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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, aiming at the above requirements, especially that of reliability, we analyze some candidate solutions for enabling these targets, including diversity, PDCCH and PUCCH enhancements.

2 Potential Solutions for Ultra Reliability
Since the reliability of control channel is the bottleneck for the overall reliability of the corresponding URLLC service, in this section we mainly focus on the potential solutions for control channel reliability enhancements. Moreover, some general solution, such as increasing the number of antennas can also improve the performance of shared channel. 
2.1 General solutions for PDCCH reliability
There are a number of known solutions to reduce the miss detection probability related to PDCCH transmission as
· Increase the degree of frequency diversity 

· Increase the degree of spatial diversity, i.e., equipping more antennas

· Transmission with more resources, including CCEs and power

· Decrease the payload size of PDCCH.

In these solutions, supporting higher aggregation levels (such as 16 or 32) increases the degree of diversity exponentially, which should be considered in URLLC for LTE.
Proposal 1: Higher aggregation levels (such as 16 or 32) should be supported in URLLC for LTE.
2.2 PDCCH False alarm reduction
To guarantee the high reliability of URLLC transmission, the false alarm (FA) issue of PDCCH (i.e., A UE not being scheduled but falsely detects a DL assignment or an UL grant) needs to be studied. In legacy LTE, a UE detects its PDCCH by checking a 16-bit length CRC. Assuming the number of blind detection attempts is M, the probability of FA can be approximated as 
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. When the UE falsely detects a DL assignment, it will fail to decode the corresponding PDSCH and may save the invalid data in its soft buffer. To clarify the consequences of FA issues, we enumerate all the cases and the NDI values for the cases are also shown in Table 1.

· FA case 1: A fake retransmission before a real retransmission.
· FA case 2: A fake retransmission before a real initial transmission.
· FA case 3: A fake initial transmission before a real retransmission and the real retransmission is misunderstood by the UE to be an initial transmission.
· FA case 4: A fake initial transmission before a real initial transmission and the real initial transmission is misunderstood by the UE to be a retransmission.
Table 1. NDI values for PDCCH false alarm cases
	NDI value
	Previous transmission
	Fake transmission
	Later Real transmission

	Case 1
	0
	0
	0

	Case 2
	0
	0
	1

	Case 3
	0
	1
	0

	Case 4
	0
	1
	1


· Note: Assume that all transmissions have same HARQ process number and the NDI in previous transmission is 0.

In FA case 1, the buffer of the previous transmission would be contaminated by the fake retransmission. Although the consequence is severe, the probability of this case is low, which depends on that of retransmission.

In FA case 2, this fake retransmission will not affect the following real initial transmission.

In FA case 3, the buffer of previous transmission would be dropped but the buffer of following real retransmission would not be contaminated. Therefore both case 2 and 3 would not lead to severe consequences.

In FA case 4, the buffer of following real initial transmission would be contaminated, which probability is much larger than case 1. Therefore, we need to pay more attention in this case. As shown in Figure 1, a UE falsely detects a DL assignment indicating the same HARQ process, NDI value and TBS as the directly subsequent “real” initial transmission. The exact probability for the above error case caused by false alarm would depend on the detailed design for URLLC, e.g. PDCCH and HARQ design.
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Figure 1. Illustrations of false alarm issues in FA case 4 - buffer contamination in DL transmission
Table 2. Probability of buffer contamination in DL transmission in FA case 4
	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 in FA case 4, 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 5.  Based on results in Table 5, the following observation is made.

Observation 1: Probability of buffer contamination induced by PDCCH false alarm is close to or larger than 10-5, which cannot fulfill the requirement on reliability.
There can be several options to tackle the PDCCH false alarm issue:

· Option 1: Increase CRC length.
· Option 2: Using some field in DCI to facilitate the PDCCH false alarm detection.
Although both options will reduce false alarm reduction, the payload size of DCI is also increased, therefore, we need to consider the benefit in reducing PDCCH false alarm and the loss in increasing the payload size.

