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1. Introduction
RAN#71 in March approved a 5G SID [1] on New Radio (NR) access technology, which targets a unified framework for traffic with diverse QoS requirements e.g. enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC), ultra-reliable and low latency communications (URLLC).
During RAN1/2 meetings in SI phase, the following agreements in TR38.912 and chairman notes were achieved regarding URLLC considerations for NR
-------------------------------------------------------------------------------------------------------------------------------------------
- From RAN1:
Mini-slots having the following lengths are defined.
-	At least above 6 GHz, mini-slot with length 1 symbol supported.
-	Lengths from 2 to slot length -1
-	For URLLC, at least 2 is supported
The following should be taken into account for designing slot-level channels/signals/procedures:
-	Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs
-    At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling
-	At least one of UL control channel format/structure/configuration for slot-level UCI feedback is designed to be applicable to mini-slot-level UCI feedback
The following should be taken into account as starting point for designing mini-slot-level channels/signals/procedures:
-	Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs
-	Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot
-	Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot
The following targets/use-cases to design mini-slots should be taken into account.
-	Support of very low latency including URLLC for certain slot lengths
-	Target slot lengths are at least 1ms, 0.5ms.
-	Support of finer TDM granularity of scheduling for the same/different UEs within a slot, especially if TxRP uses beam-sweeping (e.g., above 6GHz).
-	NR-LTE co-existence
-	Note that this use case also exists for slot-based scheduling
-	Forward compatibility towards unlicensed spectrum operation
From network perspective, multiplexing of transmissions with different latency and/or reliability requirements for eMBB/URLLC in DL is supported by using the same subcarrier spacing with the same CP overhead or using different subcarrier spacing. In the specification, both approaches are to be supported. NR supports dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL. Dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic where URLLC transmission may occur in resources scheduled for ongoing eMBB traffic. DL dynamic resources sharing between eMBB and URLLC is enabled without pre-emption by scheduling the eMBB and URLLC services on non-overlapping time/frequency resources (No specific specification work is expected). 
Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding. Indication can be dynamically signaled to a UE, whose assigned downlink resources have partially been preempted by another downlink transmission, to increase the likelihood of successful demodulation and decoding of the TB(s) transmitted within the above mentioned assigned resource. The indication may be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB.
Asynchronous and adaptive DL HARQ is supported at least for eMBB and URLLC.
In URLLC, for an UL transmission scheme without grant, at least semi-static resource (re-)configuration is supported. RS is transmitted together with data.
For URLLC, time interval between SR resources configured for a UE can be smaller than a slot.
At least an UL transmission scheme without grant is supported for URLLC. Resource may or may not be shared among one or more users.

- From RAN2:
The main services and functions of the PDCP sublayer for the control plane include:
-	Ciphering, deciphering and Integrity Protection;
-	Transfer of control plane data;
-	Duplication of PDCP PDU in case of multi-connectivity and CA.
For DL and UL PDCP PDU, PDCP duplication to more than one logical channel is used for Carrier Aggregation so that the duplicated PDCP PDUs are sent over different carriers.
Agreements
1	NR supports an SPS scheme similar to LTE 
2	NR supports skipping UL grant scheme similar to LTE

-------------------------------------------------------------------------------------------------------------------------------------------

