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1. Introduction
At the RAN1 #87 meeting [1], the following agreements regarding UL grant-free transmission were achieved for URLLC:
Agreements:
· 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

In this contribution, we provide our views on UL transmission and HARQ mechanism for URLLC. Analysis about UL URLLC traffic is also presented to further discuss potential options of UL transmission for mechanism URLLC. 
2. UL transmission for URLLC
Uplink scheduling option
Conventionally, dynamic scheduling by gNB provides frequency selective gain and high robust performance. For dynamic scheduling, transmission of scheduling request and/or buffer status report (BSR) would be necessary in order for gNB to acquire enough information of UL buffer. However, transmission of such information demands large latency. Especially for the case UL traffic with small packets where each packet can be transmitted by one transmission, the transmission procedure starting from SR/BSR is not beneficial for latency reduction. To meet the requirement of latency for URLLC, dynamic scheduling without full information on UL buffer, e.g. without SR/BSR at gNB may be needed. For this, gNB needs to schedule a UE onto every TTI (pre-scheduling) since gNB has limited information on UL buffer status of the UE. However, in this case, transmission of scheduling information would result in large signaling overhead. During the past meetings, UL transmission scheme without grant (grant-free) is proposed to be adopted for URLLC since it is beneficial for reduction of both signaling and latency. For grant-free transmission, semi-persistent scheduling (SPS) is one of promising scheduling schemes to satisfy the latency requirement. For SPS, resources for UL transmissions could be reserved for sufficiently shorter periodicity (e.g., every TTI) in order to reduce the latency. However, UE buffer can be empty for most of the TTIs depending on the packet arrival rate for the UE. Therefore, uplink skipping where UE can skip its uplink transmission if UE buffer is empty should be assumed to avoid unnecessary UL transmission. We note that uplink skipping mechanism has already been introduced in LTE latency reduction [2]. Similar mechanism is also introduced for LTE sidelink for Rel-12 LTE D2D, i.e. UE autonomous resource selection, e.g., random selection within higher layer configured resource pool. Both SPS and resource pool based transmission will be good candidates for support of uplink latency reduction scheme with semi-static resource allocation. 
On the other hand, significant amount of UL resource can be wasted for SPS if orthogonal resources are reserved for each UE. To improve the resource utilization, allowing collision/contention among UL transmissions in non-orthogonal manner can be considered. In order to avoid/resolve significant performance degradation due to contention, following options can be considered:

· Option 1: Advanced receiver for NOMA/MU-MIMO to decode collided transmission
· Option 2: Grant based/grant free retransmission to resolve contention
For option 1, UL channels transmitted on the same resource by different users can be separated by advanced receiver and non-orthogonal multiple techniques. For option 2, once contention occurs and gNB failed to decode the UL channel(s) by the contention users, HARQ retransmission is applied to recover the decoding failure. Considering the reliability improvement through the HARQ operation, it is desirable to carry out HARQ re-transmission by grant-based, even if the initial transmission is done by grant-free.  
To ensure the reliability of UL grant-free transmission for URLLC, reliably identifying the transmitting UEs is very important. Especially for option 2, decoding failure in case of collision could be acceptable with a certain probability; however, without reliable UE identification, gNB cannot know who/when the re-transmission occurs. UE identification could be realized by reliable RS (or preamble) transmission, e.g. orthogonal RS for different UEs. The reliability of UE identification based on RS is depending on the number of orthogonal RSs and the arrival rate of URLLC traffic for a given contention resource. If orthogonal RS can be configured for each UE, sufficient reliability is expected. In addition, further enhancement of RS design can be considered to improve the reliability of RS detection and support larger number of URLLC active UEs.
Proposal 1: UL SPS with UL transmission skipping and application of HARQ for the case of collision could be the baseline for URLLC UL grant free transmission.
Proposal 2: To ensure the reliability of UL grant-free transmission, grant-based HARQ retransmission should be further studied
Proposal 3: Reliable RS transmission for UE identification should be further studied
Analysis of URLLC traffic
To further analyse the contention probability of grant-free transmission for URLLC, we provide the quantitative analysis of URLLC traffic by numerical simulation. The assumptions are presented in Table 1. FTP Model 3 with 10 UE/sector distribution is assumed. Two different cases for resource candidates, i.e. number of resource candidate sets is 1 or 2, are considered in the simulation. If number of resource candidate set is 1, all the UEs in a cell are allowed to access the resource candidate set for URLLC. On the other hand, if 2 resource candidate sets are assumed, the total UEs in a cell are divided into 2 groups, i.e. 5 UEs in a group. Therefore, for the case of 2 resource candidate sets, maximum 5 UEs can be allowed for one certain resource candidate set. Two different sizes in time-domain for a given resource candidate set are considered, i.e. 0.125 ms or 1 ms. Besides, the error probability of one transmission is assumed to be controlled to be 5/10/15%. Both the average number and the 95%-tile number of active UEs are analyzed, where the 95%-tile active UEs is defined as 95% value of the cumulative distribution function (CDF) of the number of active UEs.
Table 1: Simulation assumptions
	Traffic model
	FTP Model 3 (with Poisson arrival)

