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Discussion and Decision
1
Introduction
3GPP RAN has been working on requirements to establishing a pass/fail criteria for 5G New Radio [1]. However, these may not be sufficient when attempting to compare different radio multiple access solution proposals. 

In this contribution we are specifically targeting the system level (SL) evaluation of the various NR radio access scheme proposals (contention based or scheduled) in the context of both massive MTC use case (with small packets and infrequent transmissions) and eMBB use case (with larger packets and bursty traffic transmissions). These SL evaluation considerations could be used both in establishing that a particular proposal is capable of meeting the set 5G New Radio requirements, as well as in a more refined comparisons to be conducted in RAN1 when assessing merits of different radio access solution proposals.
The rationales leading to the various proposals are outlined in Section 2 for eMTC and eMBB use cases, while the list of proposals are summarized in Section 3.
2
System level evaluation
2.1
Scenario and transmission parameters
Agreements from RAN WG1 #85:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of  time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
The SL assumptions for mMTC evaluations should follow the starting point and agreements in Section 6.1.8 [1]: “Urban coverage for massive connection”, for massive connection scenario. For mMTC radio multiple access evaluation in RAN 1 it is important to refine this scenario description to include more details on the device deployment, and associated propagation models, mobility/ service profiles, channel estimation, uplink synchronisation and upower control.  Our proposed updates are listed in Table 1.
 Table 1: System level evaluation assumptions for multiple access schemes targeting mMTC use case.
	Attributes
	Value/description/comments

	Layout
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	1732 m

	Carrier frequency 
	700 MHz

	Aggregated bandwidth
	Up to 2 MHz

	Simulation bandwidth
	Companies report simulation bandwidth used

	Channel model
	3D UMa 
Take 5GCM output into account if applicable.
Indoor devices: add outdoor -to- deep-indoor penetration losses @ 700MHz

Outdoor pedestrian devices: add body absorbtion losses

Outdoor in-car devices: add car-penetration losses

	Transmit power
	BS: 49dBm / 20MHz

UE: Max 23dBm
Consider also mMTC devices with reduced transmit power capabilities (without external PA), e.g. max. 10dBm

	MA resource allocation
	According to the MA scheme proposal and aligned with LLS evaluations.

	BS scheduler
	Use for non-MTC traffic only; both subband and wideband scheduler can be considered

	BS antenna configuration
	Tx/Rx: 2/4 ports (8 as optional)

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height
	32 m

	BS antenna tilt
	Companies report tilt used.

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

	BS receiver noise figure
	5 dB

	UE antenna configuration
	1Tx, 2Rx

1 Rx is not precluded

	UE antenna pattern
	Half spherically uniform distribution with upper direction

	UE antenna height
	1.5 m (outdoor and indoor)

	UE antenna element gain
	-4 dBi

	UE receiver noise figure
	9 dB

	Traffic model
	Non-full buffer small packet. Consider future trend of mMTC traffic

Refer to 3GPP TR45.820; Lower inter-packet arrival time (IPA) compared to TR45.820 needs to be considered

Options: 1/5, 1/10, 1/20 of IPA in TR45.820 [2]

	
	

	UE distribution
	20% of devices are outdoor pedestrians (<3km/h), OR
20% of users are outdoor in cars (50km/h), AND
80% of users are indoor (3km/h)

Users dropped uniformly in entire cell

	UE receiver
	MMSE-IRC as baseline, advanced receiver is not precluded

	BS receiver
	Advanced receiver could be considered. Companies report receiver type utilized with reference to LLS

	Channel estimation
	Realsitic

	Uplink synchronisation
	Case 1: Timing offsets between UEs are within a cyclic prefix

Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

	Uplink power control
	Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
Case 2: Realistic open-loop power control with certain alpha and P0 values

	Downlink power boosting
	Baseline: no power boosting on radio resources used for mMTC access and transmissions.


Proposal 1: Update the 3GPP “urban coverage for massive connection” scenario description to include mMTC specific details on the device deployment, associated propagation conditions, channel estimation, uplink synchronisation and power control scheme.
The SL assumptions for eMBB evaluations should follow the starting point and agreements in Section 6.1.2 [1] “Dense urban”, for high traffic loads, outdoor and outdoor-to-indoor coverage, and Section 6.1.3 [1] “Rural” for continuous wide area coverage supporting high speed vehicles.
For eMBB radio multiple access evaluation in RAN 1 it is important to refine these scenario descriptions to include more details on the uplink synchronisation and power control schemes. Our proposed updates are listed in Table 2.
Table 2: System level evaluation assumptions for multiple access schemes targeting eMBB use cases with carrier frequencies below 6 GHz.
	Attributes
	Scenario: Dense urban
	Scenario: Rural

	Layout
	Signal layer
Two layers not precluded
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m
	1732m

	Carrier frequency 
	4 GHz for the single layer
	700MHz

	Aggregated bandwidth
	Up to 200 MHz (DL+UL)
Up to 100 MHz (SL)
	

	Simulation bandwidth
	20 or 40 MHz (DL+UL)
10 or 20 MHz (SL)
	

	Channel model
	3D UMa 
Take 5GCM output into account if applicable.

