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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#86bis [1], the following agreements were achieved
Agreements:
· For SCS of up to 60kHz with NCP, y = 7 and 14
· FFS: whether/which to down select for certain SCS(s)
· For SCS of higher than 60kHz with NCP, y = 14
[bookmark: _Ref129681832]In this contribution, the latency analysis of DL URLLC transmission in both FDD and TDD cases is provided. In FDD, SLS is performed, showing the benefits of 60 kHz SCS w/ 7-symbol slot design over 15 kHz SCS w/ 2-symbol sub-slot design. In TDD, it is shown that for 15 kHz SCS UL/DL switching point of 0.5ms cannot support 0.5ms oneway latency requirement efficiently and the maximum UL/DL switching point should not be longer than 0.25ms. Reliability for URLLC is also analyzed and it is shown by LLS that more transmission opportunities are beneficial to reach the reliability requirement.
Latency analysis for DL URLLC 
Latency analysis in FDD
Table 1 DL latency analysis in FDD
	Step
	Description
	60 kHz SCS
[7-symbol scheduling interval]
	15 kHz SCS
[1-symbol scheduling interval]
	15 kHz SCS
[2-symbol scheduling interval]

	1
	BS Processing Delay
	125 us
	71.4 us
	142.8 us

	2
	Frame Alignment
	62.5 us
	35.7 us
	71.4 us

	3
	TTI duration
	125 us
	71.4 us
	142.8 us

	4
	UE Processing Delay
	150 us
	150 us
	150 us

	
	Total one way delay
	462.5 us
	328.6 us
	507.1 us



One way transmission of URLLC traffic needs limited within 500us [2]. Table 1 shows latency analysis of URLLC downlink transmission by scaling down LTE component latency with 1ms TTI duration, when the scheduling interval is assumed to be 7-symbol with 60 kHz SCS, 1-symbol and 2-symbol with 15 kHz SCS, respectively. For UE processing delay, we assume 10x reduction compared to LTE and adopt 0.15ms. It can be seen that if the downlink signal is modulated via 15 kHz SCS, 2-symbol scheduling interval can hardly reach the latency requirement. While the 60 kHz SCS with 7-symbol scheduling interval could meet the 500us latency requirement of URLLC. Hence, a slot containing 7 symbols based on 60 kHz SCS can support 0.5ms one way latency. Furthermore, the RS/control overhead on one or two symbols sub-slot based on 15 kHz is high. 
Observation 1：For FDD, 2-symbol 15 kHz SCS can hardly reach 0.5ms one way latency, while 7-symbol 60 kHz can support. 
SLS is performed to compare both 2-symbol 15 kHz SCS coexisted with eMBB and 7-symbol 60 kHz SCS coexisted with eMBB. The carrier bandwidth is assumed to be 20MHz where eMBB only region is 5MHz and coexistence region is 15MHz. 21 cells are built and each cell has 10 URLLC users and 10 eMBB users. About 20%-RU is utilized for serving URLLC traffic demand. Moreover, RS and control overhead is modelled for both cases. According to Table 3, the combined overhead of RS and control for 2-symbol 15 kHz and 7-symbol 60 kHz SCS are 26.5% and 14.3%, respectively.
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(a) Capacity per cell
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(b) Outage ration of URLLC users of 20% RU for URLLC
Figure 1 SLS performance in FDD
[bookmark: _GoBack]When the capacity is calculated, only those UEs the link reliability of which can meet 10-4 BLER and 1ms latency are counted. As shown in Figure 1(a), about 30% URLLC capacity gain could be obtained if 60 kHz SCS is chosen for the eMBB and URLLC coexistence region instead of 15 kHz SCS. The outage ratio of URLLC users is shown in Figure 1(b). The higher target reliability, the larger performance gap between 15 kHz SCS and 60 kHz SCS cases. When the target reliability reaches 99.99%, more than a quarter of URLLC users could not enjoy the 99.99%-reliability service in 15 kHz SCS coexistence region, but in 60 kHz SCS case the outage users are simply about 10%.
Observation 2：In FDD, 7-symbol 60 kHz SCS can provide higher URLLC capacity than 2-symbol 15 kHz SCS. 
Latency analysis in TDD
In TDD, UL/DL switching point of 0.5ms could not always meet 0.5ms one-way latency requirement. For example, when a URLLC DL package arrives right after the beginning of a UL slot, the package has to wait until the next DL slot is available. In this case 0.5ms waiting time is almost unavoidable. For 15 kHz SCS, 0.5ms UL/DL switching point may be able to support 0.5ms one-way latency using some special frame structures (e.g. a slot with 3 DL symbols, 1 GP symbol and 3 UL symbols). However, GP overhead of these frame structures is too large due that at least one 15 kHzSCS symbol needs reserved as GP, more than 7% overhead. This is a very inefficient way to support URLLC in TDD structure. Hence, UL/DL switching point less than 0.5ms as well as larger SCS should be considered in order to efficiently meet 0.5ms one-way latency in TDD.
[image: ]
Figure 2 Frame structure with 60 kHz SCS and 7-symbol for TDD
An example of 0.25ms UL/DL switching point is given in Figure 2. The more frequent UL/DL switching point,  the shorter latency. To meet one way latency less than 0.5ms, at least 0.25ms UL/DL switching point should be supported in TDD.
Proposal 1: For TDD, the UL/DL switching point should be no longer than 0.25ms.
Table 2 DL latency analysis in TDD
	Step
	Description
	60 kHz SCS
[7-symbol scheduling interval]
	60 kHz SCS
 [4-symbol scheduling interval]

