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Introduction
In RAN1 #89, it was agreed that UE-specific RS is semi-statically configured for grant-free UL transmission in URLLC scenarios [1]. For grant-free transmission, the UE-specific RS can be used to associate UE identification and data block received. 
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 
· “semi-static resource configuration in RRC” agreed includes UE-specific semi-static configuration for RS
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.
· For DFT-s-OFDM based NR-PUSCH transmission, contiguous RB allocation with/without frequency hopping are supported
· At least intra-slot frequency hopping is supported for 14 symbol slot case
· FFS on detailed resource allocation
· FFS on detailed frequency hopping for PUSCH

In this contribution, we will discuss the considerations on RS design for URLLC grant-free transmission. Possible RS structures are analyzed and evaluated by simulations.
Background
Grant-free transmission in URLLC use cases is quite different from that in mMTC use cases, since RRC-connected is assumed to guarantee acceptable TO/FO. Furthermore, both time-frequency resource and RS can be pre-configured for each UE. To fulfill ultra-reliability requirement, coverage and traffic model assumptions in URLLC are expected to be less aggressive than those in mMTC use cases.
As mentioned, multiple UEs share the same time-frequency resource pool in a semi-persistent configuration manner for UL grant-free transmission. To guarantee performance requirements, orthogonal RS is preferred to be semi-statically assigned to each UE. As agreed in RAN1 NR Ad Hoc, legacy LTE channel structure is the starting point for NR RS design [2]. In RAN1 #88bis, it is further agreed to support ZC-sequence for UL DFT-S-OFDM DMRS [3]. Therefore, ZC-sequence used in LTE PRACH/SRS/MU-MIMO is assumed as the baseline of RS sequence for grant-free UL transmission in this contribution. 
One of the key problems in grant-free transmission is that: gNB needs to know which UE is the sender for a received data block. To solve this problem, it possible to associate UE identification and data block received with the UE-specific RS parameter and/or time-frequency resource occupied. A UE may skip its allocated time-frequency resource when it does not have any data block to be transmitted. As a result, it is necessary to evaluate the detection performance in RS design. Similar to LTE PRACH, FA (false alarm) and MD (missed detection) should be two mandatory metric to be evaluated. 
RS design in grant-free transmission for UL URLLC
To fulfill the reliability requirement, grant-free transmission with autonomous K repetitions has been agreed in RAN1 NR Ad-Hoc [2]. Furthermore, as agreed in RAN1 #89 [1], contiguous RB allocation with frequency hopping is supported at least for DFT-s-OFDM based PUSCH transmission. Repetition with frequency hopping is a promising design for further performance enhancement for UL grant-free transmission. With frequency hopping, several benefits are expected: (a) to achieve overloading capability where the resources can be shared by multiple UEs, (b) to achieve frequency domain diversity, (c) to avoid consistent time-frequency resource collision between UEs. Performance improvement by frequency hopping can be observed in our companion contribution [4].
An example of frequency hopping pattern with K=4 is shown in Figure A1 in the Appendix, supporting 8 UEs share the same 4 resource units (RU). At each repetition index, at most two UEs will collide on each RU, and each pair of UEs will only collide once during the 4 repetitions. The analysis of RS-based UE identification schemes will be performed based on the same hopping pattern for the data part.
As mentioned, legacy LTE channel structure is the starting point for NR RS design. Since the overhead of RS should be considered, 2 RS symbols out of 14 OFDM symbols are used to illustrate possible options:
1. Location of RS
Three possible locations of RS are plotted in Figure 1. The left subplot shows the legacy LTE RS location. Considering the low latency requirement of URLLC, front-loaded RS is a reasonable choice, as shown in the middle subplot. On the other hand, even distribution of RS in time domain is beneficial to achieve more accurate channel estimation on data symbols. A front-loaded RS applied in each slot (every 7 OFDM symbol) is shown in the right subplot, which can be regarded as a tradeoff between previous two options.
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Figure 1 Possible locations of RS

