3GPP TSG-RAN WG1#NR																			R1-1701051
Spokane, USA, January 16-20, 2017

Agenda item:		5.1.4
Source:	Nokia, Alcatel-Lucent Shanghai Bell
Title:	On the mini-slot scenarios in NR
Document for:		Discussion and Decision
1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]. 
This contribution relates to anticipated mini-slot usage scenarios in the new radio. In RAN1, the following agreements and working assumptions related to mini-slot have been made until now:
Agreements: (RAN1 #86)
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged

Working assumptions: (RAN1 #86bis)
· The NR frame structure should support both slots and mini-slots
· FFS: Timeline granularity for monitoring control of the mini-slot
· FFS: Terminologies of mini-slot

Agreements: (RAN1# 87)
· 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

· NR-PDCCH monitoring at least for single-stage DCI design,
· NR supports the following minimum granularity of the DCI monitoring occasion: 
· For slots: once per slot
· When  mini-slots are used: FFS if every symbol or every second symbol
· FFS with respect to which numerology if slot and mini-slot have different numerology (e.g. SCS, CP overhead)
· Note: slot/mini-slot alignment is not assumed here 
· Note: This may not apply in all cases

We cover mini-slot design aspects by a companion contribution [3].  
2	Discussion
We think that three main scenarios that could benefit from mini-slots are:
· Latency reduction
· Unlicensed band operation
· Operation in mm-wave bands 
In the following we provide more details on these scenarios. Furthermore, we discuss the connection between UL waveform and mini-slot design in Section 2.4. 
2.1	Latency reduction
As agreed in RAN1#86, two possible scheduling units being considered for the NR are 1) slot and 2) mini-slot. 
· The length of a slot is either 7 or 14 OFDMA symbol (y=7, or y=14)
· Provided that mini-slot should support transmission shorter than y OFDMA symbols, the mini-slot length may vary between 1 and 6 OFDMA symbols.

A motivation behind introduction of mini-slot on top of NR frame structure is latency reduction. On the other hand, as discussed e.g. in [4] short symbol/slot duration on top of bi-directional subframe provides inbuilt support for low latency, provided that UE/eNB processing times are reduced accordingly. For example, 
· Assuming slot length of 7 OFDMA symbols and subcarrier spacing of 60 kHz, it is possible to achieve the URLLC 0.5ms user plane latency target for both FDD and TDD. In this case, it is also very challenging from UE/eNB processing time perspective if the scheduling unit is further reduced to be less than 7 symbols.
· With slot length of 7 OFDMA symbols and subcarrier spacing of 60 kHz, it is possible to achieve URLLC latency target with reasonable processing times also in the scenario of dynamic scheduling based access.

Based on the discussion above, it seems that when operating with large subcarrier spacings the need for mini-slot is quite limited at least from latency reduction point of view. On the contrary, when operating with smaller subcarrier spacings (such as 15 kHz), mini-slot can be seen as a reasonable option for latency reduction, as discussed e.g. in [4].
Also with eMBB traffic, we see system level gains with mini-slot with 15 kHz subcarrier spacing, in particular with 2-symbol mini-slot which offers a favorable trade-off between latency and spectrum efficiency (signaling overhead).
Observation #1: 15 kHz subcarrier spacing can be seen as the most relevant mini-slot scenario from latency point of view

2.2	Unlicensed band operation 
When NR is applied on unlicensed band requiring contention based channel access procedure, it is beneficial that gNB or UE can swiftly occupy channel once the channel access procedure indicates the channel to be vacant. If gNB or UE waits for too long in self-deferral to align transmissions with slot boundary, more agile systems may occupy the channel in the meanwhile. 

There are a few options to occupy the channel in a swift manner: 
· Time scale between the consecutive possible transmission starting positions is sufficiently short in light of the channel access procedure time scales determined e.g. in regulations.     
· Slot timing is made floating. This approach significantly deviates from the basic paradigm of frame based access and, hence, introduces complexity e.g. in multiplexing of periodic signals bound to the frame structure and in control signal timing.
· eNB or UE transmits reservation signal from channel access to the next slot boundary. However, reservation signal is unnecessary overhead.