	Transmit power
	BS: 49dBm / 20MHz

UE: Max 23dBm

	MA resource allocation
	According to the MA scheme proposal and aligned with LLS evaluations.

	BS scheduler
	Both subband and wideband scheduler can be considered

	BS antenna configuration
	4, 8, 16, 32 TX RUs
	2, 4, 8 ports
	

	BS antenna pattern
	Follow the modeling of TR36.873

	BS antenna height
	Macro BS: 25m 
BS-type-RSU: 5m
	35m

	BS antenna tilt
	

	BS antenna element gain + connector loss
	Macro BS: 8 dBi
BS-type-RSU: 8dBi
	8dBi

	BS receiver noise figure
	Macro BS: 5dB
BS-type-RSU: 5dB
	5dB

	UE antenna configuration
	2, 1 TXUs
2, 4 RXUs
	2Tx, 1Tx port
2Rx, 4Rx ports

	UE antenna pattern
	Vehicle/pedestrian UE: Half spherically uniform distribution with upper direction
UE-type-RSU: Half spherically uniform distribution with bottom direction
	Half spherically uniform distribution with upper direction

	UE antenna height
	Vehicle/pedestrian UE: 1.5m
UE-type-RSU: 5 m
	Vehicle/pedestrian UE: 1.5m

	UE antenna element gain
	Vehicle UE: 3dBi
Pedestrian UE: 0dBi 
UE-type RSU: 3dBi
	Vehicle UE: 3dBi
Pedestrian UE: 0dBi

	UE receiver noise figure
	Vehicle UE: 9dB
UE-type RSU: 9dB
	9dB

	Traffic model
	Non-full buffer.
[50 messages] per 1 second with [>=50km/h] 

[10 messages] per 1 second with [<=3km/h]
Companies to report message size [Bytes].

1 message = X Bytes

	Traffic load (Resource utilization)
	50%, 80%
25% (optional)

	UE distribution
	20% of devices are outdoor pedestrians (<3km/h), OR

20% of users are outdoor in cars (50km/h), AND

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

Users dropped uniformly in entire cell
	20% of users are outdoor in cars (80km/h), AND

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

Users dropped uniformly in entire cell

	UE receiver
	MMSE-IRC as baseline, advanced receiver is not precluded

	BS receiver
	Advanced receiver could be considered. Companies report receiver type utilized with reference to LLS

	Channel estimation
	Realsitic

	Uplink synchronisation
	Case 1: Timing offsets between UEs are within a cyclic prefix

Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

	Uplink power control
	Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration

Case 2: Realistic open-loop power control with certain alpha and P0 values

Case 3: Close-loop power control


Proposal 2: Update the 3GPP “Dense urban” and “Rural” scenario descriptions to include the synchronisation and uplink power control scheme assumptions.
2.2 
Reference access scheme
For the evaluation of NR radio access schemes it is important to select a good reference. We propose to use as reference the 3GPP LTE Release 13 scheduled access. The level of details for the simulations has to be aligned with the level of details available for the NR radio access schemes, see also proposals in Section 2.3.
Proposal 3: Use as reference the 3GPP LTE Release 13 RACH-based scheduled access, when evaluating the performance of NR radio access schemes for mMTC in TSG-RAN WG1.
2.3 
NR access schemes
Agreements from RAN WG1 #85:
· NR supports at least synchronous/scheduling-based orthogonal multiple access for DL/UL transmission schemes, at least targeting for eMBB
· Note: Synchronous means that timing offset between UEs is within cyclic prefix by e.g. timing alignment
The NR access schemes should be evaluated at SL with a minimum level level of details and assumptions specific for the targeted use cases [1]. 
It is important that in this SI phase the evaluation results are made independent of the decision to be taken in other RAN WGs, e.g. WG2 or WG3. As baseline we propose that RRC signalling and RRC states should not be modelled or simulated, i.e. assume that UEs are “RRC connected”, with required radio access resources configured and known at both UE and TRP side. This does not preclude the use of new contention-based radio access and protocols because they anyway need a certain pre-configured set