Page 1
3GPP TSG RAN WG1 Meeting #86bis		R1-1610366
Lisbon, Portugal, 10th - 14th October 2016

Source:	Intel Corporation
Title:	Discussion on URLLC design aspects
Agenda item:	8.1.8
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
[bookmark: _GoBack]In the previous RAN1 WG meetings, the aspects of URLLC design were briefly discussed mainly focusing on frame structure implications, channel coding, and co-existence with eMBB. In this contribution we discuss the problem of link adaptation for URLLC and reference signal design considerations. Other URLLC-related aspects are presented in our companion contributions [2]-[5].
Discussion on URLLC Link Adaptation
In current LTE systems, the basic closed loop link adaptation operation mode is based on CSI reporting which comprise CQI along with RI and PMI. These indicators are used to predict spectrum efficiency of a transmission and assign transmission parameters that suit for a given data in buffer also taking into account scheduling fairness between multiple UEs. The CQI is assumed to correspond to a SE value which is achieved at BLER of 10%. Such assumption allows to efficiently use spectrum resources because in 90% cases, the initial transmission demanding smaller amount of spectrum resources will be successfully decoded at the receiver, while only in 10% cases the HARQ retransmission will be triggered which will consume additional spectrum.
In case of URLLC, there is a strict error rate target that should be achieved within a given time budget. Currently, the general KPI for URLLC is 99.999% reliability within 1 ms latency [1]. The typical LTE operation may assume that it achieves 90% reliability within 4 ms latency and higher reliability with higher latency. Obviously, the link adaptation for New RAT (NR) URLLC should have another requirement on target BLER in order to be able to provide the required reliability within the required latency.
As it was discussed in our companion contribution [4], the HARQ may substantially relax the required BLER for the initial shared channel transmission under conditions of reliable control channels and feedbacks. However, in some cases there may be no sense to rely on HARQ due to HARQ RTT values supported by current network configuration or due to link budget limitation. Therefore, in some cases the target BLER for CSI reporting may be set to meet the target reliability from one-shot transmission, although in case the HARQ is available, the BLER target may be relaxed assuming the retransmission can recover the transport blocks within the target latency.
Based on these considerations, in order to enable spectrum efficient URLLC, the target BLER for CSI reporting should be flexibly configured contrary to the fixed BLER target in LTE. It may be argued, that BS may recalculate the CQI for a given target reliability, however such behavior may be dangerous in terms of both spectrum efficiency and reliability due to generally unknown BLER slope of the UE and deviation in prediction of CQI for the lower BLER values.
Observation 1
· Different URLLC services may require different BLER targets for channel quality reporting.
· Setting a single predefined BLER target for CSI reporting may not be desirable for URLLC operation in terms of both ability to meet the reliability target and spectrum utilization efficiency.
In order to allow spectrum efficient URLLC operation, the multi-CQI reporting for different BLER targets may be configured to a UE based on the requested service reliability and latency requirement. The first BLER target (e.g. B1) may be set for CSI1 reporting which will provide spectrum efficient initial transmission and another BLER target (B2) may be set to calculate CSI2 and corresponding SE for the target reliability. Similarly to LTE, in this case the initial transmission may success in most of the cases using less spectrum while the retransmission may be sent with SE needed to achieve the target reliability within the latency.
In order to select the target BLER value and the transmission parameters for initial transmission and retransmissions, the following inequality should be satisfied for the case when one retransmission is possible in a given latency budget (i.e. one initial transmission and one retransmission):


where M1 – the amount of spectrum resources allocated to the initial transmission, M2 – the amount of resources allocated to the retransmission. The following constraint should be additionally satisfied because of the latency requirement:


