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1. Introduction
In RAN1 #86bis and #87 meeting, preliminary system level simulation results for NR multiple access schemes targeting for mMTC were submitted [1][2]. From these contributions, we observe some divergences on the simulation assumptions, including BS antenna configuration, UE antenna height, penetration loss model, etc.
We already discussed the simulation assumptions in email discussion “[86-16] Templates for NR MA” before RAN1 #86bis meeting. Unfortunately, we did not achieve consensus on some parameters, e.g. BS antenna configuration, because some proponents have concern on whether the simulation assumptions could result in 164 dB maximum coupling loss (MCL), which is required for mMTC scenario evaluation according to TR38.913 [3].
In this contribution, the remaining issues on system level simulation assumptions for multiple access for mMTC are further discussed, and some considerations on grant-free transmission simulation are also presented.

2. Discussion
2.1. System level simulation assumptions
Based on the preliminary system level simulation contributions, the assumptions used for BS antenna configuration and UE antenna height can be summarized as follows:
· BS antenna configuration

· Option 1a: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), 2 TXRU, one TXRU maps to one antenna element.
· Option 1b: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU, one TXRU maps to 10 antenna elements.

· UE antenna height

· Option 2a: Follow TR36.873, i.e. multi-floor.
· Option 2b: Fixed 1.5m.
And correspondingly four cases were used in the simulation:
· Case 1: Option 1a + Option 2a.
· Case 2: Option 1a + Option 2b.
· Case 3: Option 1b + Option 2a.
· Case 4: Option 1b + Option 2b.
To observe the differences, we carry out further investigations on coupling loss distribution for these four cases. The other simulation assumptions are shown in Table 1 in the Appendix. BS antenna downtilt of 96 degree is used for Case 3 and Case 4 with BS antenna configuration “Option 1b”.
Fig.1 shows the coupling loss distribution for the four cases. The coupling loss distribution (building penetration loss scenario 2 with 0.75 inter-site correlation coefficient [4]) for NB-IoT system level simulation is also shown in Fig.1 for comparison.
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Fig.1  Coupling loss distribution for the four cases
From Fig.1, we can see that:
· With Case 1 or Case 2, 164 dB MCL can be reached, the coupling loss distribution is even worse than that of NB-IoT.

· With Case 3, 164 dB MCL can not be reached, the 99th percentile of the coupling loss is around 150 dB, and the biggest ~20% of the coupling loss is smaller than that of NB-IoT.

· With Case 4, MCL is a little smaller than 164 dB, the 99th percentile of the coupling loss is around 154 dB.

· Due to one TXRU mapping to 10 antenna elements for Case 3, the coupling loss distribution of which is ~10 dB smaller than that of Case 1. Similarly between Case 4 and Case 2.
· With 3D channel model, due to multi-floor UE antenna height used for Case 3, the coupling loss distribution of which is smaller than that of Case 4. Similarly between Case 1 and Case 2.

Therefore, with Case 3 or Case 4, 164 dB MCL can not be reached, if they are used for simulation, some evaluation assumptions need to be modified.
164 dB MCL can be reached with Case 1 or Case 2, the coupling loss distribution of which is even worse than that of NB-IoT, however, if ~10% of devices with coupling loss more than 144 dB or maximum transmit power is considered for mMTC like NB-IoT, some modifications on evaluation assumptions also need to be considered.

Observation 1: With the agreed SLS parameters for UL mMTC, 164 dB MCL can not be reached for the following configurations, if they are used for simulation, some evaluation assumptions need to be modified:
· BS antenna configuration: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU, one TXRU maps to 10 antenna elements.
· UE antenna height: Follow TR36.873, i.e. multi-floor; or fixed 1.5m.
Observation 2: With the agreed SLS parameters for UL mMTC, 164 dB MCL can be reached for the following configurations, however, if ~10% of devices with coupling loss more than 144 dB or maximum transmit power is considered for mMTC like NB-IoT, some modifications on evaluation assumptions need to be considered:
· BS antenna configuration: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), 2 TXRU, one TXRU maps to one antenna element.
· UE antenna height: Follow TR36.873, i.e. multi-floor; or fixed 1.5m.
As for BS antenna configuration, considering the antenna gain used in the current network deployment and NB-IoT capacity evaluation, ~18 dBi antenna gain may be more reasonable, so BS antenna configuration of e.g. (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1) with 2 TXRU and one TXRU mapping to 10 antenna elements could be considered for further system level simulation for mMTC.
And for UE antenna height, we think the multi-floor model described in TR36.873 is more reasonable. In addition, from TR45.820 [4], we can see that uniform floor height distribution and floor height gain are also considered in the building penetration loss model for NB-IoT system level simulation.
Based on the considerations on BS antenna configuration and UE antenna height, and the above observations, in order to meet the 164 dB MCL, we would do some investigations on potential modifications on some evaluation assumptions, e.g. penetration loss model. In [5] and [6], modifications on penetration loss model were already considered.

