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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].
· Increased redundancy through blind/HARQ-less repetition/TTI-aggregation (i.e. temporal diversity)
· Increased redundancy through lower MCS
· Increased spatial/frequency diversity for PDSCH
· Re-transmission enhancements (incl. adaptive HARQ, drop HARQ if out of latency bound, re-tx earlier than given by the HARQ-Ack timing)
· CSI enhancements (i.e. CSI for lower BLER beside others)
· CBG-based URLLC LTE operation
· Early termination techniques
· 1-symbol PDSCH repeated within subslot sTTI

The following Q-values (5th percentile SINR) is adopted for URLLC for LTE were agreed in in a RAN1 [91-LTE-9] email discussion [2].

	
	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.

Lower MCS for LTE HRLLC
Lower MCS for LTE HRLLC to meet higher BLER target of 10-5 can be achieved by lowering effective code rate of the transmitted packet with repetitions. The repetitions can be done in the time domain or the frequency domain. In order to avoid significant change to CQI tracking algorithms and CQI reporting by the device, it is preferable to use TBS scaling for sPUSCH and sPDSCH without change to LTE TBS table.
TBS scaling is already specified for sPUSCH and sPDSCH in Rel-15 sTTI. The value of the legacy TBS is scaled according to TBS*α with the resulting TBS rounded off to the closest valid TBS, where α=1/6 for 2/3 symbol sTTI and 0.5 for 1-slot sTTI.
Figure 1 shows BLER performance in AWGN. MCS Index 0 corresponds to SNR=-11.7, MCS Index 1 to SNR = -10.7, MCS 2 to SNR=-9.7, and so on. Note that the value of the code rate achieving 10-1 BLER target is about 1.5 times higher than the code rate achieving 10-5 BLER target under the same SNR. For example, at SNR=-11.7 dB, code rate r=0.052 achieves 10-1 BLER and code rate r=0.033 achieves 10-5 BLER, where r=0.033 can be realized with about 1.5 times repetitions compare to r=0.052. The AWGN BLER curves shown in Figure 1 suggest that 1.5 repetitions will be needed to achieve 10-5 target at the same SNR. Simulations run with EPA channel at 5 Hz with 2Tx-2Rx and SFBC transmission showed that about 3 repetitions are needed.  The value of scaling factor α’ can be chosen in range [1/3 – 2/3].
TBS scaling can be extended for sPUSCH and sPDSCH in LTE HRLLC with 10-5  BLER target as follows
· Step 1
· Scale number of resource blocks in LTE TBS table with column = Max {NRB x α’, 1}, where  α’ has value in [1/3, 2/3] for scaling of TBS from 2-symbol sTTI with BLER=10-1 to 2-symbol sTTI  with BLER=10-5 . 
· Step 2
· Further scale number of resource blocks in LTE TBS table with column = Max {NRB x α, 1} with BLER target = 10-1, where α =1/6 for scaling of TBS from 2-symbol sTTI to 1 ms TTI.  
The overall TBS scaling factor after applying step 1 and step 2 is column = Max {NRB x α .α’, 1}
Proposal 1: The value of in the legacy TBS table is scaled according to TBS* α .α’ rounded off to the closest valid TBS, where α = 1/6  and α’ in a range [1/3, 2/3] for scaling of TBS from  1 ms TTI with BLER=10-1 to 2-symbol sTTI  with BLER=10-5 
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Figure 1: MCS BLER performance in AWGN

HARQ retransmissions and Blind Repetitions
It was discussed in previous section that repetitions will be needed to realize low effective code rates to achieve 10-5 BLER at low SNR conditions. Two ways are considered
HARQ re-transmissions:
Each HARQ-based transmissions and re-transmissions require feedback. Assuming 5 symbol alignment time (3-symbol sTTI and 2 symbol PDCCH), 1 transmission and 2 HARQ  re-transmissions with 2/3 symbol sTTI and 4*sTTI processing time at the device and at the eNB,  can have latency of about 4 ms. With 1 transmission and 1  HARQ re-transmission, the one-way latency can be around 2.5 ms. Several HARQ re-transmissions may be needed to achieve the reliability target.  
Observation 1: HARQ-based retransmission with FD-only repetitions to achieve lower MCS with 10-5 reliability is more suited to latency target of 3 ms to 5 ms.

