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1 Introduction

A new study item on New Radio (NR) Access Technology was approved [1]. For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications).

In LTE, TTI shortening for latency reduction has been studied in RAN1 [2] and the work item on it is just starting [3]. This is a new TTI length in LTE, compared to the legacy TTI length, to support low latency applications with backward compatibility. Similar to the fact that preserving backward compatibility is important in LTE, coexistence among other usage scenarios needs to be considered in the design of URLLC in NR while satisfying URLLC requirements.   


This contribution considers URLLC operation in NR. 
2 Discussions 
Requirement for low-latency


TR38.913 [4] defines the target for URLLC user plane latency to be 0.5 ms for both DL and UL. When reviewing user plane latency for LTE in [5], it can be seen that the user plane latency consists of eNB processing delay, frame alignment (in case of TDD), TTI duration, UE processing delay and HARQ retransmission delay. If it is assumed that the processing time can be proportionally reduced based on TTI length, it turns out that about 0.1 ms can be chosen as TTI length for URLLC, where it is assumed that user plane latency can be proportionally reduced with TTI length by following LTE [5]. The detailed transmission structure can be discussed after the discussion of NR basic numerologies. Also, in [5], the UL access delay is not included in user plane latency, where UL access delay is the time for a UE to obtain the resource for UL transmission. In case of pre-scheduling, UL access delay can become zero.

Regarding HARQ retransmission, RAN1 needs to consider its usability for URLLC. If large HARQ retransmission delay prevents the URLLC UE from being able to meet the low-latency requirement, HARQ retransmission procedure will be useless for URLLC. It is because URLLC packets not satisfying the latency requirement may be out-dated and of no use at all. On the contrary, if HARQ retransmission can be designed with small delay or URLLC packets not satisfying the latency requirement can also be used, HARQ retransmission needs to be supported for URLLC. 
Proposal 1: TTI length for URLLC should be short enough to meet the requirement on user plane latency, e.g., 0.1 ms.

Proposal 2: RAN1 studies whether HARQ retransmission is required and how to support it for URLLC.
Requirement for ultra-reliability


In TR38.913 [4], it can be seen that the target for a general URLLC reliability is 1-10-5 for X bytes within 1 ms. A way to achieve the ultra-reliability is to use low effective code rates with enough frequency-time resources. Since time resource is restricted by latency requirement, it is needed to consider large frequency resource for small data. As a result, channel code design will determine whether the URLLC reliability can be satisfied. For this, RAN1 needs to perform evaluation.

Proposal 3: Design channel code (e.g. LDPC, Turbo, Polar) in order to meet BLER 10-5 for ultra-reliability and observe evaluation results.

Coexistence/Multiplexing of URLLC with eMBB and mMTC


It can be discussed how to serve URLLC with different services, e.g., URLLC and eMBB, URLLC and mMTC, at the same time.  The following approaches can be considerable.
	Approach 1. FDM (without puncturing)

Approach 2. TDM (without puncturing)

Approach 3. Puncturing of eMBB for URLLC
Approach 4. Resource sharing of URLLC/eMBB


Approach 1: For FDD, where a part of bandwidth is configured or reserved for URLLC, the advantage is that this enables URLLC UEs to meet the latency requirement. On the contrary, the problem for this is that, when for some time duration the whole band is allocated to eMBB UEs, URLLC would have to wait for the next time duration. Another issue is that, if a part of bandwidth is reserved for URLLC but no URLLC service exists, the resource becomes wasted.
Approach 2: For TDM without puncturing support, once an eNB schedules whole frequency resource for eMBB and mMTC, URLLC UEs need to wait for scheduling. This results in delayed URLLC transmissions and can fail to satisfy the latency requirement. If the frame structure is designed to meet the latency requirement of URLLC, there will be no issue for URLLC but this would reduce efficiency of eMBB transmissions. If variable TTI lengths are designed for eMBB and URLLC, e.g., a longer TTI for eMBB, then the URLLC would have to wait for the long TTI  of eMBB before a transmission is possible.
Approach 3: With the puncturing approach, URLLC is supported by using the resource already scheduled for eMBB or mMTC. If mMTC occupies smaller bandwidth compared to whole system bandwidth, e.g., NB-IoT in LTE using only a single PRB, there might be no issue if URLLC is only supported by puncturing the eMBB resources. In this manner, coexistence between eMBB and URLLC can have priority. Figure 1 shows an example where a resource already scheduled for eMBB data is vacated and re-mapped for newly-arrived URLLC data. If the same transport block and code block structure as in LTE are assumed, decoding for some code blocks of eMBB data is likely to fail. In this case, how to restore this eMBB data, if necessary, will be the main issue. 
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Figure 1: Example of puncturing of eMBB data for URLLC
The puncturing method can have two categories: transparent puncturing and non-transparent puncturing.  
· In transparent puncturing the eMBB UE is not aware of the existence or the location of URLLC allocation. 

· In non-transparent puncturing the eMBB UE is aware of some information about the allocation of URLLC, e.g., whether or not URLLC exists during the eMBB allocation. The eMBB UE may also have full information about the URLLC allocation including the location of URLLC allocation.

