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1
Introduction
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 detail

· FFS other details of design

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
In RAN1 #89, it was agreed that,

· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 

· If network configures, L1 signalling 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.
Based on these agreements, we discuss the UE identification and HARQ design for URLLC UL grant-free transmission.
2

Discussion

2.1

UE identification using preamble
For UL grant-free transmission, a UE can be configured with K times repetitions (K>=1) for one TB transmission. UE will continue the repetitions until UE receives an UL grant for the same TB (or potentially a positive acknowledgement from the gNB). The gNB should be able to identify which UE is transmitting even if it fails to decode the transport block, such that gNB knows the starting of data transmission and 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 decoding reliability in URLLC. The gNB will always carry out UE identification before doing the data decoding. 
Observation 1: UE identification in URLLC UL grant-free shall be more reliable than the data decoding performance.

Based on that, we propose that a preamble sequence is transmitted and used to identify the UE. The preamble shall be designed to be reliable enough and meet the detection requirement in URLLC. 

The preambles are assumed to be mutually orthogonal sequences, e.g. cyclic shifts of a Zadoff-Chu root sequence. 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 be not 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.

The preamble sequence is transmitted together with the data signal, and can be reused as the reference signals for the data signal demodulation.
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. 
To reduce the detection latency, it is desirable that the UE identification 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 1. More detailed simulation assumptions are listed in the Appendix. 
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Figure 1 UE identification performance based on ZC

From the figure, it is observed that high number of REs might be needed to enable reliable preamble detection. As an example, if a type of URLLC service requires the missed detection rate to be less than 10-3, the number of REs shall be larger than 144 for the target SNR being 0dB, 2Rx antennas. This suggests that directly reusing DMRS in PUSCH for UE transmission detection may not provide satisfactory performance.
Base on this, it is proposed that the gNB could configure several OFDM symbols for preamble transmission in time domain and a bandwidth in frequency domain, depending on how much resource is needed to provide reliable detection performance. The configuration shall achieve balanced preamble overhead for grant-free and low impact for other UEs. 
Figure 2 illustrates one example. In Figure 2(a), one mini-slot contains 4 OFDM symbols and gNB configures two OFDM symbols for preamble transmission. While in Figure 2(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 2 Transmission BW of preamble and data
In case the preamble BW is larger than the data transmission BW, the preamble REs that are within the BW for grant-free data transmission are reused as the reference signals for grant-free data demodulation. To reduce the impact to other UEs, there might be following possible configuration options,
· Opt.1: Two set of grant-free UEs can share same preamble transmission BW, but different data transmission BW.
· Opt.2: The preambles that are transmitted outside of grant-free data BW are orthogonally multiplexed with the DMRS of a grant-based UE. 
Proposal 3: Study and evaluate schemes where the gNB configures resources for reliable preamble transmission in both time domain and frequency domain.
2.2

