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Introduction
In RAN1 #92 meeting, the evaluation assumptions for link-level evaluation have been agreed [1]. In RAN1 #92bis meeting, evaluation assumptions for system-level evaluation were discussed and some of the link-level parameters were also clarified [2]. In RAN1 #93 meeting, the evaluation assumptions as well as evaluation metrics for LLS and SLS are further discussed [3]. In this contribution, some further link-level evaluation results for IGMA are shown. 
LLS evaluation results for IGMA
Based on the latest agreement as well as the output of the e-mail discussion, the evaluation results are summarized in this section. The performance of IGMA under non-ideal scenarios, including power imbalance, timing offset as well as frequency offset, is also evaluated and analyzed. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2.1 Evaluation results for ideal cases
mMTC case
The evaluation results for mMTC case are shown in Fig. 1.
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Fig. 1 Evaluation results for mMTC case
eMBB case
The evaluation results for mMTC case are shown in Fig. 2.
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Fig. 2 Evaluation results for eMBB case
[bookmark: OLE_LINK3]2.2 Evaluation results with non-ideal factors
Some of the non-ideal factors have been discussed during last several meetings, including power imbalance, timing offset and frequency offset. In this sub-section, the performance of IGMA non-ideal factors is demonstrated. 
1.1 
1.2 
Power imbalance
In this sub-section, the evaluation results for power imbalance are demonstrated. Fig. 3 shows the evaluation results of IGMA under ideal case and with power offset. In the simulation, the power offset with uniform distribution [x-3, x+3] dB is assumed, where x (dB) is the average SNR. 
[image: ][image: ]
(a)                                       (b)
[image: ]
[bookmark: OLE_LINK9][bookmark: OLE_LINK10](c)
Fig. 3. Evaluation results for power offset
In Fig. 3, it can be observed that power imbalance will cause performance degradation about 1 dB. For small TBS, as shown in Fig. 3 (a), due to the powerful channel coding, the performance gap is less than 1 dB. When then TBS increases or the number of UEs increases, the channel coding cannot compensate the loss caused by the power imbalance, leading to a certain level of performance degradation. In Fig. 3(b), the performance gap between ideal case and case with power offset is about 1.3 dB at BLER = 10-1.
Timing offset
In this sub-section, the impact of timing offset is analysed and evaluated. For IGMA with timing offset larger than CP, it is better to use SIC-type receiver combining sliding window to minimize the impact of ICI and ISI. Specifically, for the detection of each UE, the starting position of FFT is determined by the timing of this UE, which can be obtained by the DMRS of this UE. Meanwhile, the signal reconstruction should also include IFFT and consider the timing of UE. By this way, the timing offset larger than CP can be also addressed with sacrifice of much higher complexity. 
Fig. 4 shows the evaluation results for IGMA with and without timing offset. In the evaluation, the maximum timing offset is set to 1.5 CP-length. 
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Fig. 4. Evaluation results for timing offset
From Fig. 4, we can observe that by using MMSE-SIC, the performance gap between ideal case and the case with timing offset larger than CP is small, especially under the assumption of 6UE with 20bytes. With the increase of UE number, this performance gap will be larger, but still acceptable.

Frequency offset
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]If frequency offset is considered, the residue ICI will influence the performance. However, considering that the agreed frequency offset is small (±70Hz for 700MHz carrier frequency and ±150Hz for 4GHz carrier frequency), the performance degradation is not large. 
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Fig. 5. Evaluation results for frequency offset
As observed in Fig. 5, since the frequency offset for 700MHz carrier frequency is small compared to sub-carrier spacing, the introduction of frequency offset is small. From the above evaluation results on non-ideal scenarios, we have following observation.
Observation 1: IGMA can be well adapting to various non-ideal cases, including power imbalance, timing offset, and frequency offset.

