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1 Introduction

In RAN1#86, the following agreements were achieved for URLLC [1]:

Agreements:
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Dynamic resource sharing between URLLC and eMBB
· UL grant-free transmission for URLLC
In RAN1#86bis, the following agreements were achieved for URLLC [2]:

Agreements:

· Consider further the tradeoffs for meeting URLLC requirements for the following.

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission

Agreements:
· Timing relationship between UL assignment and corresponding UL data transmission can be (one or more of, FFS which ones)

· dynamically indicated by L1 signaling (e.g., DCI)

· semi-statically indicated to a UE via higher layer

· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)

· FFS: minimum interval between UL assignment and corresponding UL data transmission

Agreements:

For slot-based scheduling, NR specification should support the following
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2

· All UEs should support K2≥1 with exact values for K2 FFS

· Some UEs may support K2=0 (FFS conditions)
RAN1 agreed to study grant-free and grant-based transmissions for URLLC, including the mechanism of non-fixed timing between the UL assignment and corresponding UL data transmission. LTE is a scheduling-based system and the scheduling procedure could be operated as SR–UL Grant –BSR – UL Grant - Data. This contribution starts the discussion of the scheduling based solution, and emphasizes the grant-free work from RAN2 perspective
2 Discussion
In [3], the user plane latency for URLLC services should be 0.5ms for UL and 0.5ms for DL. Besides the tight latency requirement, it is also proposed to meet the reliability requirement (e.g., BLER<=10e-5) directly at PHY and MAC. Generally, there are two types of scheduling mechanisms to fulfill the latency and reliability requirements: dynamic scheduling and non-dynamic scheduling. 
2.1 Dynamic Scheduling solution
In LTE/LTE-A system, as indicated in Fig.1, a UE with data to send starts with Scheduling Request (SR) if the UE has no assigned UL-SCH resources. If not configured with valid SR resource, the UE will initiate a Random Access procedure. Upon receiving the SR, the eNB allocates uplink resources to the UE and indicates to the UE on the PDCCH. Upon reception of the UL grant, the UE can send a Buffer Status Reporting (BSR) providing the serving eNB with information about the amount of data available for transmission in the UL buffers associated with the MAC entity. This allows the eNB scheduler to allocate UL resources efficiently, exactly as needed according to the UE buffer information.
Since the network allocates the first UL grant without the knowledge of the buffer status of the UE, the data available for transmission is likely to be under-estimated or over-estimated. If enough resources are allocated in the first UL Grant, then URLLC data are transmitted directly without BSR procedure.
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(a)                                                  (b)
                              Figure 1 Dynamic Scheduling Procedure in LTE
RAN1 is studying the numerology with shorter subframe length or larger subcarrier bandwidth up to 480kHz. The transmission delay could be largely reduced for latency-sensitive services. However, it might not be easy to meet the URLLC latency requirements with a dynamic scheduling similarly to the above LTE procedure. The important sources of latency for an UL transmission are given below:
Table 1 important source of delay for an UL transmission

	Component/Step
	Description
	Time (TTI)

	1
	Average waiting time for PUCCH (1 TTI SR period)
	0.5

	2
	UE perform SR transmission
	1

	3
	gNB decodes SR and generates the grant
	1

	4
	Scheduling grant transmission
	1

	5
	UE processing time for UL grant decoding and BSR encoding
	1

	6
	BSR transmission
	1

	7
	gNB decodes BSR and generate the grant
	1

	8
	Scheduling grant transmission
	1

	9
	UE processing time for UL grant decoding and UL data encoding
	1

	10
	Transmission of UL data
	1

	11
	Data decoding in gNB
	1


In LTE, the eNB and UE processing time for UL are fixed and assumed to be 3ms. In NR, the exact value of the timing between the UL assignment and the corresponding uplink data transmission is not agreed yet. However, it has been agreed that all UEs should support a value of timing no less than 1 TTI. In the above analysis, the minimum value of 1 TTI is adopted to evaluate the delay of schedule-based solution. With reduced TTI length of 0.125ms in NR (based on 60kHz SCS and 7 OS), the total delay will be 10.5 TTI without satisfying the latency requirement. If enough UL grant is scheduled for data transmission after SR (no BSR and no second UL grant), the total delay is 6.5 TTI which is also beyond the latency requirement. Note that the processing time of the eNB and the UE are restricted to be one TTI in our example. However, the processing time may vary a lot depending on each company’s implementation. 
In general, the processing time of the UE can be divided into the following parts [4]:

