
Aggregation level 16 with compact DCI with SFBC 2Tx-2Rx is sufficient to achieve reliability requirements of LTE HRLLC. The BLER target of 10-5 is met at SNR = -2 dB, which seems consistent with the 5%-tile DL SNR CDF of -2.6 dB agreed in [2]. With 4Tx-2Rx SFBC, the BLER target can be met at lower SNR than -2 dB. Transmission of PDCCH with 2Tx-2Rx or 4Tx-2Rx with SFBC is supported in the specifications. It seems not necessary to specify new diversity schemes for enhancements.  
Proposal 2: Aggregation of up to 16 CCEs with compact DCI of about 20 bits is used for LTE HRLLC.
Proposal 3: Existing diversity scheme supported in Transmission Mode 2 for LTE HRLLC DL control is baseline.

DL Control False Alarm  
The DL control false alarm for 2-symbol sTTI is 6 * 1/216 ≈ 10-4 and for 7-symbol slot it is 12 * 1/216 ≈ 2x10-4. It is likely to have an impact on LTE HRLLC reliability as the BLER target of 10-5 is lower by an order of magnitude.   
On uplink, UE may transmit erroneously an UL data packet if there is DL control false alarm. The eNB knows UL Tx is erroneous since no UL grant.
On downlink, corruption of HARQ soft buffer may occur if there is DL control false alarm. Corruption of HARQ soft buffer can be avoided if DL assignment for (re)-transmission does not match DL assignment for previous (re)-HARQ transmission. More significant impact may be if DL control false alarm mask a valid DL assignment, which may result in DL control false alarm probability upper bound for reliability.
Observation 5: DL control false alarm probability is an order of magnitude lower than LTE HRLLC reliability, and results in an upper bound for LTE HRLLC reliability.

A larger than 16-bit CRC increases effective code rate for sDCI with lower relability for sDCI detection. For example, with a 24-bit CRC the DL control false alarm is of the order of 10-7.  The compact DCI has now an effective code rate of 0.61 = (20 bits+24 bits CRC)*3/(36 REs*2 bits)*1/3. Another drawback is that the 16-bit CRC is scrambled with 16-bit RNTI. If use 24 bits for CRS, there is mismatch.  
Observation 6: Increasing CRC size reduces DL control false alarm, but will lead to a higher effective code rate for new compact DCI for URLLC. 
Proposal 4: Greater than 16-bit CRC for sPDCCH and sPUSCH in 2/3-symbol sTTI can be studied – size of CRC is FFS.

Conclusion
In this contribution, we further discussed aspects of LTE HRLLC data channel enhancements. The following observations and proposals were made.
Observation 1: Compact DCI format for HRLLC with reduced size compare to DCI7-1A format allows lower ECR after CRC addition, channel coding, and rate matching
Observation 2: compact DCI format for URLLC with size 20 bits as an effective code rate 0.50 compare to DCI7-1A which has an effective code rate of 0.65.   
[bookmark: _GoBack]Proposal 1: Compact DCI format with 20 bits is used for LTE HRLLC.
Observation 3: compact DCI for LTE HRLLC with aggregation of 16 CCEs can meet the BLER target of 10-5 at an SNR of -1.8 dB.
Proposal 2: Aggregation of up to 16 CCEs with compact DCI of about 20 bits is used for URLLC.
Proposal 3: Existing diversity scheme supported in Transmission Mode 2 for LTE HRLLC DL control is baseline.
Observation 4: Increasing CRC size to 24 bits may reduce DL control false alarm, but will lead to a higher effective code rate for new compact DCI for URLLC. 
Observation 5: DL control false alarm probability is an order of magnitude lower than LTE HRLLC reliability, and results in an upper bound for LTE HRLLC reliability.
Observation 6: Increasing CRC size reduces DL control false alarm, but will lead to a higher effective code rate for new compact DCI for URLLC. 
Proposal 4: Greater than 16-bit CRC for sPDCCH and sPUSCH in 2/3-symbol sTTI can be studied – size of CRC is FFS.
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