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Introduction
RAN1#92bis made the following agreements
PDCCH indicates number of PDSCH transmissions associated with the PDCCH. PDCCH may or may not be transmitted with a PDSCH repetition. PDSCH transmissions can be soft combined after a PDCCH is successfully received
The number of transmissions, k, is the number of PDSCH transmissions associated with the PDCCH starting with the current TTI
-FFS: Values for k

FFS: What the UE does with PDCCHs received for the TB after a successfully received PDCCH within the repetition window

Supporting repetition based PDSCH reception is a UE capability. 
-FFS: Details of capabilities and how they are signalled.

The UE shall discard any PDSCH assignment for a (s)TTI in a serving cell with CRC scrambled with C-RNTI, if PDSCH by means of blind repetition is being received in that (s)TTI in the same serving cell.

Blind/HARQ-less PDSCH repetitions are enabled by RRC configuration. If configured, a single DCI format is used to schedule PDSCH with a given TTI length. There is a field in the DCI that indicates the number of PDSCH transmissions k associated with the DCI, where k >= 1. 
-FFS on DCI content

Working assumption: For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.

This contribution aims to further discuss solutions for Blind/HARQ-less repetitions for scheduled DL-SCH.

[bookmark: _Ref481671177]DCI indication for associated sPDSCH repetition 
The number of sPDSCH transmissions is dynamically indicated in DCI on associated PDCCH as shown on Figure 1. The sPDCCH may or may not be transmitted with a sPDSCH repetition. The eNB can indicate DCI on associated sPDCCH for each sPDSCH repetition or for the first few PDSCH repetitions. To make decision to transmit DCI for each PDSCH repetition, or for the first few PDSCH repetitions, the eNB can use similar mechanism as in LTE Release 8 PDCCH where the aggregation level is based on the CSI report. 
Proposal 1: eNB indicates DCI on associated sPDCCH for each sPDSCH repetitions or for the first few sPDSCH repetitions based on the CSI report.
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Figure 1 PDSCH repetition number indicated dynamically by PDCCH

The probability that the UE does not detect at least one DCI over multiple detection attempt of sPDCCH is lower than if DCI is only indicated once on associated sPDCCH. A lower residual BLER of about 10-3 with K=2 or 10-2 with K=3 for PDCCH detection is sufficient. It was shown in [1] that K=2 or 3 PDSCH repetitions can meet LTE HRLLC one-way User Plane latency requirement. 
An sPDSCH assignment can be missed if at least one sPDSCH assignment and an associated sPDSCH is detected. The upper bound for BLER for blind repetitions of sPDSCH taking into account residual BLER of sPDCCH can be expressed as


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

The upper bound 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 1. The BLER target of 10-5 can be achieved with residual BLER for sPDCCH and sPDSCH several orders of magnitude lower. 
Proposal 2: The value of k, the number of PDSCH transmissions associated with the PDCCH starting with the current TTI, is 2 or 3.

	K
	Residual BLER
	BLER

	2
	10-3 
	4. 10-6 

	3
	10-2 
	8. 10-6 


Table 1 BLER with independent sPDSCH assignment

The Q-value (5th percentile SINR) adopted for DL SINR is Q=-2.6 dB. The sDCI format 7-1A was simulated as shown on Figure 2. The simulation parameters are given in Table 7 in the Appendix. The BLER is computed over K repetitions. PDCCH is successfully detected if at least one PDCCH is detected successfully over the K repetition window. We use sCCE mapping with one sCCE = 4 sREGs = 48 REs. The case with sPDCCH with K=2 repetitions using soft combining was also simulated.   
· sDCI7 with 8 sCCEs and K=2 can meet BLER=10-5 at SNR=-3.6 dB
· sDCI7 with 8 sCCEs and K=3 can meet BLER=10-5 at SNR=-4.4 dB.  

Observation 1: sDCI7 with 8 sCCEs with K=2 and 3 can meet BLER=10-5 at -3.6 and -4.4 dB respectively.  
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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).
· 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..) 
MCS3 can achieve BLER = 10-5 at Q value of -0.8 dB with K=1 (no repetition) and 55 RBs.  MCS0 can achieve BLER = 10-5 at SNR=-3.8 dB with K=2 repetitions and 50 RBs. 
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. MCS3 with K=1 gives a spectral efficiency of 0.298 corresponding to CQI Index 2 in LTE 64QAM CQI Table.
Observation 2: 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.   
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Figure 3. sPDSCH BLER performance 

Aspects of DL-SCH  
On successful detection of DCI on sPDCCH, the UE knows the number of repetitions for sPDCCH. For example if K=3 and DCI at the first PDSCH repetition is successfully detected, the UE knows the eNB will schedule K-1=2 following PDSCH repetitions. For PDCCH reliability, it is preferred that once a DCI on sPDCCH is successfully obtained, the resource allocation and transmission parameters for associated sPDSCH in current sTTI and following sTTIs are known. The UE does not need to detect the following sPDCCH within the repetition window. 
Proposal 3: The UE does not detect the sPDCCHs received for the TB after a successfully received PDCCH within the repetition window. Each PDSCH repetition is scheduled with the same resource allocation and transmission parameters.

