Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _GoBack]3GPP TSG RAN WG1 AH_NR Meeting                 			        R1-1700853
Spokane, USA 16th – 20th January 2017

Agenda Item:	5.1.4
Source:	InterDigital Communications
Title:	Design considerations for mini-slots
Document for:	Discussion and Decision
Introduction
In RAN1#87 we have reached agreement on a number of design aspects for mini-slots including the mini-slot lengths and NR-PDCCH monitoring for single-stage DCI design [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 
Agreements:
· 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
The email discussion [87-30] was kicked off following RAN1#87 to make further progress on the subject. In this contribution, we try to discuss our views on various design aspects of mini-slot. In a companion contribution, we have provided further details regarding two-stage DCI monitoring and the HARQ operation related to DL scheduling of data transmissions with different latency and/or reliability requirements [2].
Discussion 
· Use cases
Regarding the use-cases targeting for mini-slot designs, majority of companies have highlighted support of low latency for URLLC applications, operation in mmW as well as unlicensed band. From our persective, for Phase 1, mini-slots are essential in order to enable both low latency and mmWave applications. Nevertheless, we envision that for future applications, mini-slots with one OFDM symbol duration will be the minimum scheduling unit in time domain and potentially bring great flexibility to the scheduler. Mini-slot with length 1 symbol has already been agreed for above 6 GHz but this agreement should not be restricted to certain bands to ensure a homogeneous design across various applications operating in different bands. 
Proposal 1: Mini-slot with length 1 symbol supported regardless of frequency band and usecase
· Co-existence between slot and mini-slot
From a broader perspective, mini-slot can be viewed as a variable length slot with lengths from 1 to slot length -1. Therefore, the co-existence of mini-slot and slot in NR is inevitable. We believe the NR design should strive for commonality and efficiency when it comes to co-existence of slots with various lengths. For instance, assuming eMBB/URLLC multiplexing over 1msec with 15kHz SCS, from an eMBB UE perspective, the minimum scheduling unit could be a normal slot with 14 OFDM symbols (similar to LTE) while from an URLLC UE perspective the normal slot can be viewed as the aggregation of 7 virtual mini-slots each with a length of 2 OFDM symbols. They are called virtual mini-slots, in the sense that from the UE perspective, these mini-slots do not exist unless they are activated/configured by the network. Assuming the mini-slot to be the minimum scheduling unit, the scheduler has the full flexibility to enable or disable any of these virtual mini-slots and configure distinct behaviors for eMBB and URLLC UEs as shown in Figure 1.


[bookmark: _Ref471630301]Figure 1: Virtual mini-slots and normal slots
Given that NR in higher bands may need to rely on TDD mode of operation for large antenna arrays, we believe design considerations for mini-slot should be inclusive of TDD. The concept of virtual mini slot can be easily extended to the TDD mode of operation. In other words, any virtual mini-slot can be configured to be DL or UL as shown in Figure 2. In this example, a normal slot of length 7 OFDM and virtual mini-slots with length 1 symbol are shown. From the eMBB UE perspective, the normal slot is dominatently DL or UL; however, from the URLLC UE perspective, the mini-slot could switch from UL to DL in the presence of dominatently UL normal slot [3]. This functionality enables the high priority, low latency packets to be transmitted to the URLLC UE even if the current normal slot is configured as UL. 


[bookmark: _Ref471632385]Figure 2: Virtual mini-slots for TDD
Proposal 2: Mini-slot as the minimum scheduling unit in time-domain should be considered for both FDD and TDD 

· Numerology/position/alignment
If one views mini-slot as a flexible length slot, then the numerology will be the same across all slot lengths. More specifically, both subcarrier spacing and CP length should be the same as for slots. However, the numerology used in various slot lengths could be independently configured. In this case, the NR design should strive for alignment on longer symbol’s boundaries. An example of mini-slot and normal slot alignment is shown in Figure 1 where the highest length slot (i.e, 14-OS) is aligned with the aggregated mini-slots of shorter length (e.g., 7 mini-slots of 2-OS).
Proposal 3: The 14-symbol slot is aligned with the aggregated mini-slots of shorter length
As for the starting position of mini-slot, if we visualize a normal slot as the aggregation of multiple virtual mini-slots, then the starting position of any active mini-slot would depend on the granularity (length) of mini-slot. In other words, assuming mini-slots with length 1 symbol, any OFDM symbol can be the starting position of the mini-slot as shown in Figure 2. 
Proposal 4: Mini-slot can start at any OFDM symbol 

· DMRS designs
DMRS design should be flexible enough to cover variable mini-slot lengths. Even though front-loaded DMRS within a mini-slot (i.e., TDM-based) can be seen as the natural choice for mini-slots with at least length 2, this pattern is not applicable to mini-slots with one OFDM symbol duration. For the later case, DMRS patterns based on FDM should be considered.
Proposal 5: DMRS patterns based on FDM should be considered for mini-slots with length 1 symbol 
 
· Control Channel
Capitalizing on the virtual mini-slot concept explained above, virtual mini-slots could be configurable to carry data only, control only or both data and control. Accordingly, control channels are transmitted on control only and data+control (self-contained) mini-slots. The only restriction on the short mini-slots would be its direction (i.e., UL or DL). In other words, mini-slots with 1-symbol or 2-symbol would not contain both DL and UL. An example of control mini-slot, is a mini-slot which exclusively carries DL PDCCH or UL PUCCH. An example of data+control mini-slot, is a mini-slot which carries both DL PDCCH and DL PDSCH. The scheduler has the full flexibility to configure each mini-slot according to one of the three modes. This functionality could greatly reduce the DCI monitoring occasions for a given UE. For example, the UE by default will not monitor data-only mini-slots for control signaling. 


Figure 3: Mini-slot configuration for control channel
Particular attention should be given to mini-slots with one OFDM symbol duration. For this configuration, control and data channels may need to be multiplexed on the same OFDM symbol in the FDM manner or in case of small packet lengths such as URLLC applications, both control signaling and data packet can be jointly encoded and transmitted on a single OFDM symbol. A similar concept was adopted in LTE where A/N and CSI information are jointly encoded and transmitted on a single physical channel in TDD even though each one of them is separately encoded and transmitted on a different physical channel in FDD.
Proposal 6: Mini-slots are configurable to carry data only, control only or both data and control

Conclusion
In this contribution, we discussed various design aspects of mini-slots. In summary, we propose:
Proposal 1: Mini-slot with length 1 symbol supported regardless of frequency band and usecase
Proposal 2: Mini-slot as the minimum scheduling unit in time-domain should be considered for both FDD and TDD 
Proposal 3: The 14-symbol slot is aligned with the aggregated mini-slots of shorter length
Proposal 4: Mini-slot can start at any OFDM symbol 
Proposal 5: DMRS patterns based on FDM should be considered for mini-slots with length 1 symbol 
Proposal 6: Mini-slots are configurable to carry data only, control only or both data and control

References
1. Chairman’s Notes RAN1#87
1. R1-1700858 “Downlink scheduling using slots and mini-slots,” InterDigital, RAN1 AH_NR, Spokane, USA 16th – 20th January 2017 
1. R1-1700721 “Preemption/superposition-based multiplexing of eMBB and URLLC,” InterDigital, RAN1 AH_NR, Spokane, USA 16th – 20th January 2017 
	4/4	
image1.emf
Normal Slot

Virtual Mini-Slot

eMBB UE

URLLC UE

OFDM Symbol

Activated Mini-Slot

Inactive Mini-Slot


Microsoft_Visio_Drawing.vsdx




Normal Slot
Virtual Mini-Slot





eMBB UE
URLLC UE

OFDM Symbol


Activated Mini-Slot
Inactive Mini-Slot



image2.emf
UL UL DL UL UL UL UL

Normal Slot

Virtual Mini-Slot

UL DL

Normal Slot

DL DL UL DL DL UL DL

eMBB UE

URLLC UE


Microsoft_Visio_Drawing1.vsdx
UL
UL
DL
UL
UL
UL
UL
Normal Slot
Virtual Mini-Slot
UL
DL
Normal Slot
DL
DL
UL
DL
DL
UL
DL
eMBB UE
URLLC UE



image3.emf
Control Data Data Data

Data+

Control

Data Data

Virtual Mini-Slot


Microsoft_Visio_Drawing2.vsdx
Control
Data
Data
Data
Data+
Control
Data
Data
Virtual Mini-Slot



