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1 Introduction
In RAN1 #85, the scenarios for 5G NR multiple access schemes were discussed and the following characteristics have been agreed [1]:

· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources
Then in RAN1 #86, it has been further agreed that at least the following options for “autonomous/grant-free/contention based” UL transmission should be studied [2]:

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS 
· Other options are not precluded

And it has been also agreed in RAN1 #86 that a MA resource for “grant-free” UL transmission is comprised of a MA physical resource and a MA signature, where a MA physical resource is comprised of a time-frequency block and a MA signature includes at least one of the following [2]:
·  Codebook/Codeword 
· Sequence 
· Interleaver and/or mapping pattern 
· Demodulation reference signal 
· Preamble 
· Spatial-dimension 
· Power-dimension 
· Others are not precluded 

Based on the achieved agreements above, we provide our considerations on “Opt.2: a UE’s resource is pre-configured by eNB or pre-determined” for “grant-free” based UL non-orthogonal multiple access in this contribution. The pre-configuration on both MA physical resource and MA signature for a UE is investigated and presented.
2 Discussion
For “grant-free” based MA, as dynamic and explicit scheduling grant for a UE’s UL transmission is not available, the MA resource for a UE is expected to be pre-configured or pre-determined by eNB in order to achieve both high resource utility and low MA resource collision.
In this contribution, we provide some design considerations on MA resource pre-configuration or pre-determination, which include both MA physical resource and MA signature.
2.1 UE grouping
Considering that MA resource is quite limited, for large number of “grant-free” UEs in mMTC scenario, MA resource should be shared among UEs to enable high resource utility. However, when the number of “grant-free” UEs sharing the same MA resource exceeds the resource’s allowed degree of freedom (DoF), the UEs cannot be distinguished at receive side, and the UEs’ transmit data may fail to be decoded. 

Therefore, in order to easily control the number of “grant-free” UEs sharing the same MA resource, we propose to group UEs into several groups, where the number of UEs can be same or different in each individual group. Depending on the type of MA resource shared, the UEs from the same group share the same MA resource or the UEs from different groups share the same MA resource. In the following subsections, the eNB performs MA resource pre-configuration based on UE groups.

Proposal 1: The “grant-free” UEs should be divided into groups to guarantee that the number of UEs sharing the same MA resource doesn’t exceed the resource’s allowed DoF.

2.2 MA physical resource pre-configuration for UE groups
Before we discuss the design considerations on MA physical resource pre-configuration, we define a “grant-free” transmit unit, which is minimum time-frequency unit a “grant-free” UE transmit on, it consists of a certain number of subcarriers in frequency domain as well as symbols in time domain. At receive side, eNB performs blind detection per each “grant-free” transmit unit. Further, the whole MA physical resource can be expressed as a set of “grant-free” transmit units.
Attributes to the MA signatures and advanced receivers of 5G NR non-orthogonal MA schemes, multiple UEs can transmit on the same physical resource by employing different MA signatures. Thus, the allowed DoF of MA physical resource is larger than 1, and the maximum allowed DoF depends on the MA signature design as well as receiver’s capability in a specific non-orthogonal MA scheme. Considering the allowed DoF of MA physical resource, we propose to pre-configure the same physical resource to a total number of “grant-free” UEs, with the number no larger than the resource’s maximum allowed DoF. Specifically, we propose to pre-configure MA physical resource to UE groups in a non-orthogonal manner and pre-configure MA physical resource to the UEs in the same UE group in an orthogonal manner. In other words, eNB pre-configures the whole MA physical resource to each UE group, and pre-configures only a partial of MA physical resource to a UE within a UE group, where no overlapping between the resources pre-configured to UEs in the same group. Therefore, the number of UEs sharing the same physical resource equals to the number of UE groups and can be easily controlled by eNB.
Furthermore, the physical resources pre-configured for the UEs within the same UE group can be in same size or different; and the physical resource pre-configuration over different UE groups can be in same or different pattern, as shown in Figure 1. 
Proposal 2: MA physical resource should be pre-configured to “grant-free” UEs in a combination of orthogonal and non-orthogonal way.
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Figure 1 An example of MA physical resource pre-configuration.

2.3 MA signature pre-configuration for UE groups 

Among the MA signature agreed in RAN 1 #86 as summarized in section 1, demodulation reference signal (DMRS) is used by “grant-free” UEs to provide channel estimation for uplink demodulation in a majority of 5G non-orthogonal MA schemes. When two UEs employ the same DMRS on the same physical resource, it fails to estimate the accurate channel condition for both UEs and leads to a failed demodulation subsequently. Therefore, the maximum allowed DoF of a DMRS on the same physical resource is 1, which indicates that a DMRS should be pre-configured to at most 1 UE on the same physical resource. By recalling that MA physical resource is orthogonally pre-configured to the UEs from the same UE group and non-orthogonally pre-configured to the UEs from the different UE groups, thus, we propose to pre-configure each UE group with a different DMRS, and pre-configure UEs from the same UE group with the same DMRS. 
For the other agreed MA signature except DMRS, i.e., codebook/codeword, interleaver and/or mapping pattern, it can be observed from the presented simulation results that several UEs employing the same MA signature on the same physical resource are able to be distinguished by advanced receivers under accurate channel estimation [3, 4]. Therefore, the maximum allowed DoF of such a MA signature on the same physical resource is larger than 1 and the precise value varies over different non-orthogonal MA schemes. For such kind of MA signature, we propose to pre-configure the same signature to the UEs from the same UE groups, and the same or different signature to the UEs from different UE groups.
Proposal 3:  MA signature should be pre-configured to “grant-free” UEs in conjunction with MA physical resource pre-configuration.
3 Conclusions
In this contribution, we provide our considerations on MA resource pre-configuration or pre-determination for “grant-free” based UL transmission. According to the above discussion, we have the following proposals:
Proposal 1: The “grant-free” UEs should be divided into groups to guarantee that the number of UEs sharing the same MA resource doesn’t exceed the resource’s allowed DoF.

Proposal 2: MA physical resource should be pre-configured to “grant-free” UEs in a combination of orthogonal and non-orthogonal way.
Proposal 3: MA signature should be pre-configured to “grant-free” UEs in conjunction with MA physical resource pre-configuration.
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