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1 Introduction
The objective of the approved RAN NR WI [1] is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [2]. According to TR38.913 [2] the required U-Plane latency in both UL and DL is 0.5 ms without strict reliability requirement. Regarding to the simultaneous latency and reliability requirements, it is specified as reliability of “10-5 within 1ms and targeted user experience data rate 32 bytes.” 

We discuss about high reliable data transmission especially about dynamic slot based scheduling DL/UL transmission for URLLC services. Since URLLC is the focus here, we will discuss the operation related to multi-slot scheduling due to the clear benefit on latency reduction. The reliability aspect of the scheduling information transmission is discussed in a companion paper [3]. The following agreements have been made in previous RAN1 meetings:
Agreements: (RAN1 NR Ad-Hoc#1)
· Timing between DL assignment and corresponding DL data transmission is indicated by a field in the DCI from a set of values 
· The set of values is configured by higher layer
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing

Agreements: (RAN1 NR Ad-Hoc#1)
· NR UE supports a set of minimum HARQ processing time
· FFS: set size
· NR supports different minimum HARQ processing time at least for across UEs
· The HARQ processing time at least includes:
· Delay between DL data reception timing to the corresponding HARQ-ACK transmission timing
· Delay between UL grant reception timing to the corresponding UL data transmission timing
· NR UE is required to indicate its capability of minimum HARQ processing time to gNB
· FFS how the capability is indicated by UE
· e.g. reported processing time granularity
· e.g. dependency of DMRS pattern configuration
· FFS definition of minimum HARQ processing time
Agreements: (RAN1 NR Ad-Hoc#1)
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions

Agreements: (RAN1 #86bis)
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· 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)


Agreements: (RAN1 #88)
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply
[bookmark: _Hlk489616637]Agreements: (RAN1 #89)
· All Rel. 15 UE supports minimum value of K0 equal to 0, i.e., DL assignment and the scheduled DL data are in the same slot. 

[bookmark: _Hlk492443542]Agreements: (RAN1#90)
· Remove the support for 7-symbol slots from NR
· It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling
· Note: at least 14-symbol, 7-symbol, and 2-symbol CORESET monitoring periodicities are supported for non-slot-based scheduling
· Removing 7-symbol slot does not imply to remove the agreed design of 4- to 7-symbol long PUCCH
· Allow additional DMRS position with non-slot based scheduling

2 [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Multi-slot scheduling for URLLC transmission
Scheduling based transmission will be supported in both DL and UL. With dynamic scheduling, the network can assign the resources to the UE in a very flexible manner according to the amount of data in the buffer and hence optimize the radio resource utilisation. Furthermore, URLLC traffic can be flexibly multiplexed with eMBB; URLLC traffic can be given higher priority than eMBB traffic to minimise queuing latency. Considering URLLC traffic, one potential concern is the additional latency in UL due to the resource request and grant before the UL data transmission. This delay is prolonged by potential HARQ retransmissions also using dynamic scheduling. Considering the latest agreement from RAN1#90 “removing the support of 7-symbol slots from NR”, the slot length becomes longer, for example in case of 15kHz subcarrier spacing, the slot length becomes 1ms. However, it is also agreed that “It is allowed to have more than one DL/UL switching points within a 14-symbol slot by using non-slot-based scheduling” and non-slot-based scheduling becomes necessary for URLLC in order not to bring additional latency due to the increase of slot length. 
Obviously, from latency point of view, TDD is more challenge than FDD. Non-slot based scheduling based HARQ operation is discussed below. Taking 7-symbol mini-slot (GAP symbol is included in DL mini-slot just for the purpose of illustration) as one example and assuming that there is only one switching point in the 14-symbol slot. 
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Figure 1 Example of UL HARQ processing
Figure 1 illustrates one example with dynamic scheduling based UL transmission where it is assumed that the data packet arrives at a time instant in the 1st slot (more specifically, UL mini-slot) and the SR can be conveyed in the 2nd slot. With the assumption that there is sufficient time for gNB to process SR and also scheduling the UL resource, the first data transmission can take place in the 3rd slot. From the figure, it should be noted that due to very limited processing time between 1st data transmission in slot #3 and the DL control in slot #4, slot #4 has to be used for processing and preparing for feedback and resource allocation for the possible retransmission. And hence slot#4 cannot be used for re-transmission and the second transmission can only take place at slot #5 which brings quite some additional latency. And the result is that within 1 ms time window, there could be no re-transmission opportunity. This might not be sufficient for some cell edge URLLC UEs especially in case time duration of the transmissions is important to achieve high reliability within a very short time window for example with limited UE Tx power in UL. It should be pointed out that with the agreement of allowing having more than one DL/UL switching points within a 14-symbol slot, there is chance that the latency can be reduced further. 
Observation 1: Non-slot-based scheduling and allowing multiple DL/UL switching points within a 14-symbol slot are essential to support URLLC. 
[bookmark: _GoBack]Different enhancements could be applied to reduce the retransmission latency for example proactive repetition (a.k.a. aggregated retransmission or blind retransmission for URLLC). This is also referred to as the support of K repetitions for an UL transmission scheme with grant, as agreed in the previous meetings. In case with proactive repetition, multiple resources in adjacent slots can be allocated to the same TB as illustrated in Figure 2 where two different scheduling options are shown. According to Option 1, after receiving SR in the second slot, the gNB can allocate resource for both initial transmission and the retransmissions (for example up to K repetitions). Comparing to Figure 1, slot #4 can be utilized for the 2nd transmission. In the example given in Figure 2, in case the 1st transmission is sufficient and ACK is sent in slot #5. ACK can also serve the purpose of requesting UE to stop all the following transmissions of the same TB and the pre-allocated resources are released. The multi-slot scheduling method shown in Figure 2 can be understood as one type of the slot aggregation scheduling option, i.e., the same TB in multiple slots (with the same or different RVs). Multi-slot scheduling can be used for the purpose of not only reducing signaling overhead, but also reducing the overall latency. 

Another alternative (i.e. Option 2 in Figure 2 shown with red curves) to achieve the goal of blind retransmission is to send UL resource information in each slot. Comparing to Option 1, multiple independent DL signals (up to K with the assumption that one packet can be sent up to K times) are needed which can bring more signaling overhead and also impacts on the reliability.
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Figure 2 Example of UL HARQ processing with multi-slot scheduling
Similar to the case of UL, in case with DL, with the help of multi-slot scheduling, the proactive retransmission can be implemented as shown in Figure 3 (with option 1 only) and it is assumed the 1st transmission is successfully received. 
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[bookmark: _Ref477815908]Figure 3 Example of DL HARQ processing with multi-slot scheduling

Observation 2: In case of URLLC, multi-slot scheduling can be used to reduce the transmission latency at the cost of possible resource waste.
Proposal 1: Aggregated slot based scheduling (or multi-slot scheduling) for the same TB can be supported for URLLC UEs.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]3	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this document, after discussing the application of dynamic scheduling to URLLC, we have the following observation and proposals:
Observation 1: Non-slot-based scheduling and allowing multiple DL/UL switching points within a 14-symbol slot are essential to support URLLC. 
Observation 2: In case of URLLC, multi-slot scheduling can be used to reduce the transmission latency at the cost of possible resource waste.
Proposal 1: Aggregated slot based scheduling (or multi-slot scheduling) for the same TB can be supported for URLLC UEs.
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