2. Time-frequency resource allocation for RS
The occupied bandwidth of RS and data block can be either the same or different. Two possible options are illustrated below. The subplot Figure 1(a) shows the legacy design (denoted as scheme-1), where RS and data occupies the same bandwidth. Another possible design is that RS occupies a larger bandwidth than data, as the scheme-2 shown in Figure 2(b). 
Scheme-2 enables a larger bandwidth of RS resource per UE which allows the application of a longer ZC sequence, which brings both pros and cons. The benefits of a longer ZC sequence include: (a) a larger bandwidth implies greater frequency domain diversity, (b) a longer ZC sequence have more degree of freedom (DoF) of orthogonal parameters used to distinguish different UEs, i.e. more cyclic shifts (CS) can be used for the UEs shared on the same physical resource. However, the drawback of this design is that transmitted power of RS is distributed on a larger bandwidth, which means lower SNR per RE and the channel estimation accuracy is therefore deteriorated.
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(a) Scheme – 1, fixed RS parameters with legacy resource configuration
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(b) Scheme – 2, fixed RS parameters with common resource
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(c) Scheme – 3, RS parameters hopping
[bookmark: _Ref485223441]Figure 2 Different schemes of RS configurations

3. Configuration of RS parameters
Instead of increasing the length of ZC sequence, the DoF enhancement of RS parameters can be also achieved by enabling RS hopping during the K repetitions (denoted as scheme-3), as shown in Figure 2(c). Comparing with scheme-2, better arrangement of CS interval between UEs is achieved to alleviate intra-cell interference on RS when collision of physical resource happens. Energy on RS REs is not diluted so that channel estimation accuracy can be guaranteed. Moreover, it can randomize inter-cell interferences on the RS resources.
Simulation results
In this section, the above mentioned schemes of RS design for UE identification are evaluated in terms of BLER performance, missed detection rate and decoding latency. Detailed simulation assumptions can be found in Table A1 in the Appendix. Ideal UE detection is also simulated as a reference.
The feasibility of RS-based UE identification (scheme-1) is evaluated and compared with ideal UE detection in Figure 3. It should be noted that BLER here consists of MD rate and BLER of successfully detected UEs. In 4 UE case, a clear performance degradation (~2.7dB @ 1e-4 BLER) caused by missed detection can be observed. In 8 UE case, the performance gap between ideal detection and realistic detection is not so obvious. Since collision of occupied physical resources always occurs on each RU in 8 UE case, data decoding provided a more crucial contribution in BLER than missed detection. Nevertheless, the operation point of realistic UE detection is still in a relatively low range, which means using RS to distinguish UEs in grant-free use cases is a reasonable solution. 
Observation 1: Realistic UE identification based on RS parameters has no significant performance loss for UL grant-free transmission where the resources are shared by multiple UEs.
Proposal 1: UE-specific RS parameters should be used for UE identification in UL transmission without grant.
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Figure 3 Performance comparison of UE identification between ideal RS-based detection.
In Figure 3, BLER performance between three schemes is compared. It should be noted that BLER here consists of MD rate and BLER of successfully detected UEs. It can be found that scheme-1 and scheme-3 have similar performance for the 4UE case, which is reasonable due to following reason: With current specific hopping pattern, 4 UEs’ physical resources including RS and data never collide. Without physical resource collision, different CS interval applied in scheme-1 and scheme-3 does not influence BLER performance at least for single-cell simulation. For 8UE cases with physical resource collision, scheme-3 slightly outperforms scheme-1 owing to its better CS arrangement. The performance of scheme-2 is inferior to the other two schemes, which implies that the accuracy degradation of channel estimation has more significant impact on BLER performance.
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[bookmark: _Ref485312873][bookmark: _Ref485312841]Figure 4 Performance comparison between different RS schemes
[bookmark: _GoBack]In Figure 5, detection performance of three RS schemes is compared with bar chart. The MD rate at each repetition, which means that the UE has not been correctly detected at this repetition, is plotted. Apparently, a lower MD rate at early repetitions is highly desirable for URLLC scenarios to achieve low latency and facilitate early termination of repetitions (to reduce interference on the subsequent resources/to save power). It is that scheme-3 achieves the best overall detection performance, and particularly, with the lowest MD rate at 1st repetition. For scheme-2, although the overall BLER is limited by inaccurate channel estimation, the longer RS sequence has performance improvement on the RS detection probability at least at 1st repetition. For more repetitions, the MD rate of scheme-2 does not decrease drastically mainly because the physical resources used by RS is not changed during the repetitions.
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Figure 5 Comparison of detection latency (MD rate vs. repetition index), 8 UEs, SNR=2dB

