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Introduction
The ITU target for reliability in IMT 2020 has been set to 10-5 error within 1ms for a 32B packet [1]. In this paper, we show that LTE Rel-15 can fulfill this requirement.
[bookmark: _Ref178064866]Discussion 
LTE URLLC has been extensively studied within the scope of a Rel-15 WI [2], and results from this WI are referred to in this paper. It should be noted that the evaluation parameters of the WI (see 5.1) do not exactly follow those specified by ITU but are close enough for a first reasonable assessment. The methodology used to evaluate the reliability also followed the ITU recipe, and the agreed SINR Q-values for evaluation of the error rate were found in the LTE WI to be as in Table 1.
[bookmark: _Ref521665204]Table 1. Agreed SINR Q-values for LTE Reliability evaluation
	
	Q [dB]

	DL SINR
	-2.6

	PUSCH
	2.5

	Subframe-PUCCH
	-4.1

	Slot-PUCCH
	-2.8

	Subslot-PUCCH
	-1.7



[bookmark: _Toc509587768][bookmark: _Toc510645898]PDSCH repetition
[bookmark: _Hlk505935023]Number of allowed PDSCH repetitions
In a companion paper [3] we study the latency in LTE. From the results there we can conclude that the available options for fulfilling the 1ms target is up to 3 repetitions of subslot PDSCH (K=3). Having multiple PDSCH repetitions is beneficial to lower the BLER, and in fact also necessary to meet the 10-5 BLER requirement if MCS lower than MCS0 is not considered.
PDSCH repetition with the impact of SPDCCH
Figure 3 shows BLER for 2 repetitions (K=2) of PDSCH when having independent PDSCH assignments, and when the PDSCH is dependent on successful SPDCCH decoding. The PDSCH checks in any of these cases that:
· Both control and data in the first subslot check; 
· Both control and data in the second subslot check; 
· Control check in both subslots, and the soft combination of data in both subslots checks
The resulting performance does not fully meet the target of 1e-5 BLER at -2.6 dB (green line for PDSCH dependent on +0dB SPDCCH). As can be seen in Figure 3, SPDCCH performance is limiting the BLER of the PDSCH repetition (compare blue line with dotted green line). So, some additional measures need to be taken for K=2. One way is to power-boost the SPDCCH. This does not require any specification change. Two additional curves in the figure show power-boosting of +1 or +2 dB, respectively. We see that with +1 dB power boosting of SPDCCH, the target is reached. 

[image: H:\old svn stuff\Working Areas\RAN1_92bis Sanya\Contributions_LTE\URLLC\DL sim figures\spdsch_r1_92bis_v5_paper_results_pdsch_variant3.png]
[bookmark: _Ref510650598]Figure 3. PDSCH BLER of two TB repetitions (of subslots 2 and 3), scheduled with individual SPDCCH. 
MCS 0 with RA0. TDL-C channel 363ns 30km/h. 56 bits SPDCCH incl CRC, AL8.
Blue line shows plain PDSCH BLER, whereas other three lines show BLER where PDSCH is dependent on successful SPDCCH decoding, for SPDCCH power boosting of 0, +1, or +2 dB.
Figure 4 shows the PDSCH BLER when two repetitions are scheduled by the same PDSCH, for the limiting case described above when the SPDCCH assignment is in a 3os subslot with CRS OH, and a 2os subslot with only data. Compared to Figure 3, the PDSCH BLER independent on SPDCCH is here lower, due to the lower code rate with 3os+2os subslots. However, the SPDCCH performance in the single assignments is a limiting factor. In this simulation, the PDSCH checks if the single SPDCCH checks, as well as the soft combination of the two subslots. Here, we see that more than +1 dB power boosting is needed, with +2 dB meeting the target.
[bookmark: _Toc510655923][bookmark: _Toc510685200][bookmark: _Toc510811318][bookmark: _Toc521654630][bookmark: _Toc521655855]The reliability target of achieving 1e-5 BLER @-2.6dB in DL can be reached with K=2 Repetition of subslot PDSCH using 1 dB power boosting of sPDCCH.
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[bookmark: _Ref510651630]Figure 4. PDSCH BLER of two TB repetitions, scheduled with single SPDCCH. 
MCS 0 with RA0. TDL-C channel 363ns 30km/h. 56 bits SPDCCH incl CRC, AL8.
Blue line shows plain PDSCH BLER, whereas other three lines show BLER where PDSCH is dependent on successful SPDCCH decoding, for SPDCCH power boosting of 0, +1, or +2 dB.
PUSCH repetition for SPS UL
Same as for DL, in [3] we study the UL latency. From the results there we can conclude that the available options for fulfilling the 1ms target is 3 repetitions of subslot PUSCH (K=3) with SPS configured for consecutive transmissions starting in any subslot.
Once SPS is configured and activated for a UE, PDCCH reliability is not a factor for the total UL data reliability, and we can focus on PUSCH. 
To evaluate the reliability and latency the link-level performance of subslot PUSCH has been studied. The most challenging scenario among the agreed ones was found to be TDL-C 363ns delay spread and 3km/h UE speed. Figure 5 shows the results of 2-os length subslot PUSCH for the TDL-C 363 ns channel and with MCS1. Simulation assumptions are listed in the Annex.
[bookmark: _Hlk513546358]We see that 1e-5 BLER @2.5dB target can be reached even with a one round of transmission. The simulation results also show that with two number of transmission (K=2), the BLER performance improves considerably. For the latency point of view, two HARQ-less transmission require less than 1 ms (=14os) time budget, considering 2os for each of TX and RX processing and 1os for alignment. 
Observation 1 [bookmark: _Toc513554836][bookmark: _Toc513619776][bookmark: _Toc513622446][bookmark: _Toc513622501][bookmark: _Toc513808833][bookmark: _Toc513810158]K=2 repetition of subslot PUSCH provides the proper margin for the reliability target of achieving 1e-5 BLER @2.5dB in UL.
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[bookmark: _Ref513542119]Figure 5. BLER performance of subslot transmission with sTTI length=2 and repetition in TDL-C 3km/h, for MCS 1.
Conclusion
In section 2 we made the following observations:
Observation 1	The reliability target of achieving 1e-5 BLER @-2.6dB in DL can be reached with K=2 Repetition of subslot PDSCH using 1 dB power boosting of sPDCCH.
Observation 2	K=2 repetition of subslot PUSCH provides the proper margin for the reliability target of achieving 1e-5 BLER @2.5dB in UL.