The blind sPDSCH repetition assumes LLR buffering operations for sPDSCH combining based on (N+1*sTTIs) timing instead of (N+2*L*sTTIs) timing, where L can be in a range of 4 to 8 for 2/3-symbol sTTIs. The sPDSCH reception processing timing in LTE HRLLC is likely to involve significant design change in the UE.  The LTE HR LLC working Item was started late in Release 15. Although the scope of the working item was reduced to maximising the likelihood of completing the feature within release 15 timeframe, the impact of late specification on current Release-15 sTTI feature implementation cannot be under estimated. For these reasons, it is proposed that repetition based PDSCH reception is a UE capability.
Proposal 4: Supporting repetition based PDSCH reception is a UE capability.
· The details UE capabilities to support repetition based PDSCH and how UE capability is signalled can be discussed in RAN2.

In sDCI7-1A, 4 bits are used for the number of HARQ processes.  HARQ process with 2 bits is sufficient to support up to 4 TBs transmitted concurrently on DL-SCH. It is proposed to re-interpret 2 bits in HARQ process field to indicate the number of PDSCH transmissions k associated with the DCI, where k can be 1, 2, 3, or 4. 
Proposal 5: Re-interpret 2 bits in HARQ process field in sDCI7-1A format to indicate the number of PDSCH transmissions k associated with the DCI, where k can be 1, 2, 3, or 4

It is un-efficient for eNB to configure sPUCCH resource to allow UE to send HARQ A/N feedback after the first successful sPDSCH decoding within the repetition window. For example, assuming K=3, then the eNB will need to configures PUCCH resources for possible HARQ feedback following 1st , 2nd, and 3rd sPDSCH repetition. There is no gain from latency viewpoint, as a UE will need to assume the worst case for typical LTE HRLLC applications.
Proposal 6: Confirm the working assumption: For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.

We assume the same HARQ process over K blind repetitions and the New Data Indicator is only toggled when there is a new Transport Block (TB). The NDI is not toggled when there are re-transmissions of the same TB. Up to 4 HARQ processors can be configured for concurrent HRLLC TB transmissions. To ensure correct HARQ operations with blind repetitions, the other HARQ processes suspended during blind repetitions
· R15 sTTI N+L timeline  for HARQ feedback does not apply during blind repetitions
· Re-use sTTI N+L timeline for UL HARQ feedback after last repetition based on R1#92bis agreement
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Figure 4: Example of HARQ operations with K=3 blind PDSCH repetitions
Proposal 7: Other HARQ processes are suspended during blind repetitions

The DL control false alarm for 2-symbol sTTI is 6 * 1/216 ≈ 10-4. Assuming eNB can indicate DCI on associated sPDCCH for each sPDSCH repetition or for the first few PDSCH repetitions, with  K>1 blind sPDSCH repetitions the false alarm probability is at least an order of magnitude lower than the residual BLER=10-3. There is no need to have a larger than 16 bits CRC.
Observation 3: 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 8: 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.
Proposal 1: eNB indicates DCI on associated sPDCCH for each sPDSCH repetitions or for the first few sPDSCH repetitions based on the CSI report.
Proposal 2: The value of k, the number of PDSCH transmissions associated with the PDCCH starting with the current TTI, is 2 or 3.
Observation 1: sDCI7 with 8 sCCEs with K=2 and 3 can meet BLER=10-5 at -3.6 and -4.4 dB respectively.  
Observation 2: 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 3: The UE does not detect the sPDCCHs received for the TB after a successfully received PDCCH within the repetition window. Each PDSCH repetition is scheduled with the same resource allocation and transmission parameters.
Proposal 4: Supporting repetition based PDSCH reception is a UE capability.
· The details UE capabilities to support repetition based PDSCH and how UE capability is signalled can be discussed in RAN2.
Proposal 5: Re-interpret 2 bits in HARQ process field in sDCI7-1A format to indicate the number of PDSCH transmissions k associated with the DCI, where k can be 1, 2, 3, or 4
Proposal 6: Confirm the working assumption: For HARQ for repeated PDSCH transmissions, the UE shall report HARQ feedback with the timing given by the last PDSCH repetition.
Proposal 7: Other HARQ processes are suspended during blind repetitions
Observation 3: 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 8: 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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Case B: 2 HARQ processors #0, #1





