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1 Summary
This document describes transmitter size signal processing of ACMA  in a time-limited frequency resource assignment including Time-Division Duplexing (TDD), and an option to use multi-layer transmission to increase the multiple access capacity of ACMA for transmission with large TBS.  
2 Time staggered (partially asynchronous) code multiple access (ACMA)
Figure 1 shows a block diagram of time-staggered ACMA[1], for user k.
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Figure 1. ACMA transmit block diagram (single branch)
After mapping to constellation points (QPSK), the symbols are scrambled by the random sequence ci,k,nwhich is the ith symbol of the kth UE of the nth transmission, and dk,n is the delay value for the kth UE for the nth transmission. Note the three indices for the scrambling pattern and two indices for the delay value (delay is applied to each transmission while scrambling is applied to each symbol).  This notation allows the MA signature for each UE (index k) and/or each transmission (index n) to be either randomly selected or pre-assigned.

ACMA uses randomly staggered timing to improve overloading capability by randomly distributing multi-user interference, wherein the start time of each transmission is randomly distributed over the symbols of a slot. Figure 2 illustrates the range of start and end of transmissions.
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 Figure 2. Illustration showing distribution of start and end timing of transmissions 


The transmission can be symbol synchronous or symbol asynchronous without any significant performance difference. To support K simultaneous UEs per slot over a time period corresponding to N consecutive slots, K x N UEs access the channel. ACMA uniformly randomizes the starting transmission point of K x N UEs to any OFDM symbol (for symbol synchronous transmission) within the first N-1 slots. By the end of Nth slot, all K x N UEs are done transmitting and the channel can be used for another purpose, to support other services or TDD operation. In our simulations, we use N=5.  As shown in [1], partially asynchronous ACMA (illustrated in Fig. 2) retains most of the performance gains of fully asynchronous ACMA, while allowing the system to operate in TDD mode.

Observation 1. Partially asynchronous NOMA transmission as shown in Figure 2, can retain most of the performance gains of fully asynchronous NOMA, while allowing the system to operate in TDD mode.

ACMA uses a combination of randomly staggered timing and symbol-based scrambling, based on pseudo-random sequences such as Gold sequences with different seeds as MA signature. The receiver is based on standard ESE receiver. No additional MMSE detection is needed.  

3 Multi-branch transmission 

For higher TBS sizes, ACMA uses multi-branch transmission [2]. 
[image: ]
Figure 3. Multi-branch transmission before FEC

In particular, multi-branch transmission before FEC (scheme a) is chosen for two reasons: 
1. It allows the receiver to treat each branch as if it is an additional user. 
2. It allows the receiver to stop iterating on already converged branches, since each branch can include its own CRC check.

Observation 2. Multi-branch transmission before FEC allows: 
1. the receiver to treat each branch as if it is an additional user. 
2. the receiver to stop iterating on already converged branches, since each branch can include its own CRC check.

For TBS sizes of 10 and 20 bytes, a single branch is used, whereas for TBS sizes of 40, 60, and 75 bytes, 3 branches are used with a uniform power difference, p, of 3.5 dB between branches.

4 DMRS extension

For high overloading capability it is necessary to both increase the number of DMRS symbols and to obtain a larger number of DMRS sequences.  As an example, three DMRS symbols can be Sa, Sb, and Sc.  Take the case of 6 RB or 72 subcarriers.  Each of these symbols will be a size 71 ZC sequence, cyclically extended to 72.  There are 70 different ZC sequences available of length 71.  In addition, each cyclic shift of each of these sequences is available. Thus, there are 70x72 sequences.  In the case where, for example, 3 DMRS symbols are used, each UE is assigned 3 of the available 70x72 sequences.  A 1 to 1 mapping between the ZC sequence assignment and the pseudo-random symbol scrambling code is used.


5 Conclusions
In this document, we summarize the transmitter side signal processing of ACMA. We have two observations:
Observation 1. Partially asynchronous NOMA transmission as shown in Figure 2, can retain most of the performance gains of fully asynchronous NOMA, while allowing the system to operate in TDD mode.
Observation 2. Multi-branch transmission before FEC allows: 
1. the receiver to treat each branch as if it is an additional user. 
2. the receiver to stop iterating on already converged branches, since each branch can include its own CRC check.
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