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Introduction

As a newly introduced feature, URLLC plays a unique role in the system design for the first release NR. 
This contribution provides some analysis and shows our views on general design principles of how to keep short latency for UL URLLC. 
As background, the agreements achieved in the previous NR Ad hoc meeting are listed below [1]:
Agreements:
· For DL, support indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s)
· FFS: Details of  the granularity for impacted region used in the indication 
· e.g., PRB (group)/symbol (group)/mini-slot (group)/CB (group)/TB/Slot
· The indication is transmitted at one of the following (will be down selected later)
· during current eMBB TTI
· after current eMBB TTI
· during  and after current eMBB TTI
· The indication is one of the following (will be down selected later)
· explicit
· implicit
· explicit and implicit
Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point
Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions
Agreements:
· Blocking probability of DL control channel should be taken into account in NR-PDCCH design

Agreements:
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements 
Agreements:
· Time interval between SR resources configured for a UE can be smaller than a slot

Discussion

On URLLC latency and reliability requirements and design considerations

As a reference, the technical report [2] gives a preliminary performance requirement in terms of the user plane latency and reliability. The descriptions of the two are quoted in below.
User Plane Latency
	For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.
NOTE1:	The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.


 
Reliability
	Reliability can be evaluated by the success probability of transmitting X bytes NOTE1 within 1 ms, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality (e.g., coverage-edge).
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The target for reliability should be 1-10-5 within 1ms.
A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for X bytes (e.g., 20 bytes) with a user plane latency of 1ms.
NOTE1: Specific value for X is FFS




On UL URLLC design considerations for latency reduction

To analyze how to achieve the highly demanding URLLC requirement (1-10-5 reliability and 1 ms user plane latency), Table.1 briefly summarizes the interaction procedures between gNB and UE and also the corresponding latency and reliability components for UL case.

Table.1 Latency and reliability analysis on grant-based UL transmission
	Steps
	Latency
	Reliability
	Comments

	(1) UE processing and generating SR
	T_1
	
	

	(2) Frame alignment
	0.5*TTI
	
	Frame alignment depends on the available SR resource density in time domain

	(3) SR transmission
	T_3
	
	The minimum value of T_3 is one OFDM symbol.

	(4) gNB processing incl. SR decoding, scheduling and UL grant preparation
	T_4
	(1- R_SR)
	R_SR stands for the average error rate of SR

	(5) Frame alignment
	T_5
	
	Frame alignment depends on the TTI value and the DL control channel density in time domain

	(6) UL grant transmission
	T_6
	
	The minimum value of T_6 is one OFDM symbol

	(7) UE receiver processing incl. decoding UL grant, UL data preparation, encoding, resource mapping and modulation
	T_7
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16](1 - R_DL_ctrl)
	In LTE FDD, T_7 = 3 TTIs
R_DL_ctrl stands for the average error rate of the DL control channel

	(8) UL Data and BSR transmission
	T_8
	
	The minimum value of T_8 is one OFDM symbol

	(9) gNB processing incl. decoding data and preparing next UL grant based on BSR
	T_9
	(1 - R_UL_data)
	R_UL_data stands for the average error rate of UL data channel

	(10) Frame alignment
	T_10
	
	

	(11) UL grant transmission
	T_11
	
	

	(12) UE receiver processing incl. decoding UL grant, UL data preparation, encoding, resource mapping and modulation
	T_12
	(1 – R_DL_ctrl)
	In LTE FDD, T_12 = 3 TTIs

	(13) UL data transmission
	T_13
	
	

	(14) gNB processing incl. decoding data and preparing HARQ Ack/Nack
	T_14
	(1 - R_UL_data)
	

	(15) Frame alignment
	T_15
	
	In LTE FDD, T_13 + T_14 = 3 TTIs

	(16) DL HARQ Ack/Nack transmission
	T_16
	
	

	(17) UE processing incl. decoding Ack in DL control channel and deliver Ack to L2/3 protocol layer
	T_17
	(1 – R_DL_ctrl)
	

	Overall latency and reliability for NR URLLC requirement
	Sum{T_i, i = 1,2,…,17} with the optimization target of l ms
	(1- R_SR) (1 - R_DL_ctrl)3( 1 - R_UL_data)2
	