Table 1 shows Bandwidth utilization for effective code rates for 2/3 symbol sTTI. Consider 1st transmission with code rate r=0.055 to meet 10-5 BLER target at SNR = -9.7 dB (MCS 2) in AWGN can be realized with 6 repetitions in frequency domain and rate matching in 2/3symbol sTTI. The number of PRB needed is 150 requiring about 27 MHz, which cannot fit into LTE maximum 20 MHz system bandwidth (CFI=2, CRS antenna port 0 and 1). Note that an effective code rate r=0.033 to meet 10-5 BLER target at SNR = -11.7 dB (MCS 0) can be achieved with 10 FD repetitions with approximately 45 MHz bandwidth.
Observation 2: FD-only repetitions to achieve lower MCS with 10-5 reliability with one-way 1 ms latency target requires greater than 20 MHz system bandwidth.
	ECR
	Num repetitions in Frequency
	NPRB
	NRE
	BW [MHz]

	0.333
	1
	25 
	598
	4.48

	0.166
	2
	50
	1196
	8.96

	0.111
	3
	75
	1792
	13.45

	0.083
	4
	100
	2392
	17.92

	0.067
	5
	125
	2990
	22.40

	0.055
	6
	150
	3588
	26.88

	0.047
	7
	175
	4186
	31.36

	0.041
	8
	200
	4784
	35.84

	0.037
	9
	225
	5382
	40.32

	0.033
	10
	250
	5980
	44.80



Table 1 Bandwidth utilization for effective code rates for 2/3 symbol sTTI

HARQ-less repetition or Blind repetitions:
Blind repetition has lower latency than HARQ-based re-transmissions as each blind repetition does not require feedback. Assuming 5 symbol alignment time (3-symbol sTTI and 2 symbol PDCCH), 1 transmission and 2 repetitions with 2/3 symbol sTTI with 4*sTTI processing time at the eNB to send Ack, can have one-way  latency of around 1.4 ms. With only one transmission, the 1 ms latency target can be met. 
The example effective code rate r=0.052 can be achieved with 1 transmission and 2 consecutive blind repetitions with 2 repetitions in frequency domain and rate matching with 2/3symbol sTTI with NPRB=50. This requires approximately 9 MHz bandwidth, which can fit a 10 MHz LTE system bandwidth. 
Observation 3: HARQ-less retransmissions with blind FD-repetitions and TD repetitions to achieve lower MCS with 10-5 reliability and one-way 1 ms latency target can fit 20 MHz system bandwidth.

CQI Enhancements for LTE HRLLC  
The legacy CQI table specified in [3, Table 7.2.3.1] assumes a BLER target of 10% for HARQ operations. A 2 dB SNR step between adjacent CQI index entries in the legacy CQI table is used. At low SNR corresponding to CQI index 1 and 2, it is necessary to operate at a lower effective code rate with a reduced efficiency to meet the 10-5 BLER target. The CQI index 2 to 15 can be the same as CQI Index 1-13 in legacy CQI table. The 2 highest CQI index 14 and 15 in the legacy CQI table are removed. This is shown in Table 1 below with the new lowest entries highlighted in yellow. 
A CDF of CQI index obtained using a System Level Simulator (SLS) is shown in Figure 2. The SLS evaluation parameters are summarized in the Appendix. The SLS simulator use SNR thresholds for CQI determination obtained from a Link Level Simulator (LLS). The highest CQI index values are not selected as would require a very high SNR not experienced by most UEs at any given time. CQI index values of 8 or greater have a probability to be reported by the UE lower than 5% for LTE HRLLC. The CQI Index values saturate at CQI Index 10. The CQI table for 10-5 BLER target can be truncated to only include the lowest CQI index 1 to 7. The highest CQI index 8-15 highlighted in the Table 2 are removed. A 3-bit CQI table for LTE HRLLC is sufficient to report likely CQI index values.
Proposal 2: CQI table with 8 entries (3 bits) for new BLER target in LTE HRLLC.
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Figure 2. CDF of CQI index reported by the UE
	CQI Index
	Modulation
	Code rate x 1024
	efficiency