	1
	BS Processing Delay
	125 us
	125 us

	2
	Frame Alignment
	62.5 us
	62.5 us

	3
	TTI duration
	125 us
	71.4 us

	4
	UE Processing Delay
	150 us
	150 us

	
	Total one way delay
	462.5 us
	408.9 us



In TDD latency analysis, the additional time overhead for direction conversion should be taken into account. For example, if a DL URLLC packet arrives during a UL transmission slot, the DL transmission demand has to wait until the next DL transmission slot is available. More details of latency analysis for TDD could be found in Table 2. It is shown that 0.5ms one-way latency could be satisfied by utilizing 60 kHzSCS slots even though 7 symbols are included into a slot. If the symbol number is reduced to 4, smaller latency could be achieved, but the RS/control overhead would increase correspondingly.
Observation 3: For TDD, 7-symbol 60 kHz SCS is already enough to meet latency requirement.
Reliability analysis for URLLC in the DL
Single transmission reliability
Generally speaking, single transmission can meet the reliability requirement with the lowest latency and almost the highest spectrum efficiency. Multi-transmission is helpful in severe propagation circumstances, e.g. very low SINR. The analysis of single transmission is given in this subsection.
Table 3  RS/control overhead analysis
	
	2-symbol 15 kHz
	4-symbol 60 kHz
	7-symbol 60 kHz

	Total REs per PRB
	24
	48
	84

	RS/control overhead
	26.5%
	25%
	14.3%



[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Table 3 shows different resource overhead of three cases. For 2-symbol 15 kHz, RS/control overhead is obtained based on RS pattern 2 in [4] and sPDCCH design of sTTI (see Appendix A). In both cases of  four 60kHz-SCS-based symbols and seven 60kHz-SCS-based symbols, demodulation RS and downlink control are assumed to be located in the first symbol of each PRB , for example adopting front-loaded design. For the 7-symbol case, the total REs per PRB is greater than the 4-symbol case owing to more available symbols within one time unit. Therefore, the RS overhead of 4-symbol case is larger than that of the 7-symbol case.
From Figure 3, LLS result shows the single transmission BLER curves of three different cases given in Table 3. The BLER curves prove that the performance of the case ‘2-symbol 15 kHz SCS’ is worse than the case ‘7-symbol 60 kHz SCS’. Total  PRBs utilized for transmission are counted with the assumption that no RS occurs. Correspondingly, the whole packet is mapped into all PRBs. According to Table 3, different RS overheads for different cases are taken into account. Hence, the realistic coding rate of these cases is different from each other. The coding rate of case ‘2-symbol 15 kHz SCS’ is higher than that of the case ‘7-symbol 60 kHz SCS’.
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Figure 3 Single transmission performance
Observation 4: Adopting seven 60kHz-SCS-based symbols as scheduling unit could provide better single transmission performance, compared with taking two 15kHz-SCS-based symbols as scheduling unit.
From Table 3, we can also know the RS/control overhead of 4-symbol is larger than 7-symbol both for 60 kHz. And the LLS result proves that the performance of 4-symbol is worse than 7-symbol. The later one has more symbols transmitted in time dimension, providing the opportunity to use a lower code rate. In Figure 5, when SNR is relatively high (e.g. SNR = 10), to meet the reliability of 99.999% using single transmission, the gap between 7-symbol 60 kHz SCS and 4-symbol 60 kHz SCS is around 2dB.
Observation 5: For single transmission, the performance of 7-symbol with 60 kHz SCS is better than 4-symbol with 60 kHz SCS.
Multiple transmissions reliability
For URLLC, reaching high reliability within a  delay boundary is critical in low SNR. For both FDD and TDD, maximizing the diversity in time and frequency domain within latency requirement is desirable, meaning that more transmission opportunities within the latency constraint would reach higher reliability. In [3], a scheme is proposed aiming at meeting high reliability through increasing transmission opportunities. From Figure 4 and Figure 5, LLS is performed under QPSK and 64QAM separately for 7-symbol with 60 kHz SCS and 4-symbol with 60 kHz SCS with different number of transmissions. It is obvious that the more transmission opportunities, the higher reliability. 
