3GPP TSG RAN WG1 Meeting #86                   







R1-167535
Gothenburg, Sweden 22nd - 26th August 2016

Agenda item:
8.1.2.2
Source: 
MediaTek Inc.
Title: 
New uplink non-orthogonal multiple access schemes for NR
Document for:
Discussion and decision
1
Introduction
In RAN1#84bis meeting, the following agreements on multiple access for New Radio (NR) have been made
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use causes.
· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied.

In this contribution, we first discuss some non-orthogonal multiple access schemes for uplink mMTC. Then we present two new schemes, namely RDMA (Repetition Division Multiple Access) and GOCA (Group Orthogonal Coded Access), as non-orthogonal multiple access candidates for UL mMTC.
2
Non-orthogonal multiple access schemes for UL mMTC
In mMTC scenario, the network is expected to accommodate a massive number of connections with infrequent small packets, and LTE-based transmissions, e.g., PRACH and grant-based transmission, lead to significant signalling overhead. Therefore, new mechanism to reduce signalling overhead should be investigated. Autonomous/grant-free/contention based non-orthogonal multiple access agreed in RAN1#84bis meeting is one possible solution to this issue.
In RAN1#84bis and RAN1#85 meetings, a variety of non-orthogonal multiple access schemes were presented to support massive devices, including low-density spreading CDMA (LDS-CDMA) [1], sparse code multiple access (SCMA) [2], resource spread multiple access (RSMA) [3], non-orthogonal coded access (NOCA) [4], interleave division multiple access (IDMA) [5], interleave-grid multiple access (IGMA) [6], etc. These six multiple access schemes could be grouped to three categories, i.e., codebook-based schemes, sequence-based schemes and interleave-based schemes, which are discussed as below.

In codebook-based schemes, e.g., LDS-CDMA and SCMA, the message passing algorithm (MPA) is used for decoding to achieve near-optimal detection and supports very high overloading scenario. However, the MPA detector complexity has polynomial growth rate with the constellation size and exponential growth rate with the maximum number of users superposed at each dimension of a codeword [7]. Therefore, the overall receiver complexity is expected to be high, if a large number of users are multiplexed on the same resource. Moreover, the multi-dimensional constellation shaping is the only difference between SCMA and LDS-CDMA. The benefit from multi-dimensional constellation is probably compromised by uncontrollable independent fading channels between users in uplink transmission, and SCMA may have marginal or even no gain over LDS-CDMA.
For sequence-based schemes, e.g., RSMA and NOCA, the common decoder is successive interference cancellation (SIC) receiver, which has less complexity compared to MAP receiver. In SIC receiver, once a code block is successfully decoded by FEC decoder, then its signal can be cancelled from the received signal. Reattempt to decode unsuccessful code words until no new code word successfully decoded or reaching maximum iteration number.
In interleave-based schemes, e.g., IDMA and IGMA, elementary signal estimator (ESE), which utilizes the advantage of random interleave, is used as common decoding algorithm. However, ESE is essentially a soft interference estimation and cancellation algorithm, and we do not expect it can provide significant performance gain over SIC receiver.
According to [8], SCMA has no performance gain over RSMA in low spectral efficiency (SE). In mMTC scenario, many devices have to operate at low SE, or low SINR, due to the transmit power limit. Thus, sequence-based and interleave-based schemes are better solutions than codebook-based schemes for uplink mMTC transmission.
To further improve performance of sequence-based and interleave-based schemes, we think there are two good approaches: better utilization of diversity and better suppression of multiple user interference (MUI), which are discussed in the next section.
3
New non-orthogonal multiple access schemes for uplink mMTC
In this section, we introduce two new schemes, namely RDMA and GOCA, as non-orthogonal multiple access candidates for uplink mMTC.
3.1
Repetition division multiple access (RDMA)

RDMA, which belongs to interleave-based scheme, can separate different users’ signals and utilize both time and frequency diversity just by simple cyclic-shift repetition. Figure 1 illustrates an example of RDMA transmitter structure with K simultaneous users by OFDM waveform. Obviously, RDMA transmitter is simpler than RSMA and IDMA because no scrambler or random interleave is required.
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Figure 1. An example of RDMA transmitter structure with K simultaneous users

