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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#92 and RAN1#92bis meetings, the following agreements related to targeted reliability and latency requirements have been achieved [1].
Agreement: 
Study the effect of false alarm rate on the URLLC performance. Candidate techniques to solve the issues (if identified) may (beside others) include using larger CRC size as well as using (a-priory) known information field content.
Agreement:
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

Agreement:
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.

Agreement:
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

In this contribution, we discuss some remaining issues on blind/HARQ-less repetition for scheduled DL-SCH, including the indication of repetition number, clarification of RV and DMRS position when the repetition number K>1. Moreover, the false alarm issue caused by the agreement in RAN1 #92bis is also discussed.
DCI content
Repetition number
It is agreed that the number of PDSCH transmissions, i.e., repetition number should be indicated in PDCCH explicitly. To fulfill the 1ms latency boundary, the number of repetition in DL transmission can be up to 3, thus 2-bit indicator of repetition shown in Table 1 should be introduced in DCI, and “repetition number = 4” can only be indicated for the URLLC traffic with more than 1ms latency requirement for forwards compatibility. Please note that this WI is focused on LTE URLLC but not an optimization of eMBB traffic, therefore, it can be assumed that when repetition number is one, the PDSCH can be assumed to be URLLC or eMBB traffic, while when repetition is larger than one, the PDSCH can be assumed to be URLLC traffic.
[bookmark: _Ref513127507]Table 1. Repetition number indicator
	Indicator
	Repetition number

	00
	1

	01
	2

	10
	3

	11
	4



Proposal 1: The repetition number is indicated by 2-bit field in DCI as shown in Table 1. 
Redundancy version
In sTTI systems, 2-bit RV field in DCI indicates the RV of PDSCH in the current sTTI as shown in Table 2. After PDSCH repetition is introduced in LTE-URLLC, the RV can be implied by RV field without additional bits, similar to eMTC. In eMTC, the RV for each block of consecutive PDSCHs is determined by RV indicated in DCI and a RV sequence of {0, 2, 3, 1} (CEModeA). For instance, the RV of each repetition for a UE indicated with RV = 2 is {2,3,1,0,2,3,1,0 ,…}. Moreover, the RV sequence defined in NR, i.e., {0, 0, 0, 0} and {0, 3, 0, 3} can also be used for LTE to improve the flexibility, i.e., the following Table 3 and Table 4 is configured by higher layer signalling as new RV tables for PDSCH repetition. 
[bookmark: _Ref513818319]Table 2. Redundancy version with sequence {0, 2, 3, 1}
	
Redundancy version Index

	rvidx

	0
	0

	1
	2

	2
	3

	3
	1



[bookmark: _Ref513819220]Table 3. Redundancy version with sequence {0, 3, 0, 3}
	
Redundancy version Index

	rvidx

	0
	0

	1
	3

	2
	reserved

	3
	reserved


 
[bookmark: _Ref513819223]Table 4. Redundancy version with sequence {0, 0, 0, 0}
	
Redundancy version Index

	rvidx

	0
	0

	1
	reserved

	2
	reserved

	3
	reserved



Proposal 2: RV sequence of {0, 0, 0, 0}, {0, 3, 0, 3} or {0, 2, 3, 1} is configured by higher layer signaling for PDSCH repetition. 
Proposal 3: The RV for each PDSCH repetition is determined by RV indicated in DCI and RV sequence configured by higher layer signaling.

DMRS position indicator
The DMRS overhead of PDSCH repetition needs to be reduce. In current sTTI systems, DL DMRS sharing among 2 sTTI is supported, and 1-bit DMRS position indicator field for subslot TTI is used to indicate whether DMRS is transmitted in current sTTI or previous sTTI. However, when the repetition number k >1, this 1-bit indicator cannot be extended to LTE-URLLC in a straightforward way, i.e., to indicate whether DMRS is transmitted in all of repetitions or in none of them, because in general it is difficult to share DMRS among bursty URLLC PDSCHs in time-varying channel.
Another option is to indicate whether DMRS is transmitted in all of repetitions or only transmitted in the first PDSCH transmission. However, in this scheme, if the first PDCCH is missed, the UE will lose its unique chance for channel estimation and thus cannot decode its PDSCH even if another PDCCH is transmitted with PDSCH repetition.
Considering the disadvantages of above schemes, in LTE-URLLC, this indicator can be used to indicate 
· whether DMRS is transmitted in current sTTI or previous sTTI if repetition number k = 1;
· whether DMRS is transmitted in all of repetitions or transmitted every two sTTIs (beginning from the current sTTI) if repetition number k > 1.
Moreover, if DMRS transmitted every two sTTIs is indicated as shown in Figure 1, there is a PDCCH transmission restriction that the PDCCH cannot be transmitted in the sTTI without DMRS, otherwise the DMRS position would not be indicated correctly.