Based on the observations above we can conclude the following:
Observation 3	The ITU reliability requirement can be reached in LTE.
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Annex 
System simulation parameters
The agreed system simulation targets to be used for Q-value derivation are given in Table 2.
[bookmark: _Ref521673662]Table 2. Agreed system simulation parameters
	Parameter
	Value

	Channel model
	Following URLLC B UMa B in “ITU IMT2020 Eval”

	Carrier frequency for evaluation
	700 MHz

	Inter-site distance
	500 m

	UE power class
	23 dBm

	BS antenna height
	25 m

	BS antenna down tilt
	8 deg.

	Inter-site interference modelling
	Explicitly modelled

	BS noise figure
	5 dB

	BS antenna element gain
	8 dBi

	UE noise level
	9 dB

	UE antenna element gain
	0 dBi

	Thermal noise level
	-174 dBm/Hz

	UE antenna height
	1.5 m

	Traffic model     
	Full buffer (Note: it is for SINR CDF distribution derivation)

	Number of URLLC UEs/TRxP
	10 for SINR CDF distribution derivation

	URLLC UE location
	80% outdoor,
20% indoor (100% low loss buildings)

	Total transmit power per TRxP
	49 dBm for 20 MHz bandwidth
46 dBm for 10 MHz bandwidth

	Simulation bandwidth
	20 MHz

	UL PUSCH power control parameters
	α=1.0, P0,PUSCH=-106 (suggested value for UL SINR CDF distribution derivation and calibration)
Other values are not precluded. If other values are used, it shall be reported.

	UL PUCCH power control parameters
	P0, subframe-PUCCH = -116
P0, slot-SPUCCH         = -113
P0, subslot-SPUCCH   = -108
(suggested value for UL SINR CDF distribution derivation and calibration)

	Bandwidth allocation
	PUSCH: FFS
PUCCH: 1 RB (To get a full load SINR for PUCCH, the same mutual interferers as for PUSCH are assumed but on a bandwidth of 1 RB)

	Number of antenna elements per TRxP
	16 Tx/Rx, (M,N,P,Mg,Ng) = (8,1,2,1,1), 
(dH,dV) = (N/A, 0.8)λ

	Number of TXRU per TRxP
	2TXRU, =(Mp,Np,P,Mg,Ng) = (1,1,2,1,1)

	Handover margin (dB)
	0 (i.e., the strongest cell is selected)

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0



Link simulation assumptions
The simulation parameters used for link level evaluation of error rate at Q-value are given in Table 3.
[bookmark: _Ref506284825]Table 3. Link simulation parameters
	Carrier frequency
	700 MHz

	Bandwidth
	20 MHz (100 RB)

	Channel
	TDL-C 363ns, 30 km/h (seen in simulations to be slightly more limiting than 3 km/h)

	TTI length
	subslot (CFI=3)

	MCS
	32 bytes data payload
MCS 0  for Downlink, MCS 1 for Uplink.

	PUSCH Resource allocation
	“RA0-like”, placing in groups of RGB/SRBG, last group may have fewer RB since allocations above are not multiples of RBG/SRBG

	Transmission mode
	2TX for Downlink, 1TX for Uplink, 2RX, 1-layer TX diversity

	Channel estimation
	CRS, practical

	SPDCCH overhead
	8 SCCE in total over bandwidth (about 32% of data allocation in first symbol has overlapping SPDCCH)

	Transmissions
	2 (Automatic repetitions without HARQ). RV0 used for both transmissions.

	SPDCCH format
	AL8, (40 bits payload + 16 bits CRC)
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