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Introduction
[bookmark: _GoBack]In RAN1 #93 meeting, the following agreements have been made about the receiver for NOMA [1].
· In performing performance evaluation, companies should provide analysis of receiver complexity. Particularly (with details FFS):
· Detector complexity 
· Decoding complexity
· Interference cancellation complexity, if any
· Number of iteration(s), if any
· Other receiver optimization, if any
· Complexity for the preamble/DMRS detection
· Memory requirements
· Latency
· FFS which simulation cases to be selected for evaluation
Discuss further next meeting potential template capturing the complexity analysis, especially regarding the level of details in the analysis
In this contribution, we show our views on evaluation of receivers for NOMA. 
Discussion
1.1. Evaluation including receiver complexity
In the previous meeting, items of the receiver evaluation relating to complexity have been agreed, and the details of the evaluation have been FFS.
Generally, the total complexity of the receiver algorithm and its performance tend to be tradeoff and it is difficult to compare the algorithms without their performance baseline. For example, as the number of iteration of decoding and interference cancellation step increases to obtain good performance, the complexity may also increase. Hence, for the evaluation of the receiver complexity, it should be set a target performance for fair comparison.

Proposal 1: RAN1 should set a target performance to evaluate the receiver complexity for fair comparison.

In addition, complexity of the NOMA receiver depends not only on the each identified receiver signal processing block but also parameters such as the number of UEs, the target number of RBs, and so on. It seems that the implementation scale of the receiver may depend on the condition with the highest complexity, and the evaluation should be based on mMTC scenario of which the assumed number of UEs is expected to be larger.

Proposal 2: Receiver evaluation relating to complexity should be based on the mMTC scenario as the first priority.

1.2. Evaluation for Asynchronous Transmission considering receiver complexity
In the previous meeting, synchronous and asynchronous transmission was discussed and the following agreement has been made.

· Synchronous UL data transmission should be the starting point.  
· Also considers the asynchronous transmission
· Timing offset is within [0,  y] as starting point, where y has two values at least for the purpose of evaluation:
· Case 1: CP/[2] < y <= CP+rms_DS, with detailed value FFS
· Case 2: 2*CP>=y > CP, with detailed value FFS
· Additional value(s) for y are not precluded
· Possible down-selection can still be discussed 
· FFS the channel structure and procedures for asynchronous.

The typical situation of the asynchronous transmission is a case applying grant free access without timing advance (hereinafter-called TA free transmission). TA free transmission is beneficial especially for mMTC from the aspects of signaling overhead and UE power consumption reduction. In TA free transmission, it is assumed that all the UEs are commonly synchronized with DL synchronization signal, and transmit signals in UL based on the synchronized timing without additional UE-specific timing alignment using TA command. In gNB side, the UL signals from UEs are received with their own timing, where the timing offset between signals is yielded from the difference of the round trip (DL and UL) propagation path length. Here, it needs to be discussed how much possibility cyclic prefix (CP) lengths of OFDM symbols can absorb the timing offset in realistic scenarios.

Table 1 summarizes the round trip path length difference that can be absorbed by CP length in every subcarrier spacing.

Table 1 Difference of propagation path length that can be absorbed by CP length
	Subcarrier spacing [kHz]
	CP length [us]
	Round trip path length difference corresponding to CP length [m]

	15
	4.69
	1407

	30
	2.34
	702

	60
	1.17
	351

	
	4.17 (extended CP)
	1251

	120
	0.59
	177



It seems that the receiving timing offset with round trip path length difference might exceed CP length (i.e. the timing offset Case 2 agreed in previous meeting) with higher probability in realistic scenarios such as a macro cell, and even a small cell depending on the subcarrier spacing. In Case 2 and cases with much longer timing offset, receiver requires following additional signal processings which are not required for synchronous transmission.
· Multiple FFT timing decision
· Multiple timing FFT and multi-user detection corresponding to each FFT timing
Furthermore, in this situation, some types of interference should be additionally considered. In a resource pool (RB groups) assigned for asynchronous transmission, superposition signals span multiple FFT timing. Hence, the receiver type with interference cancellation requires cancellation among different FFT timings. In addition, if resource blocks assigned for synchronous grant free and/or grant based transmission simultaneously coexists with the resource pool assigned for asynchronous transmission in the same system bandwidth, that yields interference for detection of asynchronous UEs in the resource pool because the signals are non-cyclic within the FFT window. Likewise, asynchronous UEs cause interference to the UE detection in resource blocks assigned for synchronous transmission, and cause the performance degradation. Those may be negative aspects of the asynchronous transmission, and should be considered in the performance evaluation.

Proposal 3: Performance evaluation for asynchronous transmission should take the additional signal processing into account, such as multiple FFT timing decision, multiple timing FFT, multi-user detection for each FFT timing and interference mitigation among different FFT timings, and should clarify the effectiveness from the aspects of performance gain by neglecting TA procedure and receiver complexity.

Proposal 4: For asynchronous transmission, effect of interference from asynchronous UEs to UEs for synchronous transmission including grant-based access which are simultaneously operated in the same system bandwidth should be evaluated.

Conclusion
In this contribution, we mainly discussed evaluation of receiver for NOMA. Based on the this discussion, our views are summarized as follows

Proposal 1: RAN1 should set a target performance to evaluate the receiver complexity for fair comparison.

Proposal 2: Receiver evaluation relating to complexity should be based on the mMTC scenario as the first priority.

Proposal 3: Performance evaluation for asynchronous transmission should take the additional signal processing into account, such as multiple FFT timing decision, multiple timing FFT, multi-user detection for each FFT timing and interference mitigation among different FFT timings, and should clarify the effectiveness from the aspects of performance gain by neglecting TA procedure and receiver complexity

Proposal 4: For asynchronous transmission, effect of interference from asynchronous UEs to UEs for synchronous transmission including grant-based access which are simultaneously operated in the same system bandwidth should be evaluated
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