where L1 – the time allocated to the initial transmission, L2 – the time allocated to the retransmission, LF – the latency needed to deliver HARQ feedback and schedule the retransmission, L – the available latency budget, which is dynamically determined based on the requested service latency and the queuing/scheduling, TX processing, RX processing delays. The W1, W2 and W are the corresponding allocated bandwidth for each transmission component.
As it may be seen, the B1 may be selected to extract spectrum efficiency gains for a given latency budget and available bandwidth. Moreover, the selection of B1 may depend on control channel reliability and feedback channel reliability as discussed in [4]. Therefore, both B1 and B2 may need to be configurable for a UE based on long term channel conditions and the requested service quality.
Proposal 1
· Further study configurable link adaptation BLER targets for URLLC operation.
· Further study multiple channel quality reporting for multiple BLER targets for URLLC operation.
Discussion on URLLC Reference Signals
Another aspect of NR development which may be impacted by URLLC considerations is the reference signal design. Currently, the following relevant agreements were reached regarding the reference signals:
Agreements:
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded
· In addition to the front-loaded RS agreed to study in RAN1#85, same or extended/additional RS is studied in NR of at least the following:
· Estimate/compensate Doppler parameters
· Compensate phase rotation and frequency offset
· Note that RS may or may not be UE-specific
· NR support NR RS configured on a per UE basis
· FFS whether or not to support always-on non-UE-specific RS in NR
· Including the details of always-on and non-UE-specific, if supported
For URLLC, the aspects of low latency and in the same time highly reliable channel estimation need to be considered simultaneously. Moreover, the spectrum efficiency of URLLC transmissions also needs to be taken into account in order to optimize URLLC service capacity which affects both URLLC KPIs and the performance of other verticals such as eMBB if the spectrum is shared between these services.
URLLC RS Design Requirements
The following requirements to URLLC reference signals should be considered:
1) Applicability to a wide range of channel conditions:
· Low to high SINR regimes. The URLLC should work in all noise and interference conditions to provide the high service availability as well as flexibly to use allocated spectrum resources in order to maximize the system capacity. The achievement of ultra-reliable communication should not be limited by low code rate and low SE transmissions, i.e. the channel estimation should provide the target BLER for different transport block sizes, coding rates and for both low and higher order modulations.
· Low to high mobility. The URLLC services are not limited to stationary usage. There are many use cases, such as vehicle or industrial communication which require support of high relative speeds of TX and RX, e.g. up to 500 km/h. The RS design should be able to provide high channel estimation accuracy for the mentioned high Doppler environments.
2) Variable BLER requirements:
· Although the general KPIs are defined as an achievement of 1-10-5 reliability, the URLLC services assume a variety of error rate targets from 10-3 to 10-9 due to a wide range of use cases. The reference signals should be able to provide the channel estimation performance to achieve these targets.
3) Variable latency requirements:
· Similar to the error targets, the latency of URLLC services may significantly vary as it is discussed in [6]. Therefore, the early decoding property may or may not be crucial in some cases.
4) Variable transmission durations:
· The RS design should flexibly support different transmission durations. In our companion contribution [5], we conclude that flexible transmission durations with fine resource access granularity are desirable for URLLC especially in UL direction where the required link budget may not be achieved by very short transmissions due to limited transmission power. Such scheduling granularity could introduce high dynamics of interference with up to symbol level interference change.
Moreover, all the above requirement should be met considering compatibility with other NR services such as eMBB and mMTC in all transmission directions (DL, UL, SL etc.).
Observation 2
· Reference signal design for URLLC should be applicable to a wide range of channel propagation conditions, BLER targets and latency requirements.
Comparison of Basic RS Structures
In this sub-section, we discuss the basic candidate RS structures for URLLC and provide initial evaluation results to draw observations.
Structure 1. “Front-loaded” RS. Following the agreements already made in RAN1, one of potential candidates for RS structure is the so called “front-loaded” RS which assumes the position of reference signals in data/control transmissions is shifted close to the starting symbols in order to provide the channel estimation as early as possible (see Figure 1).

Structure 2. “Each-symbol” RS. The second considered structure is a time-frequency distributed pattern. This a more classical approach for OFDM systems since it provides ability to estimate the frequency and time selective channel and extract channel estimation gains across the whole allocated spectrum resource at expense of processing latency. In the same time, placement of RS in each symbol provides the ability to estimate the channel once the symbol arrives in order to achieve the low latency processing.


