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Discussion and Decision
1
Introduction
URLLC is one of the three usage scenarios for future 5G and has been envisioned as one of the enablers for future vertical applications such as industrial automation, e-health, autonomous driving and so on. TR38.913 [1] defines some general requirements for URLLC, such as a target U-plane average latency of 0.5 ms, and a reliability of 1-10-5 to transmit a 32 bytes packet within 1 ms.

In RAN1#87, the following was agreed regarding UL transmission for URLLC:

· At least an UL transmission scheme without grant is supported for URLLC

· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design
RAN1#NR Adhoc agreed the following: 
· For an UL transmission scheme without grant

· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data

· channel structure of grant-based data transmission can be starting point

· 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
Also it was agreed in RAN1 #88 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 resource configuration, the basic transmission procedures and HARQ aspects for URLLC grant-free.
2
Discussion 


As agreed in RAN1, UL transmission scheme without grant is supported for URLLC. UL grant-free transmission can achieve lower latency and lower signalling overhead than grant-based transmission since UE does not need to send scheduling request and wait for UL grant before data transmission. Furthermore it can relax the reliability requirement on data channel since the errors due to scheduling request and resource grant can be avoided [2]. It is therefore attractive to use grant-free to meet the stringent delay requirement in case of intermittent or periodic small packet transmission in URLLC. 
2.1


Flexible UL grant-free configurations
To maximize the benefits of grant free allocation for URLLC, the initial transmission and the repetition/retransmission should be configured individually, on dedicated resources or shared resources. These options give more freedom for the resource allocation on different conditions (loaded or unloaded network, periodic or aperiodic traffic, different latency constraints etc.). Figure 1 below shows possible options.
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Figure 1: Possible options for resource configurations
It is worth to point out that Figure 1 is not restricted to any particular time/frequency scale. Besides this, the time in TTIs between the initial transmission and retransmission tr, and also between the transmission occasions ts, can be configured according to the service requirements. That is, tr can last from 0 TTIs (in case of automatic retransmission/repetitions) to at least the number of TTIs required in the case of feedback based retransmission. And ts can also last 0 TTIs (which is an occasion in every TTI), or more, depending on the latency contraint.
Proposal 1: The semi-static grant free allocation of dedicated versus shared resources can be flexibly configured for initial transmission and retransmissions separately.
2.2
UE identification and basic transmission procedure
As was agreed, a UE could be configured with K times repetitions for one TB transmission with grant-free, until UE receives an UL grant for the same TB. A prerequisit is that the gNB could identify which and/or when UE is transmitting even though it does not correctly decode the transmitted data block, such that gNB could apply the soft combination when receiving the repetitions, and/or turn the transmission to be grant based. There should be dedicated signals transmitted from UE for gNB to do UE identification, and gNB will carry out the UE identification before or together with the data detection. Instead of transmitting a dedicated signal, the UE may also apply spreading with a unique sequence. In order to reduce the detection complexity, the gNB might always do UE identification before doing data signal detection by doing typically correlation or despreading operations. This is mostly gNB implementation based, but results in a criterion for the design of the dedicated signals for the UE identification. The implication is that the detection requirement of the dedicated signalling shall be at the same level or better than the data detection requirement in URLLC (as low as 10-5), and should be fulfilled by one-shot detection or detection based on limited number of repetitions (when repeated transmission for a TB is configured) to ensure low latency. Then after detection of the dedicated signal and identification of the UE, the gNB starts to decode the data signals.
Observation 2: There shall be a dedicated signal from the UE that allows the gNB to reliably identify the UE through one-shot detection or detection based on limited number of repetitions. The detection requirement shall be at the same level or better than the data detection requirement. 
For UE identification, we evaluated the 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 for a given SNR, the missed detection probability depends on the false alarm rate (FL), the channel statistics and the sequence length. 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 in EPA channel, FL=0.01. More REs are needed for lower SNR, and/or lower FL, and/or ETU channel. 
Therefore for some cases when e.g., there are limited resources allocated for grant-free transmission, if the REs used for transmitting the dedicated signal is fully within the allocated resources, large overhead is needed and possibly leads to a higher number of transmissions (more segmented TBs) for a given incoming packet, which means higher latency. This is not desirable from URLLC design point of view. 
Observation 3: High number of REs might be needed for UE identification, depending on the detection requirements. 
Based on the observations, we propose that for URLLC UL grant-free transmission, a preamble is transmitted together with the data block. The preamble is used to identify the UE and shall be designed to be reliable enough and meet the scalable detection requirement in URLLC. Depends on the configuration, the preamble and data are transmitted in the full or partial overlapped frequency resource, in which case the preamble could be served as the reference signal. 
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Figure 3: Basic grant-free transmission procedure