HARQ
Depending on the configured grant-free resources and the MCS, an incoming URLLC packet might be segmented to be multiple TBs. Multiple HARQ processes shall be supported for grant-free, and the UE does not need to wait for the response for a TB from the gNB before starting transmission of new TB(s). Therefore, the transmission latency is reduced. 
On the other hand, the number of grant-free HARQ processes should be configurable by the gNB. The grant-free transmission is restrictive from the amount of allocated resources, and turning to schedule based transmission for the rest of transmission is therefore more efficient and is also beneficial from latency reduction point of view. 
Proposal 4: Multiple HARQ processes for grant-free should be supported. Further, the number of HARQ processes for grant-free should be configurable. 
With multiple grant-free HARQ processes, the UE needs to know which HARQ process the response signal is targeting. If synchronous HARQ is supported, UE knows such relationship based on the fixed timing between the data transmission and the response signal, therefore the HARQ process ID is not needed in the response signal. While for asynchronous HARQ, which is more flexible, the gNB should be able to determine the HARQ process ID for a TB. It is possible that the UE indicates the HARQ process ID explicitly through a dedicated channel, but this will increase the overhead and may reduce the reliability of decoding as multiple messages will need to be decoded. 
Rather than explicitly indicating the HARQ process number, it is more efficient to implicitly indicate the HARQ process number; further, this does not reduce the decoding reliability. A simple way to implicitly indicate the HARQ process number is to enable a mapping from the physical slot index, which is similar with that in legacy LTE SPS. Note, however, that this may not be sufficient. Consider, for example, a user with H grant-free HARQ processes. If the pre-configured grant-free resources for this user is every i*H resources, where i is an integer, then mapping with a modulo operation would lead to the same HARQ process number being used each time. This can be avoided if logical slot indices are employed, where only the grant-free resources are enumerated. Finally, in case of repetition with K>1, the mapping would be based on the logical slot associated with the first transmission.
Observation 2: if synchronous HARQ is supported for grant-free, the HARQ process ID does not need to be included in the response signal. 
Proposal 5: if asynchronous HARQ is supported for grant-free, the HARQ process ID should be implicitly derived from the logical slot index of the first transmission.
After the base station has detected the presence of a given user's transmission, it will attempt to decode the data. If the decoding is unsuccessful, the gNB may schedule the retransmission. At this point, if the gNB configured a grant-free RNTI [1], the DCI for scheduling the retransmission of a grant-free initial transmission will be scrambled by this grant-free RNTI, while the DCI for scheduling the retransmission of any grant-based TBs is scrambled by the C-RNTI. Based on that, same HARQ process ID might be used by the grant-free initial transmission and grant-based transmission from a same UE, without causing any misunderstanding on the associated TBs in the scheduling DCI. 
However, if the grant-free RNTI is not configured, which is the case when there is no L1 signaling for grant-free reconfiguration [1], the DCI for scheduling a retransmission will be scrambled by C-RNTI, which is same with the DCI for scheduling the grant-based TB. In this case, if asynchronized HARQ is used, the implicitly deduced HARQ process ID for a grant-free TB might happen to be same with that for a grant-based TB that needs to be (re)transmitted. The UE needs to understand the scheduling is targeted for which TB. One solution is to include an explicit indication in the scheduling DCI, indicating either a grant-free retransmission or a grant-based (re)transmission. That is also to say, a TB is identified by HARQ process ID and such indication. An alternative is to use separate pools of HARQ process IDs for grant-free and grant-based initial transmission, so that such confusion would not occur. Another way is to implicitly decide based on TBS and/or a time period introduced for trasnsmitting the response signal after the grant-free initial transmission, within which the UL grant is just for scheduling the grant-free retransmission. This however, has some impact on scheduling grant-based TB within this time period.
Proposal 6: If a grant-free RNTI is configured, the DCI for retransmitting a TB with grant-free initial transmission is scrambled by this grant-free RNTI.

Proposal 7: If a grant-free RNTI is not configured, a specific TB is identified by HARQ process ID in the DCI, or implicit decided by TBS and/or the response signal timing.
In the event that decoding of a grant-free transmission is successful, the gNB should transmit an ACK to the user. If the gNB is to schedule new data for the user, an UL grant can be used to implicitly indicate the ACK. In the event that new data is not to be scheduled for this user, transmitting just an ACK using a UE specific DCI might be inefficient. A group common DCI was therefore proposed [2] to carry the ACK for group of grant-free UEs. However, with group common DCI, for multiple UEs within the same group, the probability that more than one UEs transmits simultaneously can be small considering more typical sporadic traffic, which means that the resource saving from group-common DCI could be small. 
Proposal 8: An explicit ACK is transmit to the user when a grant-free transmission is successful and no new data is transmitted. FFS whether the ACK is carried in the UE specific DCI or a group common DCI. 
3
Conclusions
In this contribution, we have the following observations and proposals for URLLC grant-free,
Observation 1: UE identification in URLLC UL grant-free shall be more reliable than the data decoding performance.

Observation 2: if synchronous HARQ is supported for grant-free, the HARQ process ID does not need to be included in the response signal. 

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.

Proposal 4: Multiple HARQ processes for grant-free should be supported. Further, the number of HARQ processes for grant-free should be configurable. 
Proposal 5: if asynchronous HARQ is supported for grant-free, the HARQ process ID should be implicitly derived from the logical slot index of the first transmission.
Proposal 6: If a grant-free RNTI is configured, the DCI for retransmitting a TB with grant-free initial transmission is scrambled by this grant-free RNTI.

Proposal 7: If a grant-free RNTI is not configured, a specific TB is identified by HARQ process ID in the DCI, or implicit decided by TBS and/or the response signal timing.

Proposal 8: An explicit ACK is transmit to the user when a grant-free transmission is successful and no new data is transmitted. FFS whether the ACK is carried in the UE specific DCI or a group common DCI. 
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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
	2Rx or 4Rx

	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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