	Traffic load 
	0.05~1.9 packets/ms/UE

	UE distribution
	10 UE/sector

	Maximum number of UEs in the same resource candidate
	5 or 10

	Size of resource candidate set in time-domain
	0.125 ms or 1 ms

	Retransmission probability
	5/10/15 %
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(a)                                                                                          (b)

Figure 1: Average number of active UEs (a) and 95%-tile number of active UEs (b) per sector per resource candidate set (assuming 1 resource candidate set in every TTI)
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Figure 2: Average number of active UEs (a) and 95%-tile number of active UEs (b) per sector per resource candidate set (assuming 2 resource candidate sets in every TTI)
Figure 1 (a) and (b) show the average and 95%-tile number of active UEs per sector per resource candidate set with different packet arrival rate. Note that 1 resource candidate set is assumed. From the figures, it can be seen that the number of active UEs increases significantly when packet arrival rate increases. When shorten TTI length is assumed, e.g. TTI length=0.125 ms, the increase of number of active UEs per resource candidate becomes more smooth even with increasing of packet arrival rate. It indicates that contention probability of UL transmission could be reduced. In Figure 2 (a) and (b), average and 95%-tile number of active UEs per sector per resource candidate set are shown with different packet arrival rate assuming 2 resource candidate sets. Similar trends can be observed when assuming 2 resource candidate. Given a certain packet arrival rate, shorter TTI and/or more resource candidate sets are beneficial for reducing the collision probability.
Observation 1: To satisfy the latency & reliability requirements of URLLC, the SPS period of resource candidate for UL Tx should be small;

Observation 2: Assuming TTI length = 0.125 ms, and 1 or 2 resource candidate set(s) every TTI, the probability of UL Tx collision is small;

Observation 3: Given a certain packet arrival rate, the probability of UL Tx collision increases if SPS period of candidate resource for UL Tx is increased;
3. Conclusion
In this contribution, we discussed the UL transmission and HARQ mechanism for URLLC. Analysis about UL URLLC traffic was also presented . Observations and proposals are summarized below.
Observation 1: To satisfy the latency & reliability requirements of URLLC, the SPS period of resource candidate for UL Tx should be small;

Observation 2: Assuming TTI length = 0.125 ms, and 1 or 2 resource candidate set(s) every TTI, the probability of UL Tx collision is small;

Observation 3: Given a certain packet arrival rate, the probability of UL Tx collision increases if SPS period of candidate resource for UL Tx is increased;
Proposal 1:  UL SPS with skipping and HARQ for potential collision could be the baseline for URLLC UL grant free transmission;

Proposal 2: To ensure the reliability of UL grant-free transmission, grant-based HARQ retransmission should be further studied
Proposal 3: Reliable RS transmission and identification should be further studied
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