Proposal 2: The PDCCH/sPDCCH false alarm needs further study to ensure the reliability requirement of URLLC.
2.3 PUCCH power control

According the agreements in RAN1 #90bis, multiple kinds of URLLC traffics with multiple reliability and latency requirements are supported in URLLC for LTE. Then the reliability targets of both control and shared channels also should be changed depended on URLLC traffics. Therefore, the transmission power of PUCCH may be different depending on different requirement of the traffic on the corresponding PDSCH, and different power control parameters for PUCCH with different requirements are used. Then, we have following proposal:
Proposal 3: Transmission power of PUCCH can be different for traffic with different requirements.
2.4 HARQ repetition

To improve the reliability of PUCCH, especially that of HARQ information, HARQ repetition can be considered in URLLC for LTE. In current FDD LTE, a UE configured with NANRep times HARQ repetition and received a PDSCH in subframe #n-4 will transmit its HARQ in subframe #n ~#n+ NANRep -1 generally. However, for a UE configured with HARQ repetition and scheduled with consecutive PDSCH, it drops the HARQ transmission of the follow PDSCH if the initial transmission of that HARQ is dropped due to collision with a repeated transmission of previous HARQ. For example, in Figure 2, the HARQ of PDSCH in subframe #n-3 (red one) is dropped since the initial transmission of that HARQ (i.e., in subframe #n+1), is occupied by a repeated transmission of previous HARQ (green one).
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Figure 2. Illustrations of current HARQ repetition.
However, this imposes a scheduling restriction and the latency of following PDSCH is increased, as PDSCH cannot be transmitted if another PDSCH is transmitted in previous NANRep -1 subframes. However, this principle leads to a queuing delay, which cannot be accepted for URLLC. Therefore, to allow consecutive PDSCH scheduling, multiplexing HARQ information, including initial and repeated transmission in one PUCCH should be supported in URLLC for LTE. 

Proposal 4: HARQ repetition and multiplexing HARQ information in one PUCCH should be supported in URLLC for LTE. 

2.5 Transmission mechanisms
From the simulation results in [2], we can see that reliability largely increases by repetition in both of UL and DL systems and the latency does not exceed 1 ms. Compared with HARQ-based retransmission which leads to large transmission latency, both UL and DL repetition without HARQ should be supported for URLLC in addition to HARQ-based retransmission. Then, we have the following proposal:
Proposal 5: For supporting URLLC in LTE, the following options should be considered:
· One shot transmission with lower MCS, more resources or multiple component carriers;
·  Repetition in time domain 
3 Design impacts on latency for LTE URLLC
As discussed in our companion contribution [3], enhancements regarding the latency requirements should also be considered, with following proposals:
Proposal 6: Multiple SR configurations can be configured to the UE, with each SR configuration associated with one TTI length. 

Proposal 7: Grant free transmission in uplink is supported.
Then combining the enhancement on reliability and those on latency, the requirements of LTE URLLC can be fulfilled.
4 Conclusions
In this contribution, we have the following observation and proposals on reliability:
Observation 1: Probability of buffer contamination induced by PDCCH false alarm is close to or larger than 10-5, which cannot fulfill the requirement on reliability.
Proposal 1: Higher aggregation levels (such as 16 or 32) should be supported in URLLC for LTE.
Proposal 2: The PDCCH/sPDCCH false alarm needs further study to ensure the reliability requirement of URLLC.
Proposal 3: Transmission power of PUCCH can be different for traffic with different requirements.
Proposal 4: HARQ repetition and multiplexing HARQ information in one PUCCH should be supported in URLLC for LTE. 

Proposal 5: For supporting URLLC in LTE, the following options should be considered:

· One shot transmission with lower MCS, more resources or multiple component carriers;
·  Repetition in time domain 
Furthermore, on latency enhancements, we have following proposals:
Proposal 6: Multiple SR configurations can be configured to the UE, with each SR configuration associated with one TTI length. 

Proposal 7: Grant free transmission in uplink is supported.
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