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Introduction
RAN1#92 summarized agreements for DL data for LTE HRLLC in LS to RAN2 [1] as follows.
One or more of the following solutions for DL data are needed for URLLC operation 
· blind/HARQ-less PDSCH repetition in different TTIs
· Consider the following variants
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· Variant 3: independent PDSCH assignment for each PDSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)
· Study if and how PDSCH repetition can be combined with TTI level FH. 
· URLLC PDSCH MCS design/operation
· Consider the need for URLLC PDSCH MCS design considering other candidate techniques such as blind/HARQ-less PDSCH repetition as well as the compact DCI design.
· Study the following aspects
· the MCS range for URLLC operation e.g. support of lower MCS, maximum supported MCS
· Combination of MCS with other information e.g. RV, number of repetitions
· URLLC related CQI enhancements
· Consider CQI definition
· lower target BLER(s) for URLLC CQI/CSI
· the CQI relation with lower PDSCH MCS and/or PDSCH repetition.
· Consider CQI reporting enhancements 
· Note: The need for preemption techniques can also be discussed
The work item supports blind/HARQ-less repetition for PDSCH in different TTIs.
FFS: Details among the four identified variants and including UE capability
Conclusion:
The impact of blind/HARQ-less PDSCH repetitions on RAN1 specification is at least:
· clarification that a retransmission can occur back to back with the initial TB transmission 
· UE capability and RRC configuration to enable repetitions
· Possible optimization on how to handle HARQ feedback
· Indication to the UE that the repetitions are applied via DCI or RRC configuration

The LTE HRLLC scope prioritization was endorsed in RAN Plenary 79 in [2]. This includes DL-SCH aspects as follows
Blind/HARQ-less repetition for scheduled DL-SCH operation (RAN1 led)
· Finalise details of RAN1 agreement to support blind/HARQ-less PDSCH repetition.
· Using legacy (S/E)PDCCH, (S)PUCCH formats (if applicable); any discussion of potential DCI modifications is limited to support of blind/HARQ-less repetition
· All four variants (as identified in RAN1#92) are valid for further discussion.


This contribution aims to further discuss solutions for Blind/HARQ-less repetitions for scheduled DL-SCH based on RAN Plenary 79 prioritization as listed above.

Repetition factor for PDSCH 
There are 4 variants considered for blind/HARQ-less PDSCH repetition in different TTIs. Table 1 summarize aspects for each variant.
· Variant 1: dynamic indication of the PDSCH repetition factor in DCI
· Variant 2: semi-static configuration of the PDSCH repetition factor over RRC
· Variant 3: independent PDSCH assignment for each PDSCH transmission
· Variant 4: combination of semi-static and dynamic indication (combination of variants 1 and 2)

	Variant
	#1
	#2
	#3
	#4

	Re-use legacy sPDCCH
	Χ
	Χ
	Ѵ
	Χ

	eNB scheduler flexibility
	Χ
	Χ
	Ѵ
	Χ

	Impact on specifications
	Χ
	Χ
	Ѵ
	Χ


Table 1: Summary of 4 variants for blind/HARQ-less PDSCH repetition

Independent PDSCH assignment (Variant 3) can already be supported in specifications. The rel-15 sDCI7 formats can be reused. The UE can implicitly know eNB scheduler schedules a repetition if (i) the HARQ process ID is kept the same and (ii) the New Data Indicator (NDI) is not toggled. It is up to the eNB how many repetitions it needs to schedule. 
The other variants have none of the advantages listed for variant 3 in Table 1. Although variant #1 allows dynamic indication of the PDSCH repetition factor in DCI, it does not improves flexibility of the scheduler compare to variant #3 as (i) Intermittent and short URLLC transmissions makes use of CSI feedback to optimize repetition level unpractical.; (ii) eNB scheduler cannot stop repetitions as HARQ A/N feedback latency is too slow and can only practically arrive at the eNB after all repetitions are transmitted [3].  
Observation 1: Independent PDSCH assignment (variant 3) allow to (i) re-use legacy sPDCCH; (ii) provide eNB scheduler flexibility; (iii) no impact on specifications. 
Observation 2: The UE can implicitly know eNB scheduler schedules a repetition if (i) the HARQ process ID is kept the same and (ii) the New Data Indicator (NDI) is not toggled.
Proposal 1: Adopt independent PDSCH assignment for blind/HARQ-less PDSCH repetition in different TTIs.