2.3 Evaluation results for realistic channel estimation
In this sub-section, the evaluation results of IGMA under realistic channel estimation are shown to emphasize the feasibility of IGMA in real channel environments. Several DMRS types proposed in [4] are used to support more than 12 UEs.
DMRS extension for Type-1 DMRS configuration
To support more than 12 UEs, the sequence used for type 1 DMRS is changed from gold sequence to ZC sequence and the cyclic shifts for one root sequence are used to provide more orthogonal DRMS sequences. More detailed information can be found in [4]. 
Here IGMA with 24 UEs are evaluated. To support such high UE number, 6 CSs, 2 OCCs and 2 combs are used. mMTC scenario with 10 bytes TBS is considered for evaluation. At the receiver, the DFT-based LS channel estimation with time-domain noise suppression is applied. Fig. 6 shows the evaluation results for IGMA with ideal and realistic channel estimation.
[image: ]
Fig. 6. Evaluation results for Orthogonal DMRS with Type-1 configuration
As can be observed from Fig. 6, the performance gap between ideal CE and realistic CE is less than 3 dB. Considering that 24 UEs can be supported, such performance is acceptable.
DMRS extension for Type-2 DMRS configuration
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Fig. 7. Evaluation results for non-orthogonal DMRS extension with Type-2 configuration
Fig. 7 shows the evaluation results for realistic channel estimation with extension of Type-2 DMRS configuration, e.g, “3Comb + TD-OCC + FD-OCC” is combined with 2 PN sequences with 2 different initial values to support 24 UEs. The simulation result in Fig. 8 shows the good performance in realistic channel estimation with non-orthogonal DMRS close to the ideal channel estimation, although the performance in terms of channel estimation would be affected by inter-user interference per REs caused by non-orthogonal DMRS extension.
Observation 2: Extension designs on current DMRS pattern have the potentials to support more UEs.
Conclusion
In this contribution, LLS evaluation results for IGMA are shown, including ideal cases on various scenarios, and non-ideal cases, including power imbalance, timing offset, as well as frequency offset. Based on above evaluation results and analysis, we have following observations and proposals.
Observation 1: IGMA can well-adapt to various non-ideal cases, including power imbalance, timing offset, and frequency offset.
Observation 2: Extension designs on current DMRS pattern have the potential to support more UEs.
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Appendix
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]A.1 Evaluation assumptions
The evaluation assumptions for LLS are shown in Table 1 as follows.
Table 1. LLS evaluation assumptions
	Parameters
	mMTC
	URLLC
	eMBB

	Carrier Frequency
	700 MHz
	700 MHz or 4 GHz 
	4 GHz, 
700 MHz as optional

	Waveform 
(data part)
	CP-OFDM and DFT-s-OFDM
	CP-OFDM as starting point
	CP-OFDM as starting point

	
	
	
	

	Channel coding
	URLLC: NR LDPC
eMBB: NR LDPC 
mMTC: NR LDPC

	
	

	
	

	Numerology (data part)
	SCS = 15 kHz, #OS = 14
	Case 1: SCS = 60 kHz, #OS = 7 (normal CP), optionally 6 (ECP)
Case 2: SCS = 30 kHz, #OS = 4
	SCS = 15 kHz
#OS = 14

	
	
	
	

	
	
	
	

	Allocated bandwidth
	6 as the starting point
	12 for 60 kHz SCS and 24 for 30kHz SCS as the starting point
	12 as the starting point

	TBS per UE
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
Lower than 0.1 bits/RE is optional
	At least five TBS that are [10, 20, 40, 60, 75] bytes. Other values higher than 10 bytes are not precluded.
	At least five TBS that are [20, 40, 80, 120, 150] bytes. Other values higher than 20 bytes are not precluded.

	
	
	
	

	Target BLER for one transmission
	10%
	0.10%
	10%

	Number of UEs multiplexed in the same allocated bandwidth
	To be reported by companies. 

	
	

	BS antenna configuration
	2 Rx or 4 Rx for 700MHz,
4 Rx or 8 Rx for 4 GHz 
8 Rx as optional

	
	

	
	

	UE antenna configuration
	1 Tx  

	Propagation channel & UE velocity
	TDL-A 30ns and TDL-C 300ns in TR38.901, 3km/h, CDL optional

	Max number of HARQ transmission
	1 as starting point. 
	1 as starting point. More values, 2 for URLLC can be used.
	1 as starting point.

	Channel estimation
	Ideal channel estimation results should be reported for calibration

Realistic channel estimation

	
	

	
	

	MA signature allocation (for data and DMRS)
	Fixed/Random

	Distribution of avg. SNR
	Both equal and unequal
	Equal
	Both equal and unequal

	
	
	
	

	Timing offset
	0 as starting point. 
For grant-free without perfect TA (asynchronous), 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

	Frequency error
	0 as starting point. 
Also evaluate uniform distribution between -70 and 70 Hz for 700MHz carrier frequency, and uniform distribution between [-140] and [140] Hz for 4GHz carrier frequency.

	Traffic model for link level
	Full buffer as starting point. 
Non-full-buffer model (like Poisson arrival of fixed packet size) is optional.

	For link level calibration purpose only
	OMA single user whose spectral efficiency is the same as per UE SE in NOMA. 
AWGN curves can be provided also.
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