This contribution investigates general RAN2 design considerations to support URLLC in NR;
2. 	Key Features to Support URLLC
2.1 Inheritance from LTE Work Item: LATRED & Short TTI
In this subclause, we summarize previous works such as Latency Reduction (LATRED) and Short TTI (sTTI) in LTE to support low latency in user plane. 
RAN2 concluded from LATRED SI on TTI shortening and fast uplink access as below:
For TTI shortening, shorter RTT and HARQ RTT can have a positive impact on TCP performance, in TCP congestion avoidance mode and TCP slow start phase. As the initial window size for each TCP connection is very small and the increase is steeper for each size increment, the effect of latency reductions for both RTT and HARQ RTT are more considerable for the slow start phase. This impact is large for small file sizes, especially where the slow start period lasts for the entire duration of the file transfer. If delays in the core network and internet dominate over radio network delays, latency reduction techniques will be less efficient. In high loaded cells, or in low radio condition (i.e. low SINR), the performance by latency reduction is limited as the queuing delay dominates over the radio delay. A reduction of TTI length owing to shortened TTI, increases the TCP throughput. 
Observation 1: The effect of latency reduction for both RTT and HARQ RTT is large for small file sizes when radio network delays dominate over other delays in the end-to-end connection. However the performance is limited in high loaded cells or in low radio condition.
For fast uplink access, an enhancement to SPS to allow for periodic UL grants every TTI reduces the latency of the first UL transmission compared to legacy intervals, and performs equally well compared with SR every 1ms with lower control channel load. Fast UL improves User Throughput also with shorter TTI, although the relative gain is smaller compared to longer TTIs. An enhancement of UL grants allowing the UE to skip padding transmissions in grant if it has no UL data in the UE buffer is beneficial as it may decrease UL interference and improve UE battery efficiency.
Observation 2: An enhancement to SPS to allow for periodic UL grants and UL skipping for padding transmissions in grant is beneficial from the UL interference and UE power consumption.
For NR, motivation from LATRED is still valid and even more appropriate in case of URLLC, since the most of traffic chuck is small file and the major deployment scenario (e.g. factory automation) is not macro which does not incur higher core network latency and low SINR region.
From LATRED WI, RAN2 agreed on the following key features: 
· Short SPS periodicity below 10 ms to allow pre-scheduling
· UL skipping in grant for data or BSR to reduce interference and UE power consumption
· Feedback for SPS activation, reactivation and deactivation command
The short SPS periodicity below 10 ms is configured within {1, 2, 3, 4, 5} ms. For NR, the periodicity may be extended based on shorter TTI length so to support shorter SPS periodicity below 1 ms. UL skipping in grant was agreed in LTE with the constraint to transmit UCI on PUCCH to indicate to network whether there is a valid PUSCH on granted subframe. The UL skipping can be also reused in NR and may be extended for various services (i.e. eMBB/URLLC) and spectrums (e.g. unlicensed band). 
Observation 3: Some features of LTE LATRED can be inherited to NR and may be extended to support shorter SPS periodicity below 1 ms and to fulfil requirements for various services/spectrum.
For handover latency reduction, potential solutions were discussed, but not included in WI. 

2.2 NR RAN1 Status to Support URLLC
RAN1 agreed on slot and min-slot structure to provide shorter TTI and self-contained frame structure. However the whole set of supportable time durations for slot and mini-slot is not decided yet. At least 2 symbol mini-slot for URLLC and 1 symbol for above 6 GHz are agreed. The length of mini-slot is smaller than the slot length. DL/UL control channel format/structure/configuration for slot-level can be applicable to mini-slot. Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot or another scheduling/HARQ timelines which is shorter than those for a slot. NR supports dynamic resource sharing between different latency and/or reliability requirements for eMBB/URLLC in DL. It is supported by transmitting URLLC scheduled traffic where URLLC transmission may occur in resources scheduled for ongoing eMBB traffic. For an UL transmission scheme without grant, at least semi-static resource (re-)configuration is supported. Resource may or may not be shared among one or more users.
Observation 4: RAN1 will design control/data transmission procedure for scheduling/HARQ based on slot and mini-slot. In addition, semi-static resource (re-)configuration is supported for UL transmission without grant.
On the other hand, U-plane latency for DL can be achieved easily just by introducing new numerologies with wider subcarrier spacing or shorter symbol, for TDD/TDD frame structure as shown from tables in Appendix. The detailed analysis is referred to our companion contribution [ ]. For UL, RAN2 needs to study further how to achieve U-plane latency.
Observation 5: U-plane latency for DL is achievable by implementation based on control/data transmission procedure for multiple numerologies/TTIs. More study need to support U-plane latency for UL.

2.3 NR RAN2 Status to Support URLLC
RAN2 agreed on PDCP duplication to handle unreliable link quality due to beam-based transmission or URLLC. This works as a complementary with lower layer solution based on shortened TTI and enhanced SPS, since lower layer solutions show gain for small files and higher later solution will increase success rate of transmission when large file is transmitted or UE is in unreliable channel condition. Except handover latency reduction, it seems no additional features for enhancement. Regarding to PDCP duplication, use for DL is up to implementation, but use for UL may need specification support. For example, UE needs to be controlled to transmit duplicated packet to different cells to attain diversity effect. 
Regarding HO latency reduction, issues to reduce random access latency were discussed, but there is no progress so far. Other HO enhancements such as Make-before-brake (MBB), or DC-based HO are on the table for further discussion. Even though 0 ms HO latency is captured for NR requirement, RAN2 does not pursue that 0 ms latency requirement is met for all the scenarios and services. In fact, HO latency requirement is not relevant only to URLLC, thus it seems beneficial to focus U-plane latency reduction for URLLC.
Observation 6: To meet U-plane latency requirement for UL, PDCP duplication, supports of slot/mini-slot and SPS are considered for NR phase 1.
Observation 7: It seems better to have higher priority on low U-plane latency for UL to support URLLC. 
Observation 8: HO latency requirement can be discussed separately from URLLC discussion.