[bookmark: _Ref513138729]Figure 1. Illustrations of DMRS position indication and PDCCH transmission restriction
Proposal 4: When repetition number k=1, the DMRS position indicator indicates whether DMRS is transmitted in current sTTI or previous sTTI.
Proposal 5: When repetition number k>1, the DMRS position indicator indicates that whether DMRS is transmitted in all of repetition or transmitted every two sTTIs (beginning from the current sTTI).
(s)PDCCH False Alarm Reduction
Different with the false alarm issue discussed in previous meeting [3] (a.k.a. buffer contamination), another false alarm issue shown in Figure 2 is caused by the agreement in RAN1 #92bis. Consider the reliability of a real DCI scheduling URLLC PDSCH in sTTI #n. When a fake DCI transmission indicating more than one HARQ-less PDSCH repetition happens before the real transmission (e.g., in sTTI #n-1), and the repetitions of the fake transmission collides with all of the (s)PDCCH of the real transmission (i.e., the repetition number of the fake transmission is larger than the interval between fake DCI and last real DCI), the UE would discard all of the (s)PDCCH of the real transmission, which destroys the ultra reliability of DL transmission. Moreover, another fake transmission may also exist next to the real PDSCH, but it does not impact the reliability of real PDSCH.
When the real PDCCH is in sTTI x, and the interval of fake DCI and first real DCI is y, the probability of real DCI discarding is 

,
where M is the number of PDCCH blind detection (i.e. 6 for subslot TTI), k is repetition number indicated in fake DCI, PNDI = 1/2 is the probability that NDI of fake DCI is toggled. The numerical results of different cases are shown in Table 5. 


[bookmark: _Ref477191077]Figure 2. Illustrations of real DCI discarding in DL transmission

[bookmark: _Ref513105375]Table 5. Probability of real DCI discarding in DL transmission
	Probability of real DCI discarding
	Transmission time(s) of real PDCCH

	
	1
	2
	3

	Interval of fake DCI 
and first real DCI
	1 sTTI
	3.4×10-5
	2.3×10-5
	1.1×10-5

	
	2 sTTI
	2.3×10-5
	1.1×10-5
	0

	
	3 sTTI
	1.1×10-5
	0
	0

	Total
	6.9×10-5
	3.4×10-5
	1.1×10-5



In the DL transmission, we can describe the total reliability as
Pe = PFA+ (1- PFA)Pt 
where Pt is the PDSCH error probability without FA impact. From the results of Table 5, Pe >10-5. Therefore, we have the following observation,
[bookmark: _GoBack]Observation: Probability of real DCI discarding caused by PDCCH false alarm is larger than 10-5, which cannot fulfill the requirement on reliability.
Most previous discussions and results from companies are aiming at ensuring a 10-5 PDSCH error probability without considering the FA impact, thus to validate these discussions, the false alarm probability should be much less than 10-5, e.g., 10-6.
As agreed in previous meetings, candidate techniques to decrease the FA probability include: 
· Option 1: Using larger CRC size;
· Option 2: Using (a-priori) known information field content
In option 2, the fields can be considered as virtual CRC. In both options, each additional (virtual) CRC bit decreases half of the FA probability. Then, from Table 5 we can see that at least 6 bit should be added into CRC to decrease the FA probability to about 10-6.
For option 1, additional 6 bits CRC leads to worse PDCCH detection performance, which also impacts on eMBB traffic since both eMBB and URLLC traffic are assigned with same DCI format. Therefore, we prefer to use some existing fields in DCI as virtual CRC. 
From above analysis, it can be observed that this false alarm issue happens only if the fake DCI indicates more than one PDSCH repetition. Therefore, we only need to decrease the false alarm probability of fake DCI with PDSCH repetition number k>1. In addition, to ensure the URLLC PDSCH reliability, the repetition number may be probable larger than one. As we analyzed in companion contribution [4], it is proposed that the HARQ-ACK feedback can be configured to be turned off when repetition number is larger than 1.
Proposal 6: UE can be configured to not feedback HARQ-ACK for PDSCH when repetition number is larger than 1. 
[bookmark: _Ref513208528]Without the HARQ-ACK feedback, the related fields can be set to 0 and then can be used as virtual CRC if configured. In addition, if the RV sequence is configured to {0, 0, 0, 0}, the RV field is also fixed. Then totally 6 bits as shown in Table 3 can be used as virtual CRC by UE to handle the false alarm issue. 
Table 6. Virtual CRC in current DCI
	Information field
	Number of bits

	TPC command
	2 bits

	ARI
	2 bits

	RV
	2 bits



Proposal 7: To decrease the false alarm probability, TPC, ARI and RV can be used as virtual CRC when repetition number k>1.

Conclusions
In this contribution, In this contribution, we discuss some residual issue on blind/HARQ-less repetition for scheduled DL-SCH, which leads to the following observations and proposals:
Observation: Probability of real DCI discarding caused by PDCCH false alarm is larger than 10-5, which cannot fulfill the requirement on reliability.

Proposal 1: The repetition number is indicated by 2-bit field in DCI as shown in following table. 
Repetition number indicator
	Indicator
	Repetition number

	00
	1

	01
	2

	10
	3

	11
	4



Proposal 2: RV sequence of {0, 0, 0, 0}, {0, 3, 0, 3} or {0, 2, 3, 1} is configured by higher layer signaling for PDSCH repetition. 
Proposal 3: The RV for each PDSCH repetition is determined by RV indicated in DCI and RV sequence configured by higher layer signaling.
Proposal 4: When repetition number k=1, the DMRS position indicator indicates whether DMRS is transmitted in current sTTI or previous sTTI.
Proposal 5: When repetition number k>1, the DMRS position indicator indicates that whether DMRS is transmitted in all of repetition or transmitted every two sTTIs (beginning from the current sTTI).
Proposal 6: UE can be configured to not feedback HARQ-ACK for PDSCH when repetition number is larger than 1. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 7: To decrease the false alarm probability, TPC, ARI and RV can be used as virtual CRC when repetition number k>1.
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