[bookmark: _Ref463028978]Figure 1. Basic RS structures.
The described basic RS structures may have different advantages for meeting the different URLLC design requirements discussed in the previous sub-section. In order to get insights to the potential performance of these RS structures for URLLC, we conducted initial link level analysis considering the target BLER of 10-4-10-5.
The following resource allocation options and RS patterns are evaluated:
“Front-loaded” RS.
Option 1-1, “Front-Full”. Full first symbol is allocated to DM-RS transmission.
Option 1-2, “Front-FDM 4”. 3 RE per RB of the first symbol is allocated to DM-RS. Note, that the remaining REs in the first symbol are used for the shared channel in this case.
“Each-symbol” RS.
Option 2-1, “ES-FDM 6”. 2 RE per RB in each symbols is allocated to DM-RS without frequency shift between symbols.
Option 2-2, “ES-FDM 4”. 3 RE per RB in each symbol is allocated to DM-RS without frequency shift between symbols.
As it may be easily shown, the RS overhead is different for different patterns that leads to different coding rates selected for each scheme. The low order QPSK modulation is used. The transport block size of 50 bytes (400 bits) is modeled as agreed in URLLC evaluation methodology [1].
First, the performance is checked for 15 kHz subcarrier spacing for two different TTI lengths (i.e. mini-slot durations) and corresponding frequency allocations: 2 symbols with 40 RB, and 4 symbols with 20 RB. Both low (5 Hz) and high (555 kHz) Doppler channel conditions are evaluated (see Figure 2).
	TTI = 2 symbols, low Doppler
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	TTI = 2 symbols, high Doppler
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	TTI = 4 symbols, low Doppler
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	TTI = 4 symbols, high Doppler
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	[bookmark: _Ref463024144]Figure 2. BLER vs SNR, 15 kHz SCS.


Observation 3
· With ideal CE, the performance difference of the considered schemes corresponds to the difference in RS overhead and coding rate.
· For the practical CE in very short TTI duration of 2 symbols
· The overhead from full “front-loaded” RS dominates the degradation relative to “each-symbol” RS.
· FDM-4 “front-loaded” performs slightly better because of the lowest RS overhead.
· The CE performance does not degrade in high Doppler environment due to very short transmission duration and therefore small channel time variation.
· For the practical CE in longer TTI duration of 4 symbols
· In low Doppler, full “front-loaded” RS perform close to “each-symbol” RS due to similar overhead.
· In high Doppler, “front-loaded” RS cannot achieve the very low BLER due to channel estimation errors because of high channel time variation between the first and the last symbols for the considered QPSK modulation.
Additionally, the performance of these schemes is checked for the short TTI duration achieved by 8 symbols of 60 kHz subcarrier spacing (see Figure 3). The total allocated time-frequency resource remained the same as for 2 symbols of 15 kHz, i.e. four times less resource elements in frequency and four times more symbols in time.

	TTI = 8 symbols, low Doppler
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	TTI = 8 symbols, high Doppler
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	[bookmark: _Ref463024129]Figure 3. BLER vs SNR, 60 kHz SCS.


Observation 4
· In the larger subcarrier spacing, the full “front-loaded” RS configuration provides the best performance in both low and high Doppler conditions due to combination of low overhead and good channel estimation.
· Channel estimation in high Doppler conditions does not degrade much due to short transmission duration and therefore slow channel time variation.
Based on the evaluation, it may be concluded that different basic RS structures may be beneficial in different channel conditions, subcarrier spacing and transmission durations. Therefore, unified RS structures may be further studied to fulfil the diverse URLLC requirements.
Proposal 2
· Further study reference signal structures considering the URLLC specific design implications.
· Consider a wide range of channel conditions and different SINR regimes for evaluation of URLLC reference signals to achieve the very low target BLER requirements.
Conclusions
In this contribution we discussed aspects of link adaptation and reference signal design implications for URLLC. Based on the discussion and initial evaluations, we have the following proposals:
Proposal 1
· Further study configurable link adaptation BLER targets for URLLC operation.
· Further study multiple channel quality reporting for multiple BLER targets for URLLC operation.
Proposal 2
· Further study reference signal structures considering the URLLC specific design implications.
· Consider a wide range of channel conditions and different SINR regimes for evaluation of URLLC reference signals to achieve the very low target BLER requirements.
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Appendix A – Evaluation Assumptions
The table below provides detailed evaluation assumptions for the results provided in this document.
Table 1. Link level evaluation assumptions.
	Attributes
	Values or assumptions

	Modulation
	QPSK

	Channel coding
	LTE CTC

	TBS
	50 byte (400 bit)

	Sub-carrier spacing
	15 kHz, 60 kHz

	PRB assumption
	12 subcarriers in one PRB

	OFDM symbols per TTI
	15 kHz: 2, 4
60 kHz: 8

	Channel model
	CDL-A in TR 38.900;
Low Doppler: 5 Hz
High Doppler: 555 Hz

	BS antenna
	1 Tx

	UE antenna
	2 Rx

	Channel estimation
	Practical: per symbol with 3 PRB smoothing
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