[bookmark: _Ref481671177]Multiple PDCCH/sPDCCH for URLLC operation
Single (one shot) sPDSCH assignment or multiple (independent) sPDSCH assignment for blind repetition of sPDSCH for 2/3 OS minislot are illustrated in Figure 1. 
· One-shot sPDSCH assignment must be received with BLER < 10-5 otherwise sPDSCH transmission and subsequent blind repetitions are lost.  
· Independent sPDSCH assignment can be detected with a lower residual BLER of about 10-3 with K=2 or 10-2 with K=3 (one transmission and one or two repetitions of sPDSCH respectively). 
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Figure 1 PDSCH assignment for blind PDSCH repetitions

An sPDSCH assignment can be missed as long as at least on sPDSCH assignment is detected and associated sPDSCH is also detected. The BLER for blind repetitions of sPDSCH taking into account residual BLER of sPDCCH and sPDSCH can be expressed as


Where,
Eci: residual BLERsPDCCH ith repetition
Edi: residual BLERsPDSCH ith repetition

The expression above assumes no soft combining of sPDCCH. This has simpler buffering operations. The residual BLER values required to meet the LTE URLLC reliability requirements for data and control are shown in Table 2. Using the formula above, the BLER target of 10-5 can be achieved with residual BLER for sPDCCH and sPDSCH several orders of magnitude lower. 
Observation 2: Independent sPDSCH assignment with residual BLER values of 10-3 for sPDCCH and sPDSCH allow to meet reliability requirements with sPDSCH blind repetitions with K=2
Proposal 2: Use independent sPDSCH assignment with residual BLER < 10-5 for sPDCCH and sPDSCH to meet reliability requirements with sPDSCH blind repetitions.

	K
	Residual BLER
	BLER

	2
	10-3 
	2. 10-6 

	3
	10-2 
	8. 10-6 


Table 2 BLER with independent sPDSCH assignment

Aggregation of CCEs 
The Q-value (5th percentile SINR) adopted for DL SINR for LTE HRLLC agreed in RAN1 is Q=-2.6 dB. The sDCI format 7-1A was simulated according to parameters shown in Table 7 in the Appendix. We use sCCE mapping  with one sCCE = 4 sREGs = 48 REs.
· sDCI7 with 8 sCCEs can meet BLER=10-5 at SNR=-2.4 dB
· sDCI7 with , and achieve residual BLER=10-3 at SNR=-4.7 dB.  
Table 3 and 4 show the residual BLER and BLER performance for K=1 and K=2 repetitions respectively. sDCI7 with 8 sCCEs cannot achieve BLER = 10-5 at Q value of -2.6 dB with K=1 (no repetition).  However, residual BLER=10-3 can be achieved at SNR = -4.7 dB, which is sufficient to meet BLER=10-5 with independent sPDSCH assignments for K>1 blind sPDSCH repetitions.  Assuming independent sPDSCH assignments with blind repetitions of sPDSCH with K>1 and sCCE aggregation no greater than 8, re-use of sDCI7 is a viable option to meet reliability target. 
Observation 3: sDCI7 with 8 sCCEs achieve residual BLER = 10-3 at SNR < -2.6 dB, which is sufficient to meet BLER=10-5 with independent sPDSCH assignments for K>1 blind sPDSCH repetitions.   
Proposal 3: Aggregation of no greater than 8 sCCEs is used for LTE HRLLC.

	Residual BLER
	10-2 
	10-3 
	10-5 

	sDCI7-1A, K=1
	-6.3
	-4.7
	-2.4


Table 3 Required SNR to achieve residual BLER for each kth repetition

	BLER
	10-2 
	10-3 
	10-5 

	sDCI7-1A, K=2
	-11.2
	-7.6
	-5.2


Table 4 Required SNR to achieve BLER after K=2 repetitions
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Figure 2. sPDCCH BLER performance 

Lower MCS0 for DL-SCH
sPDSCH for a 2-symbol sTTI was simulated according to parameters shown in Table 8 in the Appendix. We use 32 byte data payload, 24-bit CRC, sPDCCH overhead with 8 sCCE (16 RBs). We set SNR = -3.8 dB.
· MCS0: 100 RBs (K=1) or 50 RBs (K=2), code rate=0.069
· MCS3: 55 RBs (K=1) or 28 RBs (K=2), code rate = 0.149

In 1 ms TTI, MCS0 with TBS 32 bytes including 24-bit CRC requires 10 RBs. Applying PRB scaling factor of 6, at least 60 RBs will be needed to support TBS of 32 bytes, or 72 RBs including sPDCCH overhead. In the simulations, we used full resource allocation for MCS0 with K=1 (i.e. 100 RBs including sPDCCH overhead of 16 RBs).  This is ideal case assuming no other overhead (PSS/SSS, CRS, CSI-RS, etc..) 