Figure 2 shows an example of RDMA repetition patterns with 3 simultaneous users. In this example, total 81 (9x9) REs are shared among users. Each modulated symbol for user-i and index-k denoted as xi(k) is repeated Mrep of 3 times. Apparently the following repetition patterns lead to completely randomized multiple user MUI and both time and frequency diversity for each repeated modulated symbol.
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Figure 2. An example of RDMA repetition patterns with 3 simultaneous users
Herein the design principles of RDMA repetition pattern are discussed. Assume there are L possible positions to choose from for a permutation, then there are LMrep possible sequences for Mrep permutations. If Nue sequences are drawn from these LMrep sequences for Nue users, then the difference between any two sequences should have different values for all elements to completely randomize MUI.
When Nue or Mrep is increased, a good repetition pattern can be found by increasing L. The price to increase L is that we may lose a bit of frequency (or time) diversity as repetitions of a same modulated symbol may be located closely in frequency (or time). Thus, the absolute value of position in repetition pattern should be as small as possible to utilize diversity better. 
Finally, we consider successive interference cancellation (SIC) as RDMA receiver to provide good trade-off between receiver complexity and performance.
3.2
Group Orthogonal Coded Access (GOCA)

GOCA belongs to sequence-based non-orthogonal multiple access. Users use two-stage structure to generate group orthogonal sequences, and then spread modulated symbols into shared time and frequency resources. Figure 3 illustrates an example of GOCA transmitter structure with K simultaneous users by OFDM waveform. 
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Figure 3. An example of GOCA transmitter structure with K simultaneous users by OFDM waveform

Figure 4 shows an example of sequence generation in GOCA transmitter. Orthogonal sequence and non-orthogonal sequence are used in first and second stage, respectively. Furthermore, GOCA sequences can be divided into groups, and each group has same orthogonal sequence set and different non-orthogonal sequence. Figure 5 shows an example of repetition and resource allocation for GOCA scheme. To keep orthogonality between orthogonal sequences in the same group, localized frequency-domain repetition or time-domain repetition should be used in GOCA transmitter. Thus we can expect that GOCA with SIC receiver will have good performance in high overloading because of significant MUI reduction caused by orthogonal sequences in the same group. 
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Figure 4. An example of sequence generation in GOCA transmitter
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Figure 5. An example of repetition and resource allocation in GOCA transmitter
3.3
Simulation results

Figure 6 illustrates BLER performance of RSMA, IDMA, RDMA and GOCA with perfect power control (equal average SNR), no timing offset and perfect channel estimation [9]. Obviously the proposed RDMA and GOCA schemes can have significant gain over RSMA and IDMA especially in high overloading scenarios. The gains can be up to 2.7dB and 3.2dB for RDMA and GOCA, respectively.
Observation 1: RDMA has up to 2.7dB performance gain over RSMA and provides good trade-off between transmitter/receiver complexity, performance and scalability. Therefore, RDMA is a good candidate for uplink multiple access scheme for mMTC.
Observation 2: GOCA has up to 3.2dB performance gain over RSMA and provides excellent performance in high overloading. Therefore, GOCA is a good candidate for uplink multiple access scheme for mMTC.

From the above observations, we have following proposals: 
Proposal 1: RDMA should be further studied as a multiple access candidate for mMTC contention-based uplink transmission.

Proposal 2: GOCA should be further studied as a multiple access candidate for mMTC contention-based uplink transmission.
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Figure 6. BLER performance of RSMA, IDMA, RDMA and GOCA, perfect power control, no timing offset, ideal channel estimation
4
Conclusion

In this contribution, we discussed non-orthogonal multiple access schemes and introduced two new schemes, namely repetition division multiple access (RDMA) and group orthogonal multiple access (GOCA). The observations and proposals are as follows:
Observation 1: RDMA has up to 2.7dB performance gain over RSMA and provides good trade-off between transmitter/receiver complexity, performance and scalability. Therefore, RDMA is a good candidate for uplink multiple access scheme for mMTC.
Observation 2: GOCA has up to 3.2dB performance gain over RSMA and provides excellent performance in high overloading. Therefore, GOCA is a good candidate for uplink multiple access scheme for mMTC.

Proposal 1: RDMA should be further studied as a multiple access candidate for mMTC contention-based uplink transmission.
Proposal 2: GOCA should be further studied as a multiple access candidate for mMTC contention-based uplink transmission.
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Appendix
A.1 Examples of RDMA pattern
Figure 7 shows some RDMA patterns of 2, 3 and 4 times repetition, which satisfy RDMA repetition pattern rules discussed in section 3.1. Obviously RDMA can provide enough scalability to support different connection densities. 
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Figure 7. An example of RDMA patterns of 2, 3 and 4 times repetition
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