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1 Introduction
In RAN1 #87 and #Adhoc, the following was agreed on grant-free Uplink (UL) transmission and URLLC specific aspects [1,2]:

	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
Agreements:
· 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




In this contribution, we discuss uplink (UL) transmission scheme without grant for URLLC.
2 Discussion
For URLLC, reliability and latency are key requirements [3]. As agreed in RAN1 #87, UL grant-free transmission is supported for URLLC because UL grant signaling overhead can be reduced for low latency transmission. On the other hand, reliability is an important consideration for grant-free transmission. From the reliability point of view, non-contention based transmission, which is similar with the non-contention based semi-persistent scheduling (SPS) of LTE, would be useful for grant-free transmission. If considering the SPS, sufficiently shorter periodicity would be needed to guarantee the low latency transmission. When transmission data is stored in the UE buffer, the UE can transmit these packets on the semi-static resources of the non-contention based SPS. However, when the UE buffer is empty, assigned semi-static resources would be wasted. In addition, if a lot of UEs transmit using non-contention based SPS, a large amount of orthogonal resources would be needed to serve all the UEs. For example, the left of fig.1 shows the non-contention based SPS. In this case, four UEs are allocated non-contention based SPS resources and apply the uplink skipping mechanism, which has already been introduced in LTE latency reduction and would be reasonable for URLLC grant-free transmission because URLLC packet would arrive sporadically. In this example, each UE is assigned the semi-static resources with FDM. Each color block means the used semi-static resources for grant-free transmission. In contrast, white blocks mean the unused semi-static resources because UE buffer is empty. If UE buffer is empty frequently, it is inefficient for resource utilization. On the other hand, the right figure in fig.1 shows the contention based SPS. UE1&2 or UE3&4 are allocated the same resources for SPS. In this case, resource utilization can be improved compared with the non-contention based transmission because some UEs share the same resources to reduce unused allocated semi-static resources. As above, allowing contention based transmission would be useful for grant-free transmission to improve the resource utilization.
Observation 1
: Non-contention based transmission without grant for URLLC would be inefficient for resource utilization.
Observation 2
: Contention based transmission without grant for URLLC could improve the resource utilization compared with non-contention based transmission. 
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Figure 1. [Left] Non-contention based SPS / [Right] Contention based SPS
If contention based transmission without grant is supported, contention resolution and reduction mechanisms are important to improve the reliability. If sharing of resources among UEs is allowed, then contention would occur; for example the red block in fig.1 right figure. To avoid the degradation of performance due to contention resources, contention resolution and reduction would be required. As contention resolution and reduction mechanism, link adaptation and switching to grant based for retransmission would be useful. For link adaptation, if the MCS index can be dynamically configured after semi-static resource configuration, UE can constantly transmit by using appropriate resource size. If MCS becomes too low without link adaptation because UE moves, UE may need to transmit using a too low code rate in spite of sufficient channel condition, therefore UE needs to transmit much shorter TBs many times. As a result, the possibility of resource collision would also increase. As observed above, link adaptation mechanism is useful for contention reduction, especially for high-speed environment. By switching to grant based for retransmissions, contention can be reduced and resolved. If retransmission is also taking place by grant-free, the possibility of resource collision would increase given that additional resources are used for retransmissions. On the other hand, if switched to grant based retransmission, this retransmission doesn’t affect other grant-free transmissions and reliability of retransmissions is higher than grant-free retransmissions. The switching to grant based mechanism for retransmissions is useful for contention resolution and reduction. In addition, to use a NOMA scheme and advanced receiver, contending signals could be decoded by advanced receiver. Without NOMA, contending signals would cause a failure and need for retransmission which further means an increase of latency due to retransmission. On the other hand, with NOMA, contending signals can be decoded by advanced receivers. Therefore, NOMA would be useful for contention and grant-free based transmissions to reduce the latency. 

Proposal 1
: NR should support link adaptation for grant-free transmission. 

Proposal 2
: NR should support grant based retransmission for grant-free transmission. 

Proposal 3
: RAN1 should consider supporting the NOMA for contention based and grant-free transmission. 
3 Conclusions
In this contribution, we have discussed the grant-free UL transmission scheme for URLLC. The following observations and proposals are made:
Observation 1
: Non-contention based transmission without grant for URLLC would be inefficient for resource utilization.
Observation 2
: Contention based transmission without grant for URLLC could improve the resource utilization compared with non-contention based transmission. 
Proposal 1
: NR should support link adaptation for grant-free transmission. 

Proposal 2
: NR should support grant based retransmission for grant-free transmission. 

Proposal 3
: RAN1 should consider supporting the NOMA for contention based and grant-free transmission. 
References

[1]
Chairman's Notes RAN1_87, November 2016.
[2]
Chairman's Notes RAN1_adhoc, January 2017.
[3]
3GPP TR 38.913 v14.0.0, “Study on Scenarios and Requirements for Next Generation Access Technologies”.

_1547463753.vsd
UE1


UE2


UE3


UE4


Unused Resource
(White block)


Used Resource
(Color block)


Non-contention based


Contention Resource
(Red block)


UE1&2


UE3&4


Not
allocated
resources


Used Resource
(Color block)


Contention based


Time


Frequency



