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1 Introduction
In RAN1 #86 and #87, the following was agreed on grant-free Uplink (UL) transmission and URLLC specific aspects [1,2]:

	Agreements:
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
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 discuss uplink (UL) transmission scheme without grant for URLLC.
2 Discussion
2.1 Link Adaptation for Grant-free based UL transmission
For URLLC, lower latency and higher reliability are required [3]. As agreed in RAN1 #87, UL grant-free transmission is useful for latency reduction because the signaling overhead associated with the grant can be reduced. On the other hand, ultra reliable communication is a challenge for grant-free transmission. If there are no grants for an uplink transmission, the Modulation and Coding Scheme (MCS) index is not signaled to the UE via the UL grant. This means that dynamic link adaptation, like LTE, would be difficult. If dynamic link adaptation is not possible, the gNodeB signals a static MCS value to the UE in the initial access procedure, as one of the options. If the gNodeB configures the appropriate MCS index considering the throughput and channel condition, the UE would be able to transmit with better frequency efficiency and satisfy the required reliability. However, if channel conditions deteriorate for a time, the UE could fail to successfully transmit the data. As a result, reliability would be reduced significantly. 
As a countermeasure, the gNodeB can configure a lower MCS index in order to have a margin because channel conditions could be worse at the time of actual uplink transmission compared to the time of initial access. If the gNodeB configures a lower MCS index, reliability would be improved compared to the case of no MCS index margin. On the other hand, because the gNodeB configures lower MCS indexes for some UEs operating with grant-free UL transmission, those UEs need to use more transmission resources. When there is a limited resource pool, the possibility of resource collision would be increased if many UEs use more transmission resources. If UEs cannot increase transmission resources, they have to reduce the transport block size. However, the number of transmissions would increase because the transport block size per transmission is reduced. As a result, the possibility of resource collision would also increase. 
Based on the above discussion, if the gNodeB configures a static MCS index for UEs operating with grant-free UL transmission, reliability could be reduced. If the MCS index can be configured after initial access, the previously discussed problems would be improved. Therefore, even if the UE transmits with grant-free UL transmissions, it is useful to consider link adaptation schemes with dynamic or semi-static configuration.
Proposal 1
: RAN1 should consider supporting a link adaptation scheme for the UL transmission scheme without grant for URLLC.
2.2 Contention or Non-contention based transmission without grant
For URLLC, reliability is a key requirement, therefore grant-free based, but non-contention based, transmission would be useful. The resources for the non-contention based transmission could be pre-configured by the gNodeB or pre-determined. However, because every UE has its own dedicated resource to transmit without grant, a large amount of resource would be needed to serve all URLLC UEs, especially for an environment supporting a lot of UEs. In addition, as has been discussed about grant-free transmission in NR multiple access sessions so far, mMTC also should be targeted to support UL “autonomous/grant-free/contention based” transmission, which is a RAN1 #86 agreement. If we consider mMTC, which has a massive connection requirement, for further study, there would be more resource collision in grant-free based transmission compared with URLLC. Although it is better for URLLC to use non-contention based transmission without grant to avoid resource collision, we should also consider contention based transmission without grant, especially for an environment supporting a lot of UEs. In addition, we think it is also reasonable to carefully consider the specification of URLLC grant-free transmission bearing in mind mMTC grant-free based transmissions, to avoid any obstacle in future NR specification work.
Proposal 2
: RAN1 should consider contention and non-contention based transmission without grant for URLLC. 

Proposal 3
: RAN1 should carefully consider specifying URLLC grant-free transmission, bearing in mind mMTC grant-free based transmissions, to avoid any obstacle in future NR specification work. 

3 Conclusions
In this contribution, we have discussed the grant-free UL transmission scheme for URLLC. The following proposals are made:
Proposal 1
: RAN1 should consider supporting a link adaptation scheme for the UL transmission scheme without grant for URLLC.
Proposal 2
: RAN1 should consider contention and non-contention based transmission without grant for URLLC. 

Proposal 3
: RAN1 should carefully consider specifying URLLC grant-free transmission, bearing in mind mMTC grant-free based transmissions, to avoid any obstacle in future NR specification work. 

References

[1]
Chairman's Notes RAN1_86, August 2016.
[2]
Chairman's Notes RAN1_87, November 2016.
[3]
3GPP TR 38.913 v14.0.0, “Study on Scenarios and Requirements for Next Generation Access Technologies”.