Observation 2: Increasing the RS sequences per UE can improve the detection probability, while the channel estimation accuracy is deteriorated if the RS and data are located at different frequency resources.
Figure 6 further illustrates the successful decoding probability at each repetition among 3 schemes, where ideal detection is also shown as reference. Similar to BLER calculation, the decoding probability in this figure takes MD rate into account. However, the contribution of MD rate is negligible when compared with that of unsuccessful decoding itself. To be more specific, MD rate of scheme-3 at 1st repetition is ~0.8e-3 in Figure 5, while the corresponding unsuccessful decoding probability in Figure 6 is ~0.026 (=1-0.974). Therefore, MD rate is negligible if a common SNR threshold for UE detection and data decoding is assumed. This observation further confirms the feasibility of using RS for UEs identification in URLLC UL transmission without grant.

[image: ]
Figure 6 Comparison of decoding latency (probability rate vs. repetition index), 8 UEs, 2 dB SNR
Observation 3: Enable RS hopping during the K repetition can better arrange the RS parameters between UEs and alleviate both intra-cell and inter-cell interferences on RS when the physical resources are shared by multiple UEs.
Proposal 1: UE-specific RS parameters should be used for UE identification in UL transmission without grant.
Proposal 2: Both frequency hopping and RS hopping within K repetition can be considered for UL transmission without grant.
Conclusion 
In this contribution, the RS-based UE identification for UL grant-free transmission is evaluated. Different schemes of RS design are simulated and the performance is compared with ideal UE detection. Some observations and proposals based on the analysis are made as below:
Observation 1: Realistic UE identification based on RS parameters has no significant performance loss for UL grant-free transmission where the resources are shared by multiple UEs.
Observation 2: Increasing the RS sequences per UE can improve the detection probability, while the channel estimation accuracy is deteriorated if the RS and data are located at different frequency resources.
Observation 3: Enable RS hopping during the K repetition can better arrange the RS parameters between UEs and alleviate both intra-cell and inter-cell interferences on RS when the physical resources are shared by multiple UEs.
Proposal 1: UE-specific RS parameters should be used for UE identification in UL transmission without grant.
Proposal 2: Both frequency hopping and RS hopping within K repetition can be considered for UL transmission without grant.
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Appendix 
Table A1 Simulation assumptions used in the evaluations of UE identification
	Attributes 
	Values or assumptions 

	Carrier Frequency 
	4GHz

	User bandwidth 
	1RU = 2RB, frequency hopping within 4 RU

	Waveform
	DFT-S-OFDM

	SC per RB
	12

	PHY Packet size 
	32 byte (including 24bit CRC)

	Modulation 
	QPSK

	Code rate
	256/(288*2) = 0.44

	Sub-carrier spacing 
	60kHz

	TTI length 
	0.25ms

	OFDM symbols per TTI 
	14

	OFDM symbols for data
	12

	RS symbols
	[1, 8], front-loaded per slot

	Repetition
	4

	Number of UEs
	4, 8

	Channel model 
	TDL-A, 30ns

	BS antenna configuration 
	4Rx

	UE antenna elements 
	1Tx

	Retransmission
	No 

	Channel estimation 
	Ideal/Realistic UE identification
Realistic channel estimation

	Receiver
	MMSE-IRC

	FA (false alarm)
	0.1%

	Performance metric
	BLER, missed detection rate, decoding latency
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