Mini-slot presents an efficient way to reduce the time between the consecutive possible transmission starting positions. However, more frequent transmission starting positions increase control channel blind decoding burden on the UE side and reasonable trade-off between the control channel decoding burden and frequency of transmission starting positions is needed. The benefit from having transmission starting position intervals in the order of Clear Channel Assessment observation time (9us – 20us) is unclear. Instead transmission starting position intervals that are roughly an order of magnitude longer than CCA observation time could be investigated. It can be noted that the slot duration is already in that kind of order of magnitude with a large subcarrier spacing, e.g. 60 kHz, and slot length of 7 OFDMA symbols. However, when operating with smaller subcarrier spacing, e.g. 15 kHz, mini-slot may provide a reasonable option for increasing the number of potential transmission starting positions on unlicensed band operation. 
  
Observation #2: Mini-slot provides a way to reduce the time between the consecutive possible transmission starting positions when operating on unlicensed band

When gNB is contending for channel access on unlicensed band, eNB needs to have a mini-slot or slot ready for transmission, but it does not know when it can access channel and transmit the prepared mini-slot/slot. If mini-slot structure depends on the time, e.g. in terms of scrambling or pilot positions, eNB needs to repeatedly re-build mini-slots with the same data while it is contending for channel access. A simpler implementation is achieved if eNB can build a mini-slot only once and then wait for channel access. This is possible if mini-slot structure/signal does not depend on time. Of course, this presents challenges for multiplexing of periodic signals to mini-slots, which requires further studies. Also uncompromised inter-cell interference randomization via scrambling may be needed in some scenarios, implying that the time dependency/independency of mini-slot structure could be a configurable option.
Proposal #1: Possibilities for mini-slot structure independent from time are investigated.  

2.3	Mm-wave band operation 
The beamforming architecture used in the gNB needs to be taken into account also in the mini-slot design. Typical characteristics for hybrid beamforming operating with limited number of RF beams in parallel is that the beams can cover only portion of the cell coverage at a time as shown in Figure 1. In this example the BS has capability to form 2 RF beams at a time. The narrower a beam the less UEs can share the same beam and thus given the low number of available high accuracy and large bandwidth TXRUs, the multiplexing capacity will be limited by the number of TXRUs. 
Considering physical layer design, and taking into account the hardware limitation, it should be possible to facilitate efficient TDM within slot, in order to get reasonable payload sizes for DL and UL shared channels. Mini-slot can be seen as a solution to facilitate TDM within a slot in an efficient manner.
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Figure 1. Sector coverage using limited number of narrow RF beams at a time.

Observation #3: Mini-slot can be used to facilitate efficient TDM within a slot when operating in mm-wave band using hybrid beamforming architecture.   

2.4	Connection between UL waveform and mini-slot
It was agreed in RAN1#86bis that “NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz”. The main motivation behind DFT-S-OFDM is to provide at least the same link budget (i.e. MCL) for the new radio compared to LTE UL. On the other hand, it is commonly understood, that mini-slot does not provide coverage benefit for link budget limited scenarios in UL (e.g. compared to slot based operation), simply because of the short transmission time. Furthermore, single carrier limitation can be seen as a considerable constraint for the mini-slot design e.g. when considering multiplexing between control and data within the mini slot. Based on the discussion, we make the following proposal [5].
[bookmark: _GoBack]Proposal #2: Mini-slot design is based on CP-OFDM, not DFT-S-OFDM, at least in NR Phase I.

3	Conclusions
In this contribution we have discussed the mini-slot usage scenarios in the new radio. Based on the discussion, we make the following observations and proposals:
Observation #1: 15 kHz subcarrier spacing can be seen as the most relevant mini-slot scenario from latency point of view
Observation #2: Mini-slot provides a way to reduce the time between the consecutive possible transmission starting positions when operating on unlicensed band
Observation #3: Mini-slot can be used to facilitate efficient TDM within a slot when operating in mm-wave band using hybrid beamforming architecture.   
Proposal #1: Possibilities for mini-slot structure independent from time are investigated.  
Proposal #2: Mini-slot design is based on CP-OFDM, not DFT-S-OFDM, at least in NR Phase I
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