Table 5 and 6 show the residual BLER and BLER performance for K=1 and K=2 repetitions respectively. MCS3 can achieve residual BLER = 10-3 at Q value of -2.6 dB with K=1 (no repetition).  MCS0 can achieve BLER = 10-5 at SNR=-3.8 dB with K=2. 
MCS0 with code rate = 0.069 gives a spectral efficiency of 0.138. This is lower than the minimum spectral efficiency of 0.1523 corresponding to CQI index = 1 in LTE 64QAM CQI Table 7.2.3-1in TS 36.213.  
Approximating each kth repetition of MCS0 with K=2 with MCS3 with code rate 0.149 with K=1, confirm BLER = 10-5 at below Q value of -2.6 dB can be achieved with allocation in the order of 50 RBs per repetition. MCS3 with K=1 gives a spectral efficiency of 0.298 corresponding to CQI Index 2 in LTE 64QAM CQI Table.
Observation 4: MCS0 can achieve BLER = 10-5 at SNR=-3.8 dB with K=2 and an allocation in the order of 50 RBs per repetition.   
Proposal 4: MCS0 with an allocation in the order of 50 RBs per repetition can achieve reliability target with independent sPDSCH assignments for K=2 blind sPDSCH repetitions.

	BLER
	10-2 
	10-3 
	10-5 

	MCS3, K=1
	-3.7
	-2.6
	-0.8


Table 4 Required SNR to achieve residual BLER

	BLER
	10-2 
	10-3 
	10-5 

	MCS0, K=2
	-6.8
	-5.6
	-3.8


Table 4 Required SNR to achieve residual BLER
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Figure 3. sPDSCH BLER performance 

DL Control False Alarm  
The DL control false alarm for 2-symbol sTTI is 6 * 1/216 ≈ 10-4. Assuming independent sPDSCH assignment for K>1 blind sPDSCH repetitions, the false alarm probability is an order of magnitude lower than the residual BLER=10-3. There is no need to have a larger than 16 bits CRC.
Observation 5: DL control false alarm probability is an order of magnitude lower than the residual BLER=10-3 assuming independent sPDSCH assignment for K>1 blind sPDSCH repetitions.
Proposal 5: 16-bit CRC is used for sPDCCH in LTE HRLLC

Conclusion
In this contribution, we further discussed aspects of LTE HRLLC DL-SCH. The following observations and proposals were made.
Observation 1: Independent PDSCH assignment (variant 3) allow to (i) re-use legacy sPDCCH; (ii) provide eNB scheduler flexibility; (iii) no impact on specifications. 
Observation 2: The UE can implicitly know eNB scheduler schedules a repetition if (i) the HARQ process ID is kept the same and (ii) the New Data Indicator (NDI) is not toggled.
Proposal 1: Adopt independent PDSCH assignment for blind/HARQ-less PDSCH repetition in different TTIs.
Observation 2: Independent sPDSCH assignment with residual BLER values of 10-3 for sPDCCH and sPDSCH allow to meet reliability requirements with sPDSCH blind repetitions with K=2
Proposal 2: Use independent sPDSCH assignment with residual BLER < 10-5 for sPDCCH and sPDSCH to meet reliability requirements with sPDSCH blind repetitions.
Observation 3: sDCI7 with 8 sCCEs achieve residual BLER = 10-3 at SNR < -2.6 dB, which is sufficient to meet BLER=10-5 with independent sPDSCH assignments for K>1 blind sPDSCH repetitions.   
Proposal 3: Aggregation of no greater than 8 sCCEs is used for LTE HRLLC.
Observation 4: MCS0 can achieve BLER = 10-5 at SNR=-3.8 dB with K=2 and an allocation in the order of 50 RBs per repetition.   
Proposal 4: MCS0 with an allocation in the order of 50 RBs per repetition can achieve reliability target with independent sPDSCH assignments for K=2 blind sPDSCH repetitions.
Observation 5: DL control false alarm probability is an order of magnitude lower than the residual BLER=10-3 assuming independent sPDSCH assignment for K>1 blind sPDSCH repetitions.
Proposal 5: 16-bit CRC is used for sPDCCH in LTE HRLLC
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Appendix

	Parameters
	Assumptions

	Channel model
	TDL-C

	Delay spread
	363ns

	UE speed
	3kmph

	Modulation mode
	QPSK

	Antenna configuration
	2Tx-2Rx 

	Channel estimation
	Ideal

	CP type
	Normal CP

	DCI Format
	Compact (36 bits incl. 16-bit CRC)
, Format 7-1A  (50-bit incl. 16-bit CRC)

	sCCE aggregation
	8, 16

	OFDM Symbols  for PDCCH
	2


Table 7 sPDCCH simulation parameters

	Parameters
	Assumptions

	Channel model
	TDL-C

	Delay spread
	363ns

	UE speed
	3kmph

	Modulation mode
	QPSK

	Antenna configuration
	2Tx-2Rx 

	Channel estimation
	Ideal

	CP type
	Normal CP

	MCS
	32 byte data payload, 24-bit CRC
MCS0 (100 RBs, code rate=0.069)
MCS 3 (55 RBs, code rate = 0.149)

	sPDCCH overhead
	8 sCCE (16 RBs)

	OFDM Symbols  for PDCCH
	2


Table 8 sPDSCH simulation parameters
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