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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.” 

According to the NR WI [1], the reliability aspect will be handled at a later phase, therefore latency is the main discussion point in this contribution. We discuss about data transmission especially about dynamic scheduling based DL/UL transmission for URLLC services and achievable latency. Since URLLC is the focus here, we will discuss the operation related to self-contained operation. The following agreements have been made in previous RAN1 meetings:
Agreements: (RAN1 NR Ad-Hoc)
· 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)
· 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 #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)


2 [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Scheduling based URLLC transmission
As indicated in TR38.802 [3], the outcome of the NR SI, 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 resource utilisation. Furthermore URLLC traffic can be flexibly multiplexed with eMBB; URLLC traffic is to be given higher priority than eMBB 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. With the introduction of self-contained slot, the introduced latency of dynamic scheduling can be reduced and it can potentially satisfy the URLLC latency requirement [4]. Moreover, there will be various URLLC applications that have a wide range of latency and reliability requirements, and scheduling based transmission can be used to satisfy the requirements of many such applications.
Observation 1: Dynamic scheduling for URLLC is very flexible and provides high spectral efficiency. The main downsides of dynamic scheduling are the inherent delay introduced in UL by the grant hand shake mechanism plus control overhead for regular small packet transmission. 
Observation 2: Scheduling based transmission is supported for URLLC due to its flexibility and high spectral efficiency.
2.1 DL/UL transmission and HARQ operation
Obviously, from latency point of view, TDD is more challenge than FDD. And further considering the stringent latency requirements, self-contained operation is taken as one example to illustrate the operation. As discussed in [5], self-contained operation is based on the usage of bi-directional slots, where HARQ and scheduling times are defined in the following way: 
· DL assignment and corresponding DL data are conveyed in the same slot K=0.
· DL data and corresponding acknowledgement are conveyed in the same slot: K1=0.
· UL assignment and corresponding UL data are conveyed in the same slot: K2=0.




[bookmark: _Ref453967209]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 and the SR can be conveyed in the 2nd slot. The first data transmission takes place in the 3rd slot. From the figure, it should be noted that due to very limited processing time between 1st transmission and the DL control, 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 first retransmission can only take place at slot #5 which brings quite some additional latency. And the result is that within 0.5ms time window, there will be only one 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. 

Different enhancements could be applied to reduce the retransmission latency for example proactive repetition (a.k.a. aggregative retransmission or blind retransmission for URLLC). 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 1st retransmission. 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 retransmissions of the same TB and the pre-allocated resources are released. The multi-slot scheduling method shown in Figure 2 can be seen 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 not only for the purpose of 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.



[bookmark: _Ref477793637]Figure 2 Example of DL HARQ processing with multi-slot scheduling
Similar to the case of UL, in case with DL, with the help of cross-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. 



[bookmark: _Ref477815908]Figure 3 Example of DL HARQ processing with multi-slot scheduling
Observation 3: 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.

2.2 Scheduling request (SR) enhancement for UL grant based transmission
It has been discussed in RAN1 that the NR is targeted to support various URLLC services with different requirements and KPIs. As discussed above, SR based dynamic transmission has its advantages and can be applied for supporting URLLC services. An example of the signaling flow is shown in the following Figure 4 where before data transmission, UE sends scheduling request and waits for UL resource grant before sending the data packet.



[bookmark: _Ref477850257]Figure 4 SR-based UL dynamic transmission
As dynamic scheduling based UL transmission will be used for all different types of services including eMBB and URLLC at least, it would be beneficial for gNB to be aware of key requirements in order to make an optimized scheduling decision. For example for some URLLC applications, it is necessary to provide the latency and reliability simultaneously. This entails that a payload should be delivered with high success probability with a limited number of transmission attempts. On the other hand, there might be cases where latency is more important and moderate reliability is sufficient. In general network knows the service properties from the UE. The problem is usually such information is not available at gNB and even gNB has possibility to get such information, the UE can have various service as well which brings further difficulties to eNB scheduling. 
In order to enable gNB to be aware of the critical requirements, certain enhancements on scheduling request can be considered. One potential solution is to include addition information about the UL data packets in the SR. For example, for time critical services, the available latency budget information can be included in SR in top of the packet size. Based on the latency budget information, gNB can properly schedule resources for different UEs. The latency budget information can also help to minimize the impact due to the error case from SR reception. To be more specific, if the first SR is not successfully decoded at gNB, when UE retransmitting the SR message, the latency budget information can be updated to reflect the error case to make sure the success delivery of the packet within the required time window. 
Additional information in SR will also result in additional overhead and more resource usage, especially as the SR opportunity should occur very frequently, even multiple times in a slot. Additional SR information will also reduce SR coverage in UE Tx power limited scenarios. Hence only essential information can be carried by URLLC SR. Further, network should be able to flexibly configure the presence and amount of additional SR information, so that it can adjust URLLC SR overhead while taking into consideration e.g. typical number of URLLC UEs in cell, or typical cell load, as well as to ensure URLLC SR coverage.
Another aspect worth to point out is the resource for SR transmission. In LTE, the minimum SR periodicity is equal to 1 ms as in LTE Rel-14 the smallest UL TTI is a 1ms subframe which is not sufficient at all for NR URLLC where the U-Plane latency can be 0.5 ms. The issue was discussed during NR SI, leading to agreement that for URLLC, time interval between SR resources configured for a UE can be smaller than a slot [3]. In NR, it is more preferred that SR resource is available almost in all UL resources to meet the stringent latency requirement, for example semi-static resource reserved for URLLC UEs to transmit SR.
Proposal 2: The SR for URLLC is allowed to carry addition information for example packet size, latency budget information to enable gNB supporting ultra-low latency services. 
Observation 4: Resource for transmitting URLLC SR should be available very frequently, preferred way is semi-static resource reserved for URLLC SR transmission. 

[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: Dynamic scheduling for URLLC is very flexible and provides high spectral efficiency. The main downsides of dynamic scheduling are the inherent delay introduced in UL by the grant hand shake mechanism plus control overhead for regular small packet transmission. 
Observation 2: Scheduling based transmission is supported for URLLC due to its flexibility and high spectral efficiency.
Observation 3: 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.
Proposal 2: The SR for URLLC is allowed to carry addition information for example packet size, latency budget information to enable gNB supporting ultra-low latency services. 
Observation 4: Resource for transmitting URLLC SR should be available very frequently, preferred way is semi-static resource reserved for URLLC SR transmission. 
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