Proposal 1: RAN2 considers the identified observations here to design L2 functions/configurations to support URLLC for UL transmission.

3. Summary
Based on the discussion and identified observations in this contribution, we propose followings:

Observation 1: The effect of latency reduction for both RTT and HARQ RTT is large for small file sizes when radio network delays dominate over other delays in the end-to-end connection. However the performance is limited in high loaded cells or in low radio condition.
Observation 2: An enhancement to SPS to allow for periodic UL grants and UL skipping for padding transmissions in grant is beneficial from the UL interference and UE power consumption.
Observation 3: Some features of LTE LATRED can be inherited to NR and may be extended to support shorter SPS periodicity below 1 ms and to fulfil requirements for various services/spectrum.
Observation 4: RAN1 will design control/data transmission procedure for scheduling/HARQ based on slot and mini-slot. In addition, semi-static resource (re-)configuration is supported for UL transmission without grant.
Observation 5: U-plane latency for DL is achievable by implementation based on control/data transmission procedure for multiple numerologies/TTIs. More study need to support U-plane latency for UL.
Observation 6: To meet U-plane latency requirement for UL, PDCP duplication, supports of slot/mini-slot and SPS are considered for NR phase 1.
Observation 7: It seems better to have higher priority on low U-plane latency for UL to support URLLC. 
Observation 8: HO latency requirement can be discussed separately from URLLC discussion.

Proposal 1: RAN2 considers the identified observations here to design L2 functions/configurations to support URLLC for UL transmission.
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Appendix

Table 1. User plane latency w/ and w/o HARQ retransmission for FDD frame structure
	
	LTE Rel.10
	NR-FDD-1
	NR-FDD-2

	Subcarrier Spacing
	15 kHz
	15 kHz
	60 kHz

	OFDM symbols per TTI
	14
	2
	2

	(1.1) Transmitter processing delay
	1 ms
	0.143 ms
	0.0357 ms

	(1.2) Frame alignment time
	0.5 ms
	0.071 ms
	0.0179 ms

	(1.3) Transmission time (= TTI)
	1 ms
	0.143 ms
	0.0357 ms

	(1.4) Receiver processing delay
	1.5 ms
	0.214 ms
	0.0536 ms

	One way latency = (1.1) + (1.2) + (1.3) + (1.4)
	4 ms
	0.571 ms
	0.1429 ms

	HARQ RTT (round-trip time)
	8 ms
(n+4 NACK, n+4 Re-Tx)
	1.142 ms
(n+4 NACK,
n+4 Re-Tx)
	0.2143ms
(n+3 NACK,
n+3 Re-Tx)

	User plane latency with 10% HARQ BLER 10% = (one way latency) + 0.1 x (HARQ RTT)
	4.8 ms
	0.685 ms
	0.1643 ms



Table 2. User plane latency w/ and w/o HARQ retransmission for TDD frame structure
	
	LTE Rel.10
	NR-TDD-1
	NR-TDD-2

	Subcarrier Spacing
	15 kHz
	15 kHz
	60 kHz

	OFDM symbols per TTI
	14
	7
	4

	DL/UL configuration
	LTE conf. #6
	LTE conf. #6
	S-U repeated

	(1.1) Transmitter processing delay
	1 ms
	0.5 ms
	0.0714 ms

	(1.2) Frame alignment time
	1.4 ms (DL) /
1.4 ms (UL)
	1.325 ms (DL) / 1.025 ms (UL)
	0.0714 ms

	(1.3) Transmission time (= TTI)
	1 ms
	0.5 ms
	0.0714 ms

	(1.4) Receiver processing delay
	1.5 ms
	0.75 ms
	0.1071 ms

	One way latency = (1.1) + (1.2) + (1.3) + (1.4)
	4.9 ms (DL) /
4.9 ms (UL)
	3.075 ms (DL) / 2.775 ms (UL)
	0.3124 ms

	HARQ RTT (round-trip time)
	11.2 ms (DL) /
11.5 ms (UL)
	4.65 ms (DL) /
4.825 ms (UL)
	0.4286 ms

	User plane latency (HARQ BLER 10%)
	6.02 ms (DL) /
6.05 ms (UL)
	3.54 ms (DL) /
3.2575 ms (UL)
	0.355 ms