	0
	Out of Range

	1
	QPSK
	32
	0.066

	2
	QPSK
	50
	0.104

	3
	QPSK
	78
	0.1523

	4
	QPSK
	120
	0.2344

	5
	QPSK
	193
	0.3770

	6
	QPSK
	308
	0.6016

	7
	QPSK
	449
	0.8770

	8
	QPSK
	602
	1.1758

	9
	16QAM
	378
	1.4766

	10
	16QAM
	490
	1.9141

	11
	16QAM
	616
	2.4063

	12
	64QAM
	466
	2.7305

	13
	64QAM
	567
	3.3223

	14
	64QAM
	666
	3.9023

	15
	64QAM
	772
	4.5234



Table 2: CQI table for LTE HRLLLC with BLER target 10-5.
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The CQI index entries in legacy CQI Table correspond to a subset of the legacy MCS Table in [3, Table 7.1.7.1-1] with 32 entries. A 1 dB SNR step between adjacent MCS Index entries in the legacy MCS table is used. Assuming the LTE HRLLC CQI table has 8 entries and is a subset of the corresponding MCS table, there are 16 MCS Index entries as shown in Table 3. An MCS index field of 4 bits in HRLLC DCI is sufficient to indicate MCS Index. The 4 lowest MCS Index entries corresponding to the new lowest CQI index entries in Table 1 are highlighted in yellow.
Proposal 3: New MCS table with 16 entries (4 bits) for LTE HRLLC  

	MCS  Index
IMCS 
	Modulation Order
Qm
	TBS Index
ITBS
	efficiency

	0
	2
	0
	0.066

	1
	2
	1
	0.082

	2
	2
	2
	0.104

	3
	2
	3
	0.132

	4
	2
	4
	0.1523

	5
	2
	5
	0.1934

	6
	2
	6
	0.2344

	7
	2
	7
	0.3066

	8
	2
	8
	0.3770

	9
	2
	9
	0.4902

	10
	2
	10
	0.6016

	11
	2
	11
	0.8770

	12
	2
	12
	1.0273

	13
	2
	13
	1.1758

	14
	2
	14
	1.3262

	15
	2
	15
	1.3281



Table 3: MCS table for LTE HRLLLC with BLER target 10-5.

Conclusion
In this contribution, we further discussed aspects of LTE HRLLC data channel enhancements. The following observations and proposals were made.

Proposal 1: The value of in the legacy TBS table is scaled according to TBS* α .α’ rounded off to the closest valid TBS, where α = 1/6  and α’ in a range [1/3, 2/3] for scaling of TBS from  1 ms TTI with BLER=10-1 to 2-symbol sTTI  with BLER=10-5 
Observation 1: HARQ-based retransmission with FD-only repetitions to achieve lower MCS with 10-5 reliability is more suited to latency target of 3 ms to 5 ms.
Observation 2: FD-only repetitions to achieve lower MCS with 10-5 reliability with one-way 1 ms latency target requires greater than 20 MHz system bandwidth.
Observation 3: HARQ-less retransmissions with blind FD-repetitions and TD repetitions to achieve lower MCS with 10-5 reliability and one-way 1 ms latency target can fit 20 MHz system bandwidth.
Proposal 2: CQI table with 8 entries (3 bits) for new BLER target in LTE HRLLC.   
Proposal 3: new MCS table with 16 entries (4 bits) for LTE HRLLC  
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Appendix

SLS simulation parameters for CQI index CDF as shown on Figure 2.
	Parameters
	Values

	Carrier Frequency 
	700 MHz

	BW
	20MHz

	SCS
	15kHz

	gNB/UE Antennas
	2x4

	Tx Power 
	49dBm

	SNR Cell Edge 
	-5dB

	Inter-Site Distance
	500 m

	Number UEs
	1000

	Rx Packets per UE
	100

	Thermal Noise Level
	-174dBm/Hz

	UE location
	80% outdoor, 20% Indoor

	Number of cells
	24
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