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1 Introduction

At RAN1#85, it was agreed to evaluate URLLC capacity C(L, R) in order to compare different URLLC features for NR study. In this contribution we provide initial system level results of URLLC capacity and observed URLLC service outage which is introduced in our companion contribution [1]. The results are provided for different URLLC bandwidth, TTI length and for both interference-free and interference limited operation scenarios. The other aspects of NR URLLC design are provided in our companion contributions [3]-[4].
2 Evaluation Assumptions
For URLLC capacity analysis we use system-level evaluation approach. As discussed in [1], we use the agreed eMBB Urban Macro scenario with inter-site distance of 500 meters and Macro-only @ 4 GHz homogeneous network layout for both interference-free and interference limited evaluations. This scenario is selected since it is expected to cover noise limited conditions of cell-edge users and inter-cell interference limited conditions which are important for URLLC studies.
The strict 0.5 ms latency target was used which includes frame alignment, queueing latency and TTI length. TX and RX processing latencies are not included in order to analyze the system design aspects independently of UE complexity and implementation. The following numerology options were analyzed:

1) 60 kHz SCS, 14 symbols per TTI with normal CP (0.25 ms TTI),
2) 60 kHz SCS, 7 symbols per TTI with normal CP (0.125 ms TTI),
3) 60 kHz SCS, 4 symbols per TTI with normal CP (0.0714 ms TTI).
Note, that 60 kHz subcarrier spacing can exploit the same relative CP overhead as the 15 kHz since the cell radius in the evaluated scenario is 250 meters which is covered by the four times shorter CP duration because of numerology change.

For initial analysis, it is assumed that URLLC is served in standalone spectrum (or semi-statically FDMed with other services). The following URLLC system bandwidth values are analyzed:

1) 20 MHz, 512 FFT size, 25 resource blocks,
2) 40 MHz, 1024 FFT size, 50 resource blocks.
3) 80 MHz, 2048 FFT size, 100 resource blocks.
In order to compare system performance under different conditions we considered the following scenarios:

1) Interference-free scenario. In this scenario, UEs are associated to BS using the same procedure as in multi-cell environment, however the interference from other cells in not taken into account, thus operation of each single cell is independent and isolated from others. This scenario was used to check achievable upper-bound of the URLLC capacity assuming associated UEs have realistic channel propagation conditions / geometry distribution.

2) Interference scenario. In this scenario, the URLLC operation is deployed in a network of 57 Macro-cell sectors according to the eMBB Urban Macro evaluation methodology [1]-[2]. This scenario provides additional insights on impact of interference on URLLC capacity.
Other detailed parameters are listed in Appendix.
3 System Level Analysis

3.1 Interference-free Scenario

First, we analyze the URLLC capacity (i.e. the observed URLLC outage) in the interference-free scenario which does not account for inter-cell interference. It may be used for understanding the tradeoffs between achieved capacity and selected numerology, TTI lengths, and URLLC bandwidth.
The following different configurations are evaluated for different URLLC bandwidth values 20, 40, and 80 MHz:

1) 60 kHz SCS, 14 symbols per TTI with normal CP (0.25 ms TTI),

2) 60 kHz SCS, 7 symbols per TTI with normal CP (0.125 ms TTI),

3) 60 kHz SCS, 4 symbols per TTI with normal CP (0.0714 ms TTI).

In Figure 1, the observed outage of URLLC services given the target reliability 1-10-4 and target latency 0.5 ms is plotted versus offered URLLC service load.
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	Figure 1. Observed URLLC outage given the target latency 0.5 ms and reliability 1-10-4 for different cell loadings.


Observation 1

· In case of small DL system bandwidth, the link budget issue becomes a dominant factor that impacts URLLC performance (some TTIs and bandwidth allocations cannot support URLLC service at any loading for a given deployment scenario due to cell-edge effects).
· Finer time granularity (shorter TTIs) are more beneficial for URLLC capacity when large BW is allocated to URLLC.
3.2 Interference Limited Scenario

In this scenario, the interference from other cells is taken into account. For analysis, the resource configuration options which can satisfy the URLLC requirements from the previous section are selected. The results are presented in Figure 2
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	Figure 2. Observed URLLC outage given the target latency 0.5 ms and reliability 1-10-4 for different cell loadings in interference-limited scenario.