· Downlink signal sampling including FFT

· Channel estimation for DL control/UL grant decoding

· UL grant (blind) decoding

· Creating the PUSCH codewords

· MAC PDU&TB creation

· PUSCH (turbo) channel encoding

· Creating antenna port specific PUSCH signals

· Preparing PUSCH transmission

Although Turbo decoding is the most time-consuming part and is proportional to the length of the codeword and the number of codewords [5], there are other parts of time consumption in UE (layer mapping, transform precoding etc.) depending on the PUSCH bandwidth in a TTI but not depending on the actual UL data rate. There are also processing steps, which are neither dependent on the TBS size nor the PUSCH allocation. Therefore, for this very short TTI length of 0.125ms, setting the processing time of the NB and the UE of 1 TTI might not be reasonable. If more than one TTI is required for processing at the eNB and the UE, additional delay will apply to the latency of schedule-based UL transmission.
Besides the latency requirement, the reliability should also be guaranteed and this should be considered when designing the scheduling mechanism. As visible in figure 1, successful UL data reception depends on the SR, on the UL grant channel and on the UL data channel. If the residual BLER of UL data is 10e-5, it means that each related channel should achieve BLER<10e-5. However, SR is transmitted on PUCCH and consists of only one bit of information. Although we can achieve the reliability of URLLC for PUSCH/PDSCH through all kinds of diversity, it is difficult to ensure the reliability of PUCCH to be 1-10^-5. The same problem exists for PDCCH with UL grant. It is difficult to ensure the reliability of PUCCH and PDCCH. 
Observation 1: Dynamic scheduling solution may not meet the latency and reliability requirements for URLLC. 
2.2   SPS
SPS is a kind of semi-static UL grant allocation scheme with an initial purpose of reducing the overhead of the PDCCH and the processing delay of PDCCH. An exclusive UL grant is available periodically for a specific UE if the SPS is activated by a single PDCCH order. LTE Rel-14 is introducing SPS with reduced cycles. It seems that short SPS could be a promising solution of reducing access latency for URLLC. For example, SPS periodicity can be configured down to a minimum value of one TTI for URLLC so that the transmission can occur immediately whenever URLLC data arrives. However, it comes at the expense of lower resource utilization efficiency because the SPS resource should be maintained even in case of bursty URLLC data, i.e. resources are often not used by the UE for which they are reserved. Such semi-static exclusive scheduling mechanism is more suitable for continuous packet transmission.
Observation 2: Semi-static exclusive scheduling solution might satisfy the URLLC requirement at the expense of low resource utilization efficiency.
2.3 Grant free transmission for URLLC
Compared with dynamic scheduling and semi-static exclusive scheduling, the grant-free transmission is to let users transmit data in an arrive-and-go manner, as illustrated in Figure 2.  Once the data of a UE arrives, it is transmitted immediately in the next available slot, without waiting for NR NB to schedule or send grant. 
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Figure 2 Grant-free transmission with contention based "arrive and go" transmissions
There are many benefits of such “arrive-and-go” transmissions, e.g., Overhead reduction, and Latency reduction associated with latency needed for sending grant request and transmission. Therefore, grant-free transmission has been agreed to be one of the most important candidate technology for UL URLLC [2]. In the following analysis, the period of the grant-free resource, the eNB processing time and the UE processing time are all assumed to be 1 TTI.
In grant-free transmission, multiple UEs share the same PUSCH resource. If no collision happens, the latency of the UL transmission will be reduced down to only 2.5TTI. However, both the probability of detection of UE activity and the probability of successful detection of the data have to be larger than 99.999% to achieve the target BLER of 1x10-5 [6]. 
If more than one UEs access the same grant-free resource at the same time, a collision occurs. There exits two types of collision: 
case 1) the gNB is able to identify the UEs that perform the transmission but cannot decode the data
