Page 1

3GPP TSG-RAN WG1 NR Ad-Hoc Meeting
R1-1700379
Spokane, USA, 16th- 20th  January 2017
Source: 
Intel Corporation 
Title:                     
Considerations on mini-slot for NR
Agenda item:
5.1.4
Document for:
Discussion and Decision
1 Introduction
In RAN1 #87, several aspects of mini-slot definition were discussed and the following was agreed [1]: 
	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. 


This contribution provides our views on the remaining issues to enable “mini-slot” operation for NR, including potential use cases, candidate lengths and multiplexing between mini-slot and slot etc. We discussed the other issues specific to URLLC application and the aligment between slot and mini-slots in our companion contribution [2] and [3], respectively. 
2. Discussion
2.1 Use cases 

Packet data latency is a key performance metric for NR systems, not only for URLLC services but also for eMBB applicatons. It was identified in [4] that a shorten TTI constitutes a efficient mechanism to significantly reduce user plane latency and improve the throughput of the domainating TCP-based applications due to a faster TCP ACK during TCP slow start phase. The importance of eMBB Latency still holds for NR and any specifications developed for mini-slot should take the eMBB latency considerations into account. 
For above 6 GHz, NR communications suffer from huge propagation loss and analog beamforming (ABF) is one essential technique to solve this issue by steering the beam energy coherently at narrow direction(s). Typically, there have only rather few users in the coverage of a narrow beam e.g. one or two. The mini-slot could provide operators a finer resource allocation granularity in time domain to achieve efficient bandwidth utilization. For example, a beamformed small eMBB packet can be fit into a mini-slot over wider chunks of RBs to improve the resource efficiency.   
LTE supports LAA transmissions on either slot or subframe boundary. Being able to start data transmission only at one instant every slot clearly has limitation in terms of unlicensed NR transmission in highly loaded case as another transmitter may grab the channel in the meantime. Although it can be avoided by eNB implementation to start transmission of an arbitrary “reserved signal” until the slot starts to grab the channel, it leaves room for optimization in NR to improve the resource efficiency. The mini-slot should also address the area of flexible resource utilization on unlicensed band. 
Mini-slot mechanism is expected to play an important role to share resourece in time for coexistence between NR and LTE in a same frequency band. For instance, NR can utilize the unused data region of MBSFN subframe of an LTE carrier with mini-slot transmissions.      
Based on the above discussions, we propose: 

Proposal 1: 
Except URLLC, the support and improvement for the following use cases should be addressed for support mini-slot, including

· Low latency eMBB transmission, 
· Analog beamformed eMBB transmission for small packets, 
· Unlicensed spectrum,  
· Coexistence of LTE and NR. 

2.2  Design considerations 
To enable the coexistence between slot and mini-slot UEs on a same carrier, some form of multiplexing should be considered. One simplest solution is to separate the slot and different mini-slots on different PRBs, as shown in FIG.1(a). Although collisions between slot and mini-slots are fully avoided, this option may result in either low resourece efficiency or an increased latency. 
In principle, some collisions between the PDSCH corresponding to the slot and mini-slot, as illustrated in FIG. 1(b) and (c), can be allowed to improve the resourece utilization with better scheduler flexibility. Some control signallings to inform the punctured REs for the slot-based PDSCH should be further investigated to ensure the victim PDSCH performance. In addition, puncturing the DMRS or systematic bits of slot-based PDSCH should be avoided as much as possible. 
Also,multi-users or superposition transmissions can be studied to multiplex slot and mini-slot in the spatial or power domain, as illustrated in FIG.2(d). For this option, some mechanisms to facilitate the interference suppression and cancellation at the receiver might be useful to improve the victim PDSCH performance. 
Propsoal 2: 

· Collision handling/avoidance between slot and mini-slots should be studied considering aspects such as control signaling impacts and resource mapping.
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Figure 1: Potential multiplexing schemes between slot and mini-slots

For TDD system, the latency is limited by its physical frame structure due to frame alignment and HARQ RTT time. Especially, the fixed number of UL and DL switching points within a radio frame sets the hard limit for the achievable air interface latency. To achieve a similar latency performance as FDD NR with mini-slot structures, one possible way is to allow a flexible link direction switching between DL and UL across mini-slots within a slot. 
Proposal 3: 

· Study the mini-slot operation for TDD to minimize the latency performance.

It is essential for the design of mini-slot to support a efficient mechanism to utilize the unlicensed band. As the TTI length would directly impact the system performance, we believe that 1-symbol mini-slot is essential to maximize the spectrum efficiency in unlicensed band and should be supported from the beginning of NR. 1-symbol mini-slot is also desirable to enable NR transmissions on an UL subframe with avoiding OFDM symbols carrying SRS for LTE and NR coexistence.   
Proposal 4: 
· 1-symbol mini-slot should be considered for NR at least for operation in unlicensed band.
For the DL, the performance of mini-slot is determined by several factors, such as UE geometry, the packet size, and the network load. It is therefore benefitial in allowing mini-slot length to be UE-specific configurable in order to deliver a best performance. For the UL, the different mini-slot results in different coverages, which motivates to support the mini-slots with different lengths in DL and UL for a given UE.   
To be able to exploit the potential of minislot with a reduced length, it is essential to have one DL control channel candidates in each mini-slot such that gNB can timely schedule DL and UL transmissions for a particular UE if needed. The location of DL control channel will have impact on the receiver data processing time. It is desirable to transmit the DL control channel at the beginning of a mini-slot to allow UE to decode the scheduling assignment as earler as possible. 
Proposal 5: 

· Mini-slot length can be signaled per UE and each UE-specific mini-slot on DL may contain DL control channel decoding candidates.

3. Conclusions
In this contribution, we discuss various aspects to support mini-slot operations for NR. In particular, we propose:
Proposal 1: 

Except URLLC, the support and improvement for the following use cases should be addressed for support mini-slot, including

· Low latency eMBB transmission, 

· Analog beamformed eMBB transmission for small packets, 
· Unlicensed spectrum,  

· Coexistence of LTE and NR. 
Propsoal 2: 

· Collision handling/avoidance between slot and mini-slots should be studied considering aspects such as control signaling impacts and resource mapping.

Proposal 3: 

· Study the mini-slot operation for TDD to minimize the latency performance.

Proposal 4: 

· 1-symbol mini-slot should be considered for NR at least for operation in unlicensed band.

Proposal 5: 

· Mini-slot length can be signaled per UE and each UE-specific mini-slot on DL may contain DL control channel decoding candidates.

References
[1].  RAN WG1 meeting #87 Chairman’s Notes
[2].  R1-1700380, Mini-slot length and start time for URLLC,  Intel Corporation
[3].  R1-1700391, Extended CP numerology, Intel Corporation
[4].  TR 36.881, Study on latency reduction techniques for LTE (Release 13)

PAGE  
4/4

[image: image2.png]1 slot

1 mini-slot II

(a) FDM (b) Puncturing (c) RE mapping (d)y MU