Observation 2

· Inter-cell interference has significant impact on URLLC performance.

· The studied Urban Macro scenario is interference limited for considered URLLC resource configurations (that satisfy target URLLC reliability and latency under noise limited assumptions).
4 Discussion on NR Design Implications
Analyzing the presented URLLC capacity results, it could be concluded, that URLLC should be able to use as much bandwidth as possible in order to achieve reasonable service capacity for the targeted latency and reliability values. The shorter TTIs provide better URLLC capacity for the sporadic traffic when large bandwidth is allocated. Therefore, the NR should be able to adjust TTI length depending on available transmission bandwidth and UE channel propagation conditions in order to maximize the URLLC service capacity. On the other hand, techniques to maximize link budget within a given bandwidth and TTI duration may relax the bandwidth demands.

Another potential consequence from these observations is that when URLLC service needs to co-exist with eMBB it would be very inefficient to reserve the required wide bandwidth in FDM manner like for NB-IoT and other mMTC services. Therefore, the TDM mechanisms with potentially dynamic resource reservation and release are desirable.
It also should be noted, that inter-cell interference handling and channel quality estimation are of high importance to achieve high URLLC capacity.

Observation 3

· NR should be able to adapt TTI length for URLLC transmissions depending on available bandwidth and UE channel conditions.

· Dynamic URLLC resource reservation and release is desirable to maximize multiplexing capacity with eMBB.

5 Conclusions
In this contribution, we provided initial URLLC evaluation results for standalone URLLC deployment scenario. Based on the presented results we have following observations.
Observation 1

· In case of small DL system bandwidth, the link budget issue becomes a dominant factor that impacts URLLC performance (some TTIs and bandwidth allocations cannot support URLLC service at any loading for a given deployment scenario due to cell-edge effects).

· Finer time granularity (shorter TTIs) are more beneficial for URLLC capacity when large BW is allocated to URLLC.
Observation 2

· Inter-cell interference has significant impact on URLLC performance.

· The studied Urban Macro scenario is interference limited for considered URLLC resource configurations (that satisfy target URLLC reliability and latency under noise limited assumptions).
Observation 3

· NR should be able to adapt TTI length for URLLC transmissions depending on available bandwidth and UE channel conditions.

· Dynamic URLLC resource reservation and release is desirable to maximize multiplexing capacity with eMBB.
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Appendix: System Level Evaluation Assumptions
In this section we provide the detailed evaluation assumptions for URLLC capacity analysis.
Table 1. Detailed evaluation assumptions.
	Target reliability
	99.99%

	Target latency
	0.5 ms

	Evaluated latency components
	TTI boundary alignment + scheduling/queueing latency + TTI length

	Transmission direction
	DL only

	Deployment scenario
	eMBB Urban Macro [2] with 500 m ISD, 57 cell sectors, 80% UEs indoor and 20% UEs in cars.
4 GHz carrier frequency with [20, 40, 80] MHz simulated bandwidth

	BS maximum TX power
	46 dBm per 20 MHz (i.e. 46 dBm for 20 MHz, 49 dBm for 40 MHz, and 53 dBm for 8 MHz)

	Waveform
	OFDM

	Shared channel
	60 kHz subcarrier spacing, normal CP and different TTI length:
1) 14  symbols (0.25 ms TTI),
2) 7 symbols (0.125 ms TTI),
3) 4 symbols (0.0714 ms TTI).
12 subcarriers per resource block.

	TX mode
	SFBC to extract TX MIMO diversity

	Reference signals
	The reference signals are assumed to have similar structure as CRS which introduce ~10% overhead.
Ideal channel estimation.

	Control channel
	No control channel overhead modeled

	Channel coding scheme
	Convolutional turbo coding.
MMIB-based link-to-system mapping down to 10-5 BLER with extrapolation

	Modulations
	QPSK, QAM16, QAM64

	Packet scheduling
	First-in-first-out scheduling

	Link adaptation and channel quality estimation
	Transmission parameters are selected to satisfy target BLER at the level of the configured target service reliability (10-4 in current analysis) at the reported effective SINR

	Traffic model
	3GPP FTP Model 1 with fixed packet size of 32 bytes and different arrival rates
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