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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC, and mMTC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. Of these, the need to support URLLC implies that NR design should strive to have ability to provide significantly lower latency than LTE.  The Mini-slots are expected to be one key feature which can provide flexible resource allocation with low latency for NR by allowing to scheduling allocations to happen in mid slot and pre-empt on going non mini slot based transmissions.    

In this document we provide an overview of the control channel design and HARQ feedback for min slot based design. The key objective is to provide full flexibility of operation in terms of scheduling instances while keeping the UE complexity at a minimum. 
2 General Requirements of Mini Slot in NR
An important design goal for the NR frame structure therefore is the ability to support multiple types of links (e.g. DL/UL/Backhaul/Sidelink) simultaneously operating on an NR carrier. Even initial NR deployments are expected to require this capability on a dynamic basis in order to adapt to varying traffic patterns in the case of eMBB or very flexible and granular resource allocation for URLLC traffic. Mini-slots are expected to be one key feature to meet this design goal for NR by enabling more dynamic resource allocation compared to a fixed slot-based transmission.   

During RAN1#87 meeting the following agreements were reached regarding the design of mini-slots:

Agreements:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· FFS whether DL control can be supported within one mini-slot of length 1 

· Lengths from 2 to slot length -1

· FFS on restrictions of mini-slot length based on restrictions on starting position 

· For URLLC, 2 is supported, FFS other values 

· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions

· Can start at any OFDM symbol, at least above 6 GHz

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 

The following sections address remaining details of the mini-slot design for NR.
2.1 Use cases for Mini-slots
Mini-slots are expected to be beneficial for at least the following use cases:

· URLLC: to support resource allocation with fine granularity and low latency
· Efficient time-domain multiplexing when large carrier bandwidth is available such as when NR is deployed on mmWave spectrum.
· IAB (integrated access and backhaul): to support efficient dynamic TDD resource allocation in the case of switching between both the backhaul directions as well as the DL and UL subframes of the access links [2]
· The mini-slot design can also be used for LTE and NR coexistence on the same carrier. One of the scheme identified for such a co-existence is based on the usage of MBSFN sub-frame. However in this case the first symbol (or multiple symbols if NR is using a subcarrier spacing > 15KHz) needs to be skipped as it contains the legacy LTE CRS. Mini-slot based transmissions can be used to send the DL control and start the transmission of the NR subframe [3].
Even though some of the above use cases may not be defined in the Phase 1 of the NR specification, it is important to understand the requirements so that the design is forward compatible. Slot based transmission are expected to always start in the beginning of a slot, whereas mini-slot based transmission are intended to start in mid-slot. So in terms of feature design it does not make sense to put any restriction on the start time of a mini-slot, otherwise the same can be achieved by simply defining a smaller slot length. Also as agreed the mini-slot transmission cannot be across a slot boundary, in other words the start time and end time of a mini-slot should be entirely within one slot. 
Proposal 1: Mini-slot design should consider full forward compatibility and flexibility and not put any restriction on the start time of the transmission. 
3 Control Channel Design Consideration for Mini-Slot
From a UE point of view one of the key requirement is for it to support the ability to start the transmission on ANY OFDM symbol (except the first OFDM symbol). This implies that a mini-slot capable UE needs to monitor for the presence of DCI in EVERY OFDM symbol. The first OFDM symbol for slot based transmission and every subsequent OFDM for mini-slot based transmission. This could have a significant impact on the UE complexity and battery life. Therefore the indication of the presence of DCI for mini-slot needs to be signalled by the presence of a very light weight control channel which is easy to monitor in every OFDM symbol. 
In [4] we provided a proposal for a multi stage control design. In this multi stage design as shown in , Part 1 of the control channel is based on the principles of using a ePCFICH like concept which indicates key aspects of the Part 2, such as location (PRBs), modulation format, and code rate, other FEC parameters etc. Subsequently Part 2 contains rest of the DCI. This multi stage control channel is an efficient design for mini-slot as well since it only requires the UE to monitor for the presence of part 1. The part 1 of the control channel is significantly much easier to detect since there is no blind detection or hypothesis testing involved, and the location of the part 1 is always fixed. Only once the UE detects part 1 of the control channel it attempts to decode the part 2 based on the information contained in part 1, which at least includes the modulation, code rate, FEC type, and the location of the part 2. However it is possible that part 1 may contain other information as well, but that is FFS at this point. 
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Figure 1 Usage of Two Stage Control Channel for Efficient Detection of Mini-Slot Based Scheduling

Proposal 2: Use a multi stage design of the control channel with the first stage based on ePCFICH, to reduce the UE complexity and processing involved in detection of the mini slot. The part 1 of the control channel carries minimum amount of signaling data with fixed format and location thereby making it easier to detect. The rest of the DCI is contained in the part 2. 
4 HARQ Design for Mini-Slot Based Transmission
It is desirable to use the same HARQ feedback mechanism in both DL and UL for both mini-slot based transmissions as well as slot based transmissions, at least in Phase 1. This would imply that we do not need to define new DCI/UCI and feedback mechanism for mini slot and the same design as used by slot based transmissions can also be used here. From a UE perspective there should be only one slot based or mini-slot based transmission in a given slot [5]. 

Proposal 3: For mini slot ad slot based transmission of a given UE the following should be observed:

· If a UE is scheduled for a slot based transmission it cannot be scheduled for a mini-slot based transmission

· If a UE is not scheduled for a slot based transmission it can be scheduled for up to one mini slot based transmission. 

By ensuring that in any given slot the UE can be scheduled for only a slot based transmission or up to 1 mini-slot based transmission we ensure that UE can re-use its HARQ processes seamlessly across slot based and mini-slot based transmissions, and does not require more HARQ processes for supporting mini-slot based transmissions. However from a network point of view there should be no restriction on how many mini-slot based transmissions are scheduled in a slot as long as it observes what is indicated in proposal 3. 
For HARQ ACK/NACK feedback we propose to use the same design as is used for the slot based transmissions. In NR the HARQ feedback duration can be UE specific and configured semi-statically, depending on various factors such as UE capability, slot length etc. If we ensure that for a given UE only 1 slot based or mini-slot based transmission can happen in a given slot then we can use the existing HARQ interlace as proposed for slot based transmission as shown in Figure 2. In this figure we show that both slot based and mini-slot based transmission use the same HARQ interlace e.g. 2 slots. As mentioned the number of slots in the interlace is semi-statically configured based on a variety of parameters such as UE capability. 
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Figure 2 Slot Based and Mini-Slot Based HARQ Interlace

Proposal 4: Both mini-slot based and slot based transmissions should use the same HARQ mechanism including things such as number of processes feedback periodicity, and interlace design.  

5 Conclusion

This contribution analyzed the requirements for mini-slot design and operations in NR. The following proposals were made:

Proposal 1: Mini-slot design should consider full forward compatibility and flexibility and not put any restriction on the start time of the transmission. 
Proposal 2: Use a multi stage design of the control channel to reduce the UE complexity and processing involved in detection of the mini slot. The part 1 of the control channel carries minimum amount of signaling data with fixed format and location thereby making it easier to detect. The rest of the DCI is contained in the part 2. 

Proposal 3: For mini slot ad slot based transmission of a given UE the following should be observed:

· If a UE is scheduled for a slot based transmission it cannot be scheduled for a mini-slot based transmission

· If a UE is not scheduled for a slot based transmission it can be scheduled for up to one mini slot based transmission. 
Proposal 4: Both mini-slot based and slot based transmissions should use the same HARQ mechanism including things such as number of processes feedback periodicity, and interlace design.  
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