case 2)=the eNB can neither identify the UEs nor decode the data.
In case 1), the UE activity/identity can be detected by the gNB via the well-managed pilots. The gNB might schedule the identified UEs to perform retransmission. The scheduling message might refer to a NACK feedback or a PDCCH order.
In case 2), the gNB may not be able to send any feedback to the UE. The UE need to perform retransmission on subsequent UL transmission resources after a back off timer expires as the UE assumes the first transmission attempt is not successful. Alternatively, the gNB could schedule all the UEs that share this UL resource to perform retransmission via NACK feedbacks or PDCCH orders.
In case 1, there is additional delay for to the transmission of ACK/NACK feedback, the decoding of the feedback by the UE, the retransmission of the data and the decoding of the retransmission by the gNB. 
In case 2, there is additional delay for timer expiration, retransmission of the data and for the gNB to decode the retransmission. Since the UE has to wait at least a time period until the first opportunity of receiving expected ACK/NACK feedback, the additional delay in the second case is no less than the additional delay in case 1.
I.e. in both cases, the total transmission latency exceeds 0.5ms but still satisfies the latency requirement of 1ms, with TTI length of 0.125ms. According to [6], with two transmissions, the probability of miss detection and the probability of failure detection has to be less than 0.18%. It seems that there is significant reduction on the requirements of the error detection probabilities for both UE activity and data detection. 
Furthermore, automatic and ACK/NACK-less retransmission can be used to reduce the latency and improve the reliability of URLLC service with more stringent latency target. An uplink packet can be transmitted a certain number of times at a pre-configured time and frequency. Since no feedback from the gNB is required, the latency can be further reduced. More details on the analysis of performance of grant-free solution with A/N-less retransmission can be found in [6]. If there are only two consecutive transmissions, the requirements on the error detection probabilities for both UE activity and data detections can be significantly relaxed to 0.18%. For the analysis on latency, since only two re-transmissions is required, a maximum latency of 3.5TTI can be observed. With TTI length of 0.125ms, grant-free solution is capable of supporting the required latency and reliability target.
Proposal 1: support grant-free solution for URLLC.
In LTE, scheduling is not service specific. All logical channels are allowed to use the resource allocated to the UE, except that logical channels not configured with laa-Allowed will not use resource on unlicensed bands. In NR, URLLC is sensitive to latency while eMBB and mMTC are not. To satisfy the stringent requirement of URLLC, the grant-free resource might be allocated by the network frequently, e.g. every sub-frame. If eMBB and/or mMTC data are also allowed to use the grant-free resource for UL transmission, the collision rate will increase to violate the reliability of URLLC service. On the other hand, there is no need to transmit the eMBB and mMTC data in this arrive-and-go manner since they are tolerable to the delay. Such indiscriminate use of grant-free resource leads waste of network resource. Therefore, we propose that grant-free resource allocated to logical channels of URLLC only should be supported in NR. This proposal does not preclude the possibility of allocating grant-free resource with longer periods to eMBB and/or mMTC.
Proposal 2: support allocation of grant-free resource to URLLC service only in NR.
3 Conclusion

In this paper, we discuss legacy scheduling function and propose some enhancements for URLLC. 
Observation 1: Dynamic scheduling solution may not meet the latency and reliability requirements for URLLC. 
Observation 2: Semi-static exclusive scheduling solution might satisfy the URLLC requirement at the expense of low resource utilization efficiency.
Proposal 1: support grant-free solution for URLLC.
Proposal 2: support allocation of grant-free resource to URLLC service only in NR.
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Scheduling for URLLC
For URLLC UL, scheduling based on grant free solution should be supported. The details of the grant-free solution is FFS.
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