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1 Introduction

In the RAN1#90bis meeting, the following agreements related to targeted reliability and latency requirements have been achieved [1]
Agreement
URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

Agreement
In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.

In this contribution, we aim at the above requirements, especially that of reliability, and analyze some candidate solutions for PDCCH enhancements to fulfill these targets.

2 PDCCH enhancement for ultra reliability 
Since the reliability of control channel is the bottleneck for the overall reliability of the corresponding URLLC service, PDCCH needs to be enhanced for reliability. In addition, as discussed in [2], investigating the following potential solutions/issues for PDCCH enhancement are proposed by most companies, 
· Reduced size/compact DCI
· Using more CCEs (higher AL, PDCCH repetition or aggregation)
· False alarm issue
In this section we mainly focus on the potential solutions for control channel reliability enhancements. 
2.1 Compact DCI

The compact DCI for URLLC is discussed in detail in [3]. An example of the contents of compact DCI for PDSCH scheduling is given in Table 1.
Table 1. Contents of format 8-1 (PDSCH scheduling with 1 ms latency requirement) 
	Contents
	Number of bit field
	Notes

	Flag for DL/UL differentiation
	1
	If needed

	Resource allocation
	3~7
	1 bit reduction compared to DL RA type 0

	MCS
	4
	

	Repetition indicator
	1~2
	Indicate the number of repetition

	DMRS position indicator
	1
	only if UE is configured with dl-TTI-Length=subslot)

	Used/Unused SPDCCH 

resource indication
	0~2
	Configured by higher layers

	MIMO-related 
	0~5
	Depends on TM

	CRC
	16
	

	Total
	32
	On average


2.2 Higher AL
As proposed in [2], candidate techniques may include support of AL16, DCI repetition as well as PDCCH candidate aggregation. Since higher aggregation level of 16 is of least specification efforts, this scheme is agreeable in LTE for URLLC. Moreover, other schemes such as PDCCH candidate aggregation is also worth to study, since higher AL may cause PDCCH blocking issue when URLLC traffic is heavy in a cell.
Proposal 1: Aggregation level of 16 is supported in LTE for URLLC.
2.3 PDCCH false alarm reduction
According to the discussion on PDCCH false alarm in previous meetings, at least there is a consensus in [2] that false alarm rate may be an issue and that studies of the negative effect of FA rate on the URLLC performance are needed. As we analyzed in [4], when a fake initial transmission happened before a real initial transmission and then the real initial transmission is misunderstood by the UE to be a retransmission, the buffer of real initial transmission would be contaminated by the fake PDSCH, which destroys the ultra reliability of DL transmission as shown in Figure 1 and Table 2.
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Figure 1. Illustrations of false alarm issues - buffer contamination in DL transmission
Table 2. Probability of buffer contamination in DL transmission
	Probability of buffer contamination
	Number of blind detection attempts

	
	10
	20
	40

	Number of different TBS

supported in URLLC for LTE
	1
	7.6×10-5
	1.5×10-4
	3.1×10-4

	
	10*
	7.6×10-6
	1.5×10-5
	3.1×10-5


*: It is assumed that if the TBS in fake DCI and TBS in previous/subsequent are different, the false alarm is detected and the data in buffer are dropped without buffer contamination.
The preliminary evaluation results of impacts from false alarm are shown in Table 2. As proposed in [2], candidate techniques to solve the issues (if identified) may (beside others) include: 

· Option 1: Using larger CRC size;

· Option 2: Using (a-priory) known information field content
Option 2 seems like virtual CRC. In both of these two options, each additional (virtual) CRC bit decreases half of the FA probability. Therefore, from Table 2 we can see that at least 3 bit should be added into CRC. From our proposed payload size of compact DCI in subsection 2.1, we calculate that 3 bit virtual CRC leads to nearly 10% (3/32) extra overhead so that these two options are not favorable in spirit of designing a compact DCI.
One more option as below can also be considered.
· Option 3: Using a “clock bit(s)” field in DCI
This clock bit(s) field with one or two bits in DCI always changed in each PDCCH transmission for a certain HARQ process (If no HARQ process number in compact DCI, it is considered that all DL transmission have the same HARQ process). Therefore, if a UE detects two DCIs with the same HARQ process number and the same clock bit for consecutive receptions, UE can identify that one of these DCIs must be corresponding to a fake PDCCH. By this way, the above buffer contamination issue will be avoided since the UE will not cache the PDSCH corresponding to different PDCCHs into the same buffer. 

Proposal 2: Using a “clock bit(s)” field of 1 or 2 bits in DCI is supported to solve the false alarm issue for URLLC. 
3 Conclusions
In this contribution, we have the following proposals on reliability:
Proposal 1: Aggregation level of 16 is supported in LTE for URLLC.
Proposal 2: Using a “clock bit(s)” field of 1 or 2 bits in DCI is supported to solve the false alarm issue for URLLC. 
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