When there is a packet in the UE buffer, UE starts the grant-free transmission in the configured resources. The basic transmission procedure includes a preamble transmitted together with the data block in the first step, and a response in the second step, as illustrated in Figure 3. The data signal is repeated K times, depending on gNB configuration. The response could be either a UL grant during the data transmission, or an dedicated ACK transmitted in the DCI.  
Proposal 2: For a URLLC UE with grant-free, a preamble is transmitted for UE identification. The preamble can be configured to transmit in partially or fully overlapped frequency resources with the simultaneous data transmission.  
The preambles are assumed to be mutually orthogonal sequences, e.g. cyclic shifts of a Zadoff-Chu root sequence. A preamble sequence could be exclusively allocated to a UE, if the number of UEs allocated with the same grant-free resources is smaller than the number of available preamble sequences. This implies that the number of URLLC UEs are not that many in the cell. In addition, the gNB can configure different resources for preamble and data transmission for different set of UEs, so that the preamble sequences can be reused for these set of UEs. 
However in practice, to have reliable detection performance, UEs will not be assigned with sequences with neighboring cyclic shifts. Therefore with UE unique preamble sequence, it incurres a restriction on the number of UEs that can be configured with the same grant-free resources, which is not efficient when there are many URLLC UEs and the traffic is very sparodic. In this case it is beneficial that the preamble sequences could be shared among UEs, for example, UEs might randomly select a preamble from the available preamble sequences, or two or more UEs are assigned with the same preamble sequence. 
Proposal 3: A preamble sequence could be exclusively allocated to a UE by the gNB or can be shared among UEs and randomly selected.   
2.3
HARQ Aspects for UL grant-free transmission
The effectiveness and the efficiency of HARQ are very important to achieve high reliability for URLLC especially in the context of UL grant-free transmissions where collisions may occur. In this section, grant-free HARQ transmissions are intended to comprise any grant-free transmission, whether K repetitions or singular transmissions (initial HARQ transmission or re-transmission after a Nack). It is critical to maximize the diversity for URLLC transmissions. With the low latency requirement, the benefit of of time diversity is very limited; as a result, frequency and interferer diversity become even more important and can be achieved via frequency hopping. Note that the URLLC mini-slot may be very short , shorter than the LTE subframe by a factor of M; as a result, the URLLC transmission needs to be stretched in frequency by the same factor in order to carry the same amount of information. Particularly for cases where the URLLC transmission spans a relatively large number of bits, the transmission may span a wide frequency range and additional frequency diversity gains  achieved by frequency hopping may be small. In such cases, time hopping (e.g., variable time offsets between HARQ transmissions) may be necessary to provide the desired interferer diversity gain. Frequency hopping is illustrated in Figure 5 with fixed time offsets between transmissions. In practice, time offsets may not be fixed between transmissions, particularly if time hopping is employed. Further note that transmissions in the figure are generic and may apply to K repetitions or the initial transmissions and re-transmissions if Nacks are received.
Proposal 4: Grant-free URLLC should support HARQ transmissions that maximize frequency and/or interferer diversity. Frequency and/or time hopping between initial and subsequent re-transmissions, if needed, should be supported (one example is shown in Figure 5).
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Figure 5: Frequency hopping between HARQ transmissions of URLLC to achieve frequency and interferer diversity

Further, in order to maximize the received energy to decode a URLLC transmission and improve decoding reliability within a latency constraint, there should be provision for the transmissions to be combined. For frequency- or time-hopped URLLC transmissions, this would require that the frequency and/or time offsets between HARQ transmissions be known to both the transmitter and receiver.

Proposal 5: Grant-free URLLC should support combining between grant-free HARQ transmissions, whether based on feedback or blind repetitions.
Finally, while the focus of this paper relates to grant-free transmission for URLLC, there may be scenarios in which a transition from grant-free to grant-based transmission (or vice versa) may occur for a given packet. In such cases, in order to improve decoding reliability, combining across all transmissions, whether grant-free or grant-based, should be supported.

Proposal 6: URLLC should support combining across all transmissions of a given packet, whether grant-free or grant-based.
3
Conclusions
In this contribution, we discussed the grant free UL transmission resource configuration, operation principle for contention based transmission and HARQ support. Based on the discussion we have the following observations and proposals: 

Observation 1: For K times repeated transmission of a TB, if more than one TB transmission in the same TTI is not allowed, the UL-grant received during a time window within the K repetitions is taken as scheduling the same TB.

Observation 2: There shall be a dedicated signal from the UE that allows the gNB to reliably identify the UE through one-shot detection or detection based on limited number of repetitions. The detection requirement shall be at the same level or better than the data detection requirement. 
Observation 3: High number of REs might be needed for UE identification, depending on the detection requirements. 
Proposal 1: The semi-static grant free allocation of dedicated versus shared resources can be flexibly configured for initial transmission and retransmissions separately.
Proposal 2: For a URLLC UE with grant-free, a preamble is transmitted for UE identification. The preamble can be configured to transmit in partially or fully overlapped frequency resources with the simultaneous data transmission.  
Proposal 3: A preamble sequence could be exclusively allocated to a UE by the gNB or can be shared among UEs and randomly selected.   
Proposal 4: Grant-free URLLC should support HARQ transmissions that maximize frequency and/or interferer diversity. Frequency and/or time hopping between initial and subsequent re-transmissions, if needed, should be supported (one example is shown in Figure 5).

Proposal 5: Grant-free URLLC should support combining between HARQ transmissions and/or blind repetitions.

Proposal 6: URLLC should support combining across all transmissions of a given packet, whether grant-free or grant-based.
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Appendix
Link level simulation assumptions:
	Parameters
	Values or assumptions

	Carrier Frequency
	2GHz

	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
	2Rx

	UE antenna configuration
	1Tx

	SNR distribution
	Equal SNR;

	Propagation Model and UE velocity
	EPA, ETU, 3km/h

	RS sequence
	Zad-off Chu

	Cyclic shift interval
	Equally distributed among UEs

	False alarm rate
	0.01, 0.001

	Frequency offset
	0.1 (kHz)

	Receiver
	Correlation based
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