The transparent puncturing method does not need extra signaling to the eMBB UE about the URLLC allocation while the non-transparent puncturing method requires some signaling to indicate the eMBB UE the information of URLLC allocation. When the eNB can be indicated by URLLC occurrence, it can be considered for the eNB to use rate-matching instead of puncturing. RAN1 can further study signaling for non-transparent method. 

For collision between eMBB and URLLC, several solutions can be considered, e.g., usual retransmission of eMBB data, partial retransmission of eMBB data and insertion of URLLC occurrence indication, for transparent puncturing and non-transparent puncturing. 
Approach 4: In Approach 1 to Approach 3, frequency-time resource is not shared between URLLC and eMBB. Differently from the above approaches, the resource sharing of URLLC and eMBB can be also considered. One possible scheme is to use superposition. With increasing URLLC traffic, the puncturing method as in Approach 3 can degrade eMBB performance due to the increases effective code rate. In this case, to mitigate eMBB performance degradation, superposition transmission as shown in Figure 2 can be a good alternative. Although eMBB and URLLC receivers can suffer from interference effects incurred by superposition transmission, they can overcome the effects by applying interference suppression techniques such as MMSE-IRC, symbol-level IC, interference aware detection, and so on. Additionally, the eNB can reduce the interference effects by controlling superposition parameters such as the number of superposed symbols, power ratio between superposed symbols, and so on. Another possible scheme for resource sharing is to use MU-MIMO that can enable efficient utilization of spatial domain. MIMO can provide a solution for URLLC and eMBB multiplexing, e.g., beamforming and MU-MIMO. In Approach 4 resource sharing, performance degradation due to interference needs to be carefully examined, especially for the ultra-reliability requirement of URLLC.
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Figure 2: Example of superposition transmission for multiplexing eMBB and URLLC.
For coexistence/multiplexing of URLLC and eMBB, it is needed to investigate advantages and drawbacks relative to performance and complexity of various schemes including the above approaches. 
Proposal 4: RAN1 studies how to support URLLC/eMBB multiplexing with satisfying ultra-reliability and low-latency requirements for URLLC.
Fast UL access scheme


One of the bottlenecks for URLLC transmission is the delay from the URLLC arrival time to a UE to the actual transmission time in the UL. If the UE does not have any UL resource for URLLC transmission, it needs to wait until it obtains an UL grant from the eNB. Even if the UE has a SR resource in every subframe, it takes at least 8 ms in LTE for FDD. This issue will be much more severe and the delay would be much longer for TDD. According to configuration or operation of TDD frame structure, if defined in NR, the UL access delay could be too large to meet URLLC latency requirement. 


Other than SR-based UL transmission, grant-free/contention-based/pre-scheduling-based UL transmission schemes can be considered. If there is a positive contention possibility for grant-free/contention-based transmission, the contention probability needs to be determined in a calculation or evaluation of reliability. Besides, pre-scheduling may require too much resource overhead and resources can be wasted.  However, this can be useful and efficient for some cases, e.g., when a UE’s URLLC UL traffic is predictable.
Proposal 5: RAN1 considers fast UL access schemes in order to satisfy the URLLC latency requirement.
Proposal 6: For collision-based UL transmissions, the collision probability should be included in the evaluation of the URLLC reliability requirement.

TDD frame structure for URLLC support
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Figure 3: Frame alignment delay between the actual arrival time and the transmission starting time


A TDD system can experience more delay for URLLC transmission than FDD because of the necessary DL and UL switching. As it can be seen in Figure 3, TDD inherently causes additional delay for actual transmissions compared to FDD. To reduce the delay, one solution is to reduce the TTI length and allocate DL and UL alternately, i.e., DL, UL, DL, UL, and so forth.  However, one drawback of alternating DL and UL TTI is that the TDD DL and UL ratio might not be the optimal configuration for the system traffic load and there is additional overhead due to the guard periods between DL and UL switching. 

Proposal 7:  RAN1 investigates the requirements and support of URLLC in TDD.
3 Conclusions
In this contribution, the high-level discussion of URLLC support in NR was provided. It can be summarized as below.
Proposal 1: TTI length for URLLC should be short enough to meet the requirement on user plane latency, e.g., 0.1 ms.
Proposal 2: RAN1 studies whether HARQ retransmission is required and how to support it for URLLC.
Proposal 3: Design channel code (e.g. LDPC, Turbo, Polar) in order to meet BLER 10-5 for ultra-reliability and observe evaluation results. 
Proposal 4: RAN1 studies how to support URLLC/eMBB multiplexing with satisfying ultra-reliability and low-latency requirements for URLLC.
Proposal 5: RAN1 considers fast UL access schemes in order to satisfy the URLLC latency requirement.
Proposal 6: For collision-based UL transmissions, the collision probability should be included in the evaluation of the URLLC reliability requirement.
Proposal 7:  RAN1 investigates the requirements and support of URLLC in TDD.
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