In Fig.2, the dash green line shows a coupling loss distribution results for Case 3 described above with a modified penetration loss model: for 25% indoor UE, 10dB additional penetration loss is introduced.
From this figure, we can see that the coupling loss distribution for Case 3 with the modified penetration loss model is more consistent with that of NB-IoT.
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Fig.2 Coupling loss distribution for Case 3 with a modified penetration loss model

Proposal 1: For BS antenna configuration of (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1) with 2 TXRU and one TXRU mapping to 10 antenna elements, and UE antenna height of multi-floor, the following modification can be considered for penetration loss model:
· For 25% indoor UE, 10dB additional penetration loss is introduced.
Proposal 2: The assumptions for BS antenna configuration and UE antenna height, and the modification for penetration loss model described in Proposal 1 can be considered for further system level simulation for mMTC.
2.2. Grant-free transmission simulation
Grant-free based transmission has been discussed a lot in NR multiple access for mMTC, some agreements have been achieved so far, including: 
Agreement:[7]
· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied

Agreement:[8]
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC

Agreement:[8]
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded
In RAN1#86bis meeting, preliminary system level simulation results for NR multiple access schemes targeting for mMTC were submitted, grant-free based transmission was considered and evaluated in some extent.
For further system level simulation for mMTC with grant-free based transmission, we think that some issues are worthy of discussion and clarification, e.g. user identification, realistic channel estimation, HARQ combining, etc. Here we present some considerations on these issues.
· User identification
Blind user identification need to be implemented for grant-free based transmission, so it should be reflected in system level simulation, especially when multiple access signatures are randomly selected by users.
· Realistic channel estimation

For simulation results with realistic channel estimation, reference signal design should be reported. It should be clarified that the reference signal is pre-configured or randomly selected.

Only evaluating the realistic channel estimation by link level simulation, and modelling the performance impact for system level simulation may be not enough. For system level simulation, inter-cell interference is introduced, which can not be reflected by link level simulation. Thus, it may be better to evaluate the channel estimation error by link level simulation, and then model the error for system level simulation. The impact of realistic channel estimation could be reflected when the error model is used for detection. For the schemes with interference cancellation process, channel estimation error may also need to be considered for interference cancellation.
· HARQ combining

For grant-free based transmission, if a receiver does not successfully discover and detect a user’s first transmission, and does not know a subsequent transmission is a retransmission, the receiver can not implement HARQ combining effectively. If a pre-configured preamble or reference signal without collision is configured for a user, HARQ combining could be feasible. So for simulation results with HARQ combining, the HARQ combining design should be reported.
Observation 3: Some criterion may need to be defined for blind user identification, then it could be abstracted for system level simulation, and the abstracted model for blind user identification should be verified by link level simulation.
Observation 4: It may be better to evaluate the channel estimation error by link level simulation, and then model the error for system level simulation. For the schemes with interference cancellation process, channel estimation error may also need to be considered for interference cancellation.
Proposal 3: For simulation results with realistic channel estimation, reference signal design should be reported. It should be clarified that the reference signal is pre-configured or randomly selected.
Proposal 4: For simulation results with HARQ combining, the HARQ combining design should be reported.

3. Conclusions

In this contribution, the remaining issues on system level simulation assumptions for multiple access for mMTC are further discussed, and some considerations on grant-free transmission simulation are also presented.

Based on this contribution, we make the following observations and proposals:
Observation 1: With the agreed SLS parameters for UL mMTC, 164 dB MCL can not be reached for the following configurations, if they are used for simulation, some evaluation assumptions need to be modified:

· BS antenna configuration: (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1), 2 TXRU, one TXRU maps to 10 antenna elements.
· UE antenna height: Follow TR36.873, i.e. multi-floor; or fixed 1.5m.
Observation 2: With the agreed SLS parameters for UL mMTC, 164 dB MCL can be reached for the following configurations, however, if ~10% of devices with coupling loss more than 144 dB or maximum transmit power is considered for mMTC like NB-IoT, some modifications on evaluation assumptions need to be considered:
· BS antenna configuration: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), 2 TXRU, one TXRU maps to one antenna element.
· UE antenna height: Follow TR36.873, i.e. multi-floor; or fixed 1.5m.
Observation 3: Some criterion may need to be defined for blind user identification, then it could be abstracted for system level simulation, and the abstracted model for blind user identification should be verified by link level simulation.
Observation 4: It may be better to evaluate the channel estimation error by link level simulation, and then model the error for system level simulation. For the schemes with interference cancellation process, channel estimation error may also need to be considered for interference cancellation.
Proposal 1: For BS antenna configuration of (M, N, P, Mg, Ng) = (10, 1, 2, 1, 1) with 2 TXRU and one TXRU mapping to 10 antenna elements, and UE antenna height of multi-floor, the following modification can be considered for penetration loss model:

· For 25% indoor UE, 10dB additional penetration loss is introduced.

Proposal 2: The assumptions for BS antenna configuration and UE antenna height, and the modification for penetration loss model described in Proposal 1 can be considered for further system level simulation for mMTC.

Proposal 3: For simulation results with realistic channel estimation, reference signal design should be reported. It should be clarified that the reference signal is pre-configured or randomly selected.
Proposal 4: For simulation results with HARQ combining, the HARQ combining design should be reported.
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5. Appendix
Table A1 shows the system level simulation parameters used in the pathloss evaluation, which are consistent with the agreed SLS parameters for UL mMTC scenario in urban coverage for massive connection [9].
Table A1 System level simulation parameters

	Attributes
	Values or assumptions

	Layout
	Single layer - Macro layer: Hex. Grid

	Inter-BS distance
	1732m

	Carrier frequency
	700MHz

	Number of UEs per cell
	100

	Channel model
	3D UMa

	BS antenna configuration
	Rx: 2 ports

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5 dB

	UE antenna elements
	1Tx

	UE antenna gain
	-4dBi

	UE distribution
	20% of users are outdoors (3km/h)

	
	80% of users are indoor (3km/h)

	
	Users dropped uniformly in entire cell


