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1	Introduction
In [1], we discuss different reliability and latency requirements that can be considered toward the study of the LTE- URLLC systems. This paper provides more details on the evaluations scenarios and the performance metrics that can be used. 
[bookmark: p3][bookmark: b]2	Performance Metrics and Evaluation Scenarios 
As discussed in [1], the baseline requirement for the LTE-URLLC can be set based on that of the NR-URLLC. In particular, the main objective should be to achieve the reliability of 1-10-5 for a packet of size 32 bytes with a user plane latency of 1ms [2]. Besides this set of requirements, based on the use cases of interest, additional set of (reliability, latency, packet sizes) can be identified, and considered for further evaluations. In order to properly study the achievability of the identified requirements, both link-level and system-level evaluations are necessary. 
For setting the evaluation framework, let us consider the following two examples for the DL in a system with a given TTI length, processing timeline and a service with a given reliability, packet size and delay budget: (1) The objective is to achieve the probability of success via a single transmission, and (2) The objective is to achieve the probability of success via at most two transmissions, while meeting the delay budget. For these two scenarios, the probability of success is given as follows, respectively:



where  
: The probability of successfully decoding the ith sPDCCH 
: The probability of successfully decoding the ith sPDSCH 
: The probability of successful NAK reception at the eNB
: The probability of successful DTX detection at the eNB (assuming the 1st control is not detected).
From the above set of equations, the following conclusions can be drawn:
1) To study the achievability of the requirements from the link-level perspective, the block error rate of different DL (PDSCH and PDCCH) and UL (SR, PUCCH and PUSCH) channels should be studied.
2) In order to achieve the  in the first example, both  and should be set at much more conservative levels as compared to the second example. This, in turn, leads to serving a smaller number of users. Assuming that the TTI length and the processing timeline are selected such that the latency budget can be met under both scenarios, then, intuitively, the second approach which allows for HARQ re-transmissions is more preferred from the system-level perspectives. In particular, the second approach is likely to achieve a higher network capacity. To design a system that can benefit from the HARQ re-transmissions to meet the requirements, it is therefore important to study the residual BLER after each (re)transmission. 


Proposal 1: For a given set of (reliability, latency, packet size) requirement, the block error rate of PDCCH, PDSCH, SR, PUCCH and PUSCH can separately be evaluated.
Proposal 2: For a given set of (reliability, latency, packet size) requirement, the impact of HARQ retransmissions on the residual BLER of PDSCH and PUSCH should be evaluated.
Proposal 3: For a given set of (reliability, latency, packet size) requirement, the impact of HARQ retransmissions of the system capacity in both DL and UL should be evaluated.   
In a network that supports different services, it is essential to understand how users with different TTI lengths and requirements, e.g., legacy LTE users vs. LTE-URLLC users, should be multiplexed in DL and UL. Specifically, one important question that arises in this context is whether pre-allocating a portion of the bandwidth for LTE-URLLC users is more beneficial than dynamic multiplexing with pre-emption indication or not.
Proposal 4: System capacity under the dynamic and static multiplexing of LTE-URLLC users and legacy LTE/sTTI users should be evaluated. 
Figure 1 shows that the capacity increases super-linearly as the bandwidth allocated to URLLC increases. It is therefore more beneficial to allocate wide bandwidth to URLLC services to yield better spectral efficiency. (Simulation details are given in [3].)


Figure 1: The URLLC system capacity under different reserved bandwidth and hard latency requirements. The reliability requirement is 1e-5.
Observation 1: URLLC capacity increases super-linearly as the bandwidth increases. It is more beneficial to allocate wide bandwidth to URLLC services, yielding better spectral efficiency.
Once a large bandwidth is allocated to URLLC, some resources assigned to legacy LTE services should be punctured. As shown in [4], dynamic puncturing indication can significantly enhance the performance of the 1ms LTE services.
Observation 2: When a large bandwidth is assigned to URLLC, the dynamic puncturing indication can enhance the performance of legacy LTE users.
For a given reliability and packet size, the achievable latency can be defined as follows for the DL and UL, respectively:
· Latency in DL is defined as the duration of the time between the start of the PDSCH transmission and the successful decoding of the TB at a UE.
· To define latency in the UL direction, two cases can be considered: (a) UL resources are available, and (2) UL resources should be requested.
· For the former case, latency can be defined as the duration of the time between the start of the PUSCH transmission and the successful decoding of the TB at the eNB.
· For the latter case, latency can be defined as the duration of the time between the first SR transmission attempt and the successful decoding of the TB at the eNB.

The evaluation framework described in this section can be utilized to characterize the set of achievable (reliability, latency, packet size) requirements. However, clearly, if relying on HARQ retransmissions prove to be beneficial in terms of the system capacity to achieve the URLLC requirements, then even two transmissions within the latency budget of 1ms cannot be accommodated via the TTI lengths and processing timelines that are under discussion in sTTI/sPT WI. An example is illustrated in Figure 1 under the assumption that a 2-symbol sTTI with n+4 timing and assuming that DL decoding takes 2 sTTIs at the user. As shown in Figure 1, under the 2-symbol sTTI with  processing timeline, the over-the-air latency is above 1ms. Since 1-symbol sTTI was originally considered during the SI phase of the sTTI/sPT WI, it is likely to be a preferable candidate for LTE-URLLC. Assuming 1-symbol sTTI with n+4 timeline, then as shown in Figure 1, the latency is about 10 sTTIs ~0.7ms < 1ms.
Proposal 5: The 1-symbol sTTI can be supported in LTE-URLLC for applications with stringent latency requirements.
It is also worth noting that to meet the identified requirements, especially the stringent requirements defined for NR-URLLC, in addition to adopting a 1-symbol sTTI, further enhancements for different channels might be essential.  



Figure 1: The DL latency assuming that the reliability requirement can be achieved with the maximum of two transmissions under the 2-symbol sTTI operation and  processing timeline.
3	Conclusions 
In this paper, we proposed the performance metrics to be considered for the evaluation of the LTE-URLLC, and discussed some evaluation scenarios. The following proposals and observations are presented:
· Proposal 1: For a given set of (reliability, latency, packet size) requirement, the block error rate of PDCCH, PDSCH, SR, PUCCH and PUSCH can separately be evaluated.
· Proposal 2: For a given set of (reliability, latency, packet size) requirement, the impact of HARQ retransmissions on the residual BLER of PDSCH and PUSCH should be evaluated.
· Proposal 3: For a given set of (reliability, latency, packet size) requirement, the impact of HARQ retransmissions of the system capacity from the system-level perspective should be evaluated.   
· Proposal 4: System capacity under the dynamic and static multiplexing of LTE-URLLC users and legacy LTE/sTTI users should be evaluated.
· Observation 1: URLLC capacity increases super-linearly as the bandwidth increases. It is more beneficial to allocate wide bandwidth to URLLC services, yielding better spectral efficiency.
· Observation 2: When a large bandwidth is assigned to URLLC, the dynamic puncturing indication can enhance the performance of legacy LTE users.
· Proposal 5: The 1-symbol sTTI can be supported in LTE-URLLC for applications with stringent latency requirements.
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