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1
Introduction
For URLLC grant-free, RAN1#NR Adhoc agreed on the following: 
· 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
In RAN1 #88, it was agreed that,

· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met

· If an UL grant is successfully received for a slot/mini-slot for the same TB

· FFS: How to determine the grant is for the same TB

· FFS: An acknowledgement/indication of successful receiving of that TB from gNB

· The number of repetitions for that TB reaches K

· FFS: Whether it is possible to determine if the grant is for the same TB

· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)

· Note that other termination condition of repetition may apply

Based on these agreements, we discuss the UE identification and related preamble design for URLLC UL grant-free transmission.
2

Discussion

As was agreed, for UL grant-free transmission, a UE could be configured with K times repetitions (K>=1) for one TB transmission. UE will continue the repetitions at least until UE receives an UL grant for the same TB. The gNB should be able to identify which UE is transmitting even though it fails to decode the transport block, such that gNB could apply soft combining when receiving the repetitions, and/or to switch the transmission to be grant based. In this sense, it is critical to have very reliable UE identification detection performance, and the reliability of UE identification shall be at the same level or be better than the data detection reliability in URLLC (for example as low as 10-5). The gNB will always carry out UE identification before doing the data detection. 
Observation 1: UE identification in URLLC UL grant-free shall be more reliable than the data detection performance.

2.1

UE identification using preamble
To fulfill the UE identification for URLLC UL grant-free operation, there should be dedicated signals transmitted from UE to gNB. We propose that a preamble sequence is used to identify the UE, and it is transmitted together with the PUSCH data. The preamble shall be designed to be reliable enough and meet the detection requirement in URLLC. 

Therefore, the basic procedure of UL grant-free transmission is that when there is a packet in the UE buffer, UE starts the grant-free transmission in the configured resources [1], as shown in Figure 1. UE will transmit a preamble together with the data block in the first step, and will receive a response in the second step [2]. The data signal could be repeated K times depending on gNB configuration, but the preamble does not have to be repeated as long as it is reliable enough. The response could be either a UL grant, or a dedicated ACK/NACK transmitted in the DCI.  
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Figure 1: Basic grant-free transmission procedure

For UEs configured with shared resources, a preamble sequence could be uniquely allocated to each UE assuming the number of UEs sharing the same grant-free resources is smaller than the number of available preamble sequences. This might be the typical case considering that the number of URLLC UEs in a cell will not be that large. In addition, the gNB could configure different grant-free resources for different set of UEs, such that the preamble sequences can be reused in different grant-free resources.
Proposal 1: For a URLLC UE with grant-free, a preamble sequence is transmitted for UE identification. 
2.2

Preamble design considerations
To have reliable detection performance and also ease the detection effort, the preambles are assumed to be mutually orthogonal sequences, e.g. cyclic shifts of a Zadoff-Chu root sequence. Since the preamble is transmitted together with the data signal, it can be reused as the reference signals for the data signal demodulation. Therefore, in the allocated grant-free RBs in each configured mini-slot/slot, part of REs is used as preamble and others are used for data transmission. 
Proposal 2: Preamble is reused as the reference signals for data demodulation. 
To reduce the detection latency, it is desirable that the UE identication could be done through one-shot preamble detection for both K>1 and K=1 cases. We evaluated the one-shot detection performance of ZC sequences with 72/144 REs, which is shown in Figure 2. More detailed simulation assumptions are listed in the Appendix. 
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Figure 2 UE identification performance based on ZC

From the figure, it is observed that under the simulation assumptions, the missed detection rate depends on the channel statistics, the sequence length and the number of receive antennas. As an example, if a type of URLLC service requires UE identification performance to be less than 10-3, the number of REs shall be larger than 144 for the target SNR being 0dB, 2Rx antennas. 
Therefore if e.g., the time domain resource allocation is in mini-slot level and there are limited frequency resources allocated for grant-free transmission, the preamble might occupy high number of REs in the allocated RBs in order to have reliable detection performance, and therefore only small number of REs are left for data transmission. This incurs large overhead for grant-free data transmission and means that only small number of data bits could be transmitted especially with typically conservative MCS. Consequently, a given incoming packet might have to be segmented to more TBs for transmission, which means higher latency. This is not desirable from URLLC design point of view. 
Observation 2: To enable reliable UE identification through preamble detection, relatively high number of REs might be needed for preamble transmission. 
To have reliable preamble detection performance while have balanced preamble overhead for grant-free and low impact for other UEs, it is proposed to allow gNB to configure a number of OFDM symbols for preamble transmission in time domain and a bandwidth in frequency domain, depending on whether DMRS can provide reliable detection performance. There might be following possible configuration options in case the preamble BW is larger than the data transmission BW,
· Opt.1: Two set of grant-free UEs can share same preamble transmission BW, but different data transmission BW, i.e., the preambles of both set of UEs are multiplexed in the same resources. 
· Opt.2: For a target UE, the preamble REs that are within the BW for grant-free data transmission are reused as the reference signals for grant-free data demodulation. The preambles that are transmitted outside of grant-free data BW are orthogonally multiplexed with the DMRS of a grant-based UE. This reduces the impact to grant-based UEs.
Figure 3(a) and Figure 3(b) illustrate one example. In Figure 3(a), one mini-slot contains 4 OFDM symbols and gNB configures two OFDM symbols for preamble transmission. While in Figure 3(b), 3 OFDM symbols are contained in one mini-slot, and the preamble is configured to transmit in 1 OFDM symbol, but in larger transmission BW than the data transmission.
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Figure 3(a) same transmission BW of preamble and data
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Figure 3(b) Lager transmission BW of preamble than data
We have the following proposal, 
Proposal 3: Study and evaluate schemes where the gNB configures resources for reliable preamble transmission in both time domain and frequency domain.
3
Conclusions
In this contribution, we discussed the grant free UL transmission, especially for the UE identification and the correspondingly preamble design. We have the following observations and proposals: 

Observation 1: UE identification in URLLC UL grant-free shall be more reliable than the data detection performance.

Observation 2: To enable reliable UE identification through preamble detection, relatively high number of REs might be needed for preamble transmission. 
Proposal 1: For a URLLC UE with grant-free, a preamble sequence is transmitted for UE identification. 

Proposal 2: Preamble is reused as the reference signals for data demodulation. 
Proposal 3: Study and evaluate schemes where the gNB configures resources for reliable preamble transmission in both time domain and frequency domain.
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Appendix
Link level simulation assumptions:
	Parameters
	Values or assumptions

	Carrier Frequency
	4GHz

	Waveform
	OFDM

	System bandwidth
	10MHz

	Allocated PRB Number
	6

	Bandwidth Per PRB
	15 kHz * 12 = 180 kHz

	No. of allocated UEs
	10

	No. of active UEs
	2

	No. of RS REs
	72, 144

	gNB antenna configuration
	2 or 4 Rx

	UE antenna configuration
	1Tx

	SNR distribution
	Equal SNR;

	Propagation Model and UE velocity
	TDL-A30ns, TDL-C300ns, 3km/h

	RS sequence
	Zad-off Chu

	Cyclic shift interval
	Equally distributed among UEs

	False alarm rate
	0.001

	Frequency offset
	0.1 (kHz)

	Receiver
	Correlation based
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