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1. Introduction
[bookmark: _Hlk521410680]In WG1 Meeting #94 [1], RAN1 continued the discussion on various aspects of NOMA schemes.  Under the sub-agenda related to the transmitter side processing, RAN1 resumed the debate on the categorization, and also conducted further discussion on details of schemes for cross evaluation. As the results, following agreements related to transmitter side processing were reached, 
	· Capture Section 2 and Annex in R1-1809786 into TR38.812. 
·  (Update on Friday) R1-1809974 – section 2 and Annex are agreed
· For random MA signature (including RS) in LLS, companies report the details of the chosen Option(s):
· Opt 1: Fixed number of UEs, with each UE randomly selects a MA signature from a pre-configured MA signature pool
· Number of potential UEs and the pool size should be reported
· Opt 2: Fixed number of randomly activated UEs, with each potential UE’s MA signature pre-configured.
· Number of potential UEs and the pool size should be reported
· Realistic UE/MA signature detection should be performed.
· DMRS extension, if any
· FFS whether to align the pool size for performance evaluations.




In this contribution, we provide an overview of the IDMA transmitter processing and DMRS design for our evaluation. More specifically, we discuss and share our 24 ports DMRS design for high overloading scenarios.
2. Overview of IDMA Transmitter Processing
[bookmark: _GoBack]Figure 1 shows the basic structure of an IDMA-based NOMA transmitter [2]. At the transmitter, UE payload is coded and then randomized prior to transmission in the shared channel. The randomization should be user-specific and can be implemented by interleaving. The operation of the transmitter can be summarized in the following steps:
The bit sequence input for a given code block to channel coding is denoted by , where  is the number of bits to encode. After encoding the bits are denoted by , where  is the number of bits in the coded block. 
The rate matching for LDPC code is defined per coded block and consists of bit selection and bit interleaving. The output bit sequence after rate matching is denoted as . The parameter which reflects the effective spreading achieved through coding and rate matching is determined based on the expected overloading capability. The rate-matched sequence is then scrambled to produce the sequence  [3].
The scrambled block of bits , is interleaved in a UE-specific manner resulting in a block of interleaved bits . The employed interleaver function is based on random interleaving, however other implementations may be considered as well. As shown in Figure 2, the random interleaver changes the order of the elements of the input bit stream based on a permuted version of the input index. The permutation pattern is UE specific and it is considered as the index for MA signature for IDMA operation. The interleaved payload is then delivered to the modulator and the waveform generation functions [4].  


[bookmark: _Ref523316473]Figure 1 - IDMA transmitter Processing
It is possible to bypass the UE-based interleaver, and only rely on UE-based scrambling to distinguish between users at the receiver. As such, instead of using a UE specific interleaver to separate users, a UE specific scrambling sequence can be employed. Using a scrambler has the same desired effect as interleaving in randomizing the coded bits prior to the transmission, however an interleaver-based design may provide a more robust performance in fading and high interference scenarios.
As shown in Figure 1, from implementation perspective, an IDMA-based NOMA solution closely follows the current NR signal chain with minimum impact on specifications. Therefore, an IDMA-based solution would not imply any potential concern from PA linearity perspective.
In a multi-layer NOMA transmission, the same described process as shown in Figure 1 is re-instantiated according to the number of layers.  Figure 3 shows an  layer IDMA transmitter where each layer is configured with a different IDMA signature, i.e., interleaving pattern. 
[bookmark: _Hlk521410198]Observation 1: From implementation perspective, an IDMA-based NOMA solution closely follows the current NR signal chain with minimum specification impact.
Observation 2: An IDMA transmitter can be easily reconfigured to enable multi-layer transmission and operation in various SE and target BLER.




[bookmark: _Ref523409803]Figure 2 - Random interleaver



Figure 3 A -layer IDMA-based NOMA transmitter

3. DMRS Support for High Overloading Scenario
Current NR specifications support up to 12 orthogonal DMRS ports. To study the performance with realistic channel estimation with more than 12 users, an extended design of NR DMRS needs to be considered. 
In our simulations with more than 12 users, we have assumed an additional two OFDM symbols of overhead giving 4 total OFDM symbols per slot. Each pair of OFDM symbol follows the NR design such that each DMRS group supports 4 orthogonal ports. As shown in Figure 4, the proposed extension allows up to 24 users to be multiplexed per TTI with orthogonal DMRS port assignments. Figure 5 shows IDMA performance with 12 and 24 UEs with the proposed DMRS design. 
Proposal 1: Support high overloading scenarios by extending the current DMRS design through duplication of DMRS symbols.




Figure 4 Subframe with DMRS extension to 24 ports
[image: ]
Figure 5 BLER performance of the IDMA in high overloading scenario with real channel estimation

4. Conclusions
In this contribution, we have provided an overview of IDMA transmitter processing, and also presented our DMRS design for high overloading scenarios. Based on the discussion, the following observations are made: 
Observation 1: From implementation perspective, an IDMA-based NOMA solution closely follows the current NR signal chain with minimum impact on specifications.
Observation 2: An IDMA transmitter can be easily reconfigured to enable multi-layer transmission and operation in various SE and target BLER.
Proposal 1: Support high overloading scenarios by extending the current DMRS design through duplication of DMRS symbols.
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Appendix
Table 1 Link level simulation assumptions
	Parameters
	mMTC

	Carrier Frequency
	700 MHz

	Waveform (data part)
	CP-OFDM

	Channel coding
	NR LDPC

	Numerology (data part)
	SCS = 15 kHz, #OS = 14

	Allocated bandwidth
	6 PRBs

	TBS per UE
	10 bytes

	Target BLER for one transmission
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	TDL-A [12, 24]


	BS antenna configuration
	2 Rx

	UE antenna configuration
	1Tx  

	Propagation channel & UE velocity
	AWGN, TDL-A 30ns in TR38.901, 3 km/h

	Max number of HARQ transmission
	1

	Channel estimation
	Ideal and real channel estimation

	MA signature allocation (for data and DMRS)
	Fixed

	Distribution of avg. SNR
	Equal

	Timing offset
	0

	Frequency error
	0

	Traffic model for link level
	Full buffer

	Performance metrics 
	BLER 
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