As can be seen in Table.1, UL URLLC is facing challenges from requirements of both latency and reliability, since the legacy procedure has too many steps. 
It is noted that following analysis will mainly focus on the discussion on latency reduction due to the scope of this agenda item.
Latency components for UL case
· gNB and UE processing delay: 
· The processing delays from both transmitter and receiver sides are subjected to the hardware capability and also the data amount that needs to handle. To reduce the hardware processing, it is meaningful to simplify the gNB and UE processing complexity in terms of, e.g. resource allocation, channel estimation, link adaptation, and etc. To reduce the latency, it is better not to reuse all the supported resource allocation type and AMC mechanisms from LTE/LTE-A. A more limited set of resource allocation granularities, transport block size and transmission modes can be considered for URLLC. By this mean, the base band processing pressure at gNB and UE can be relieved to some extent.
Proposal 1: Simplified resource allocation and transmission modes design should be considered to reduce the gNB and UE processing complexity and the processing latency.
· Frame alignment
· This component depends on the detailed frame structure design. Also, the value may be different between FDD and TDD case. Initially we can try to quantify with the 0.5*TTI. Hence if we assume the minimum TTI supported for NR is one OFDM symbol, then this value depends on the numerology that is employed by URLLC service.
· DL and UL transmission opportunity duration and density
· This component also depends on the frame structure and FDD may face less challenge than TDD case. The channel format of DL control channel, UL data channel and UL control channel can also impact the overall latency. This also has relevance with the resource allocation time domain granularity design.
Observation 1: Employing shorter format for control and data channels is a general way to achieve low latency, but the reliability and coverage should also be considered in the tradeoff. The choice depends on the scenarios and also the frequency band.
Besides the components that have already been discussed, the essential way to pursue low latency for UL URLLC is to simplify the legacy procedures. As shown in Table.2, a complete UL data transmission for an RRC_Connected UE needs three rounds of interaction with gNB. Generally, the optimization can be considered from two aspects:
· UL Grant-based transmission
In some cases, NR may use large SCS in high frequency band and employ simplified grant-based UL transmission, which can be a tradeoff between latency and reliability. If the gNB can become aware of the UL URLLC traffic as early as possible, it can start the real data scheduling fast. An enhanced SR was proposed in the previous meeting [3], where the SR can carry more information than the legacy SR to help gNB speed up the URLLC data handling. In our view, such optimization is justified and meaningful in general. If the gNB can obtain the request with specific URLLC traffic features (e.g. simplified SR, traffic features, QoS, and etc) at the very beginning, the legacy interaction procedures can be largely simplified.
· UL Grant-free transmission
Moreover, using grant-free transmission in low load case is also attractive to achieve low latency, especially with the aid of advanced receiver. The new SR design can also be employed in the grant-free case. The new indication carried by SR can help gNB with judgment on resource allocation adjustment to avoid collision, triggering of switching to grant-based transmission and so on.
Therefore, from the analysis above, we have
Proposal 2: Grant-based transmission should be supported for UL URLLC in general.
Proposal 3: A new fast and enhanced SR should be considered to reduce latency for URLLC in general.
Observation 2: The new SR can benefit both grant-based and grant-free solutions of URLLC for UL.

Conclusions
In this contribution, we provide a step-by-step procedure analysis on the potentials to support URLLC with the highly challenging requirements. By discussing all the possibly limiting factors of latency for UL case as listed in Section 2, we can have a clearer design and optimization direction. In summary, we have the following conclusions:
Proposal 1: Simplified resource allocation and transmission modes design should be considered to reduce the gNB and UE processing complexity and the processing latency.
Observation 1: Employing shorter format for control and data channels is a general way to achieve low latency, but the reliability and coverage should also be considered in the tradeoff. The choice depends on the scenarios and also the frequency band.
Proposal 2: Grant-based transmission should be supported for UL URLLC in general.
Proposal 3: A new fast and enhanced SR should be considered to reduce latency for URLLC in general.
Observation 2: The new SR can benefit both grant-based and grant-free solutions of URLLC for UL.
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