From Figure 4, for low SNR (e.g. -5dB), QPSK, 7-symbol 60 kHz SCS with 4Tx could meet the reliability. 
Also, it is obvious that the reliability is higher when number of transmission times within the 1ms delay is larger
Observation 6: The larger number of transmission times within 1ms, the reliability is higher.
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Figure 4  HARQ with 5Tx. Packet Size=50byte, TDL-C 300ns, UE Speed = 15km/h, QPSK
[image: ]
Figure 5 HARQ with 4Tx. Packet Size=50byte, TDL-C 300ns, UE Speed = 15km/h, 64QAM
In lower SNR (e.g. -5dB), shown as Figure 4, 4-symbol 60 kHz SCS could meet 99.999% with 5 transmissions, while 7-symbol 60 kHz SCS only use 4 transmissions. When using single transmission at higher SNR (e.g. 10dB), shown as Figure 5, the performance of 7-symbol 60 kHz SCS is better than 4-symbol 60 kHz SCS too. Moreover, 7-symbol 60 kHz SCS can follow previous design while both 4-symbol 60 kHz SCS and 2-symbol 15 kHz SCS should be re-designed.
Observation 7: For multiple transmissions, 4-symbol with 60 kHz SCS and 2-symbol with 15 kHz SCS are worse than 7-symbol with 60 kHz SCS. 
URLLC UEs may adopt A/N-based re-transmission or can be pre-configured with a certain number of (A/N-less) re-transmissions, also called as single shot transmission. Different URLLC use cases may not have same latency constraint. Hence, UEs with more stringent latency target may adopt A/N-less transmissions; otherwise A/N-based re-transmission can be used to improve resource utilization. In some cases, UE may adopt mix of A/N-based and A/N-less re-transmission. For example, a URLLC UE may support two re-transmissions, where first re-transmission can be A/N-less and the second re-transmission can be A/N-based. It may also be possible that first Nack triggers bundled re-transmissions.
Proposal 2: NR should support different transmission mechanisms for DL URLLC to improve reliability within latency requirement:
· A/N-less single shot  and A/N-based multiple shot transmissions
·  Single or bundled transmissions/re-transmissions.
Conclusions
In this contribution, we have analyzed the support of latency and reliability for URLLC DL. It is observed that:
Observation 1：For FDD, 2-symbol 15 kHz SCS can hardly reach 0.5ms one way latency, while 7-symbol 60 kHz can support. 
Observation 2：In FDD, 7-symbol 60 kHz SCS can provide higher URLLC capacity than 2-symbol 15 kHz SCS. . 
Observation 3: For TDD, 7-symbol 60 kHz SCS is already enough to meet latency requirement.
Observation 4: Adopting seven 60kHz-SCS-based symbols as scheduling unit could provide better single transmission performance, compared with taking two 15kHz-SCS-based symbols as scheduling unit.
Observation 5: For single transmission, the performance of 7-symbol with 60 kHz SCS is better than 4-symbol with 60 kHz SCS.
Observation 6: The larger number of transmission times within 1ms, the reliability is higher. 
Observation 7: For multiple transmissions, 4-symbol with 60 kHz SCS and 2-symbol with 15 kHz SCS are worse than 7-symbol with 60 kHz SCS.
It is proposed that:
Proposal 1: For TDD, the UL/DL switching point should be no longer than 0.25ms.
Proposal 2: NR should support different transmission mechanisms for DL URLLC to improve reliability within latency requirement:
· A/N-less single shot  and A/N-based multiple shot transmissions
·  Single or bundled transmissions/re-transmissions.
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Appendix ARS pattern is based on [4], there are 6 RS RE per PRB.
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Assuming that bandwidth is 20MHz, aggregation level is 2, and one UE uses a CCE of 3PRB (36 REs), so total RS/control overhead should be:
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