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Introduction
[bookmark: _GoBack]In the past RAN1 meetings from #84bis to #86, different multiple access (MA) schemes were proposed as 5G candidates, including code-based schemes, power-based schemes, and interleaving-based schemes [1, 2]. The following non-orthogonal multiple access schemes have been reported up to RAN1#86 for at least UL NR MA (listed in the order of proposed time, i.e., increasing tdoc number) [3]:
· Sparse code multiple access (SCMA) (e.g., R1-162153)
· Multi-user shared access (MUSA) (e.g., R1-162226)
· Low code rate spreading (e.g., R1-162385)
· Frequency domain spreading (e.g., R1-162385)
· Non-orthogonal coded multiple access (NCMA) (e.g., R1-162517)
· Non-orthogonal multiple access (NOMA) (e.g., R1-163111)
· Pattern division multiple access (PDMA) (e.g., R1-163383)
· Resource spread multiple access (RSMA) (e.g., R1-163510)
· Interleave-Grid Multiple Access (IGMA), (e.g., R1-163992)
· Low density spreading with signature vector extension (LDS-SVE) (e.g., R1-164329)
· Low code rate and signature based shared access (LSSA), (e.g., R1-164869)
· Non-orthogonal coded access (NOCA), (e.g., R1-165019)
· Interleave Division Multiple Access (IDMA), (e.g., R1-165021)
· Repetition division multiple access (RDMA), (e.g., R1-167535)
· Group Orthogonal Coded Access (GOCA), (e.g., R1-167535)
In current discussion, all the candidates have the same physical resource configurations, i.e. all UEs are superposed on the same time-frequency resources. For example, for code-based schemes, the data from different UEs are first spread using different code sequences with the same length and then superposed on the same time-frequency resources. In practical scenarios, different UEs may have different service requirements in terms of data rate, traffic volume, and latency. How to take various UE requirements into consideration of MA design is an open issue. In this contribution, we will discuss about the MA schemes with considering different UE requirements.

Impact of UE service requirements on resource pool configuration
In practical, different UEs have different service requirements in terms of data rate, traffic volume, and latency. In different usage scenarios, the MA design should consider the UE requirements. For mMTC scenarios, it is possible that UEs have the same characteristics of small packet transmission and low requirements on latency. For URLLC scenarios, UEs may have high requirements on latency. For eMBB scenarios, UEs may have large or small packet transmission and have various requirements on latency. Comparing with transmitting a large data packet, transmitting a small packet usually requires fewer time-frequency resources. High latency requirements may call for allocating more frequency resources rather than time resources for transmission. 
From above analysis, we can observe that the direct impact of the UE service requirement is shown in the aspect of the definition/configuration of the resource pool for MA schemes [4]. The size of the resource pool is highly related to the transmission packet size. Since the typical packet size of mMTC is small. The resource pool for mMTC should be small. The time range and frequency range of the resource pools should also be well suitable for the usage scenarios. For the delay-sensitive scenarios like URLLC, more frequency resources and fewer time resources should be contained in the resource pool. For the delay-insensitive scenarios like mMTC, fewer frequency resources and more time resources can be contained in the resource pool. For eMBB scenarios, the range in both time domain and frequency domain should highly depend on the types of UEs that are allocated to a common resource pool. If the UE types in a common resource pool are the same, which is either delay-sensitive or delay-insensitive, they can take the same principle of URLLC and mMTC. If the UE types are mixed, the resource pool should have large range in both time domain and frequency domain. 
Proposal 1: The definition/configuration of resource pool from the aspects of the resource pool size and the arrangement of the time and frequency resources should consider the UE service requirements. 
The impact of UE service requirements on MA schemes
When UEs in a common resource pool have the same service requirement, some parameters of MA signatures such as the sequence length, the size of codeword and so on can be configured the same value. The time and frequency configuration for the MA can be the same. For example, when the codeword length is four, each codeword can take up four resource elements in frequency domain for delay-sensitive case and can take up four resource elements in time domain for delay-insensitive case as shown in Fig. 1.  


Figure 1. resource assignment of delay-sensitive and delay-insensitive cases

When multiple UEs in a common resource pool have different service requirements, we can assign different parameters of MA signatures for different UEs. For example, when the UE has low data rate requirement, it can use a long spreading code, and when the UE has high data rate requirement, it can use a shorter spreading code. An example is shown in Fig. 2. UE1, UE2, and UE3 have high data rate requirement, and thus codewords with four elements are allocated to them. UE4, UE5, and UE6 have low data rate requirement, and thus codewords with eight elements are allocated to them. 
[image: ]
Figure 2. illustration of the MA signature assignment with different data rate requirements
When multiple UEs in a common resource pool have different latency requirements, we can allocate different time and frequency resources for different UEs. For example, as shown in Fig.3, UE1 is delay-insensitive and thus more time resources are allocated to UE1. UE2 is delay-sensitive and thus more frequency resources are allocated to UE2. The codewords of UE1 and UE2 can have different MA signatures, such as the codeword length, code pattern and so on.



Figure 3. illustration of the MA signature assignment with different latency requirements
Proposal 2: MA signature design, including the codeword length, and the code pattern, should consider UE service requirements.
To well utilize the detection methods such as MPA, SIC, and multi-user detection with the same configuration for the MA signatures [5], the codeword design for different types of UEs should be taken carefully. One example of the codeword design is shown as follows. The spreading codes can be generated with the following structure,

[image: ][image: ][image: ]
where           is the basic spreading vector for UE i,       is the out code,        is the Kroneker product operation. The basic spreading vector can be from the traditional design as for SCMA, PDMA, MUSA [image: ]and so on. The out code,      , can be a spreading code like Walsh code. Traditional detection methods for spreading codes with equal length can also be used and only an additional combining is needed.

Conclusions
In this contribution, we provide the impact of UE service requirement on the MA design and based on the above discussion, we have the following proposals:
Proposal 1: The definition/configuration of resource pool from the aspects of the resource pool size and the arrangement of the time and frequency resources should consider the UE service requirements. 
Proposal 2: MA signature design, including the codeword length, and the code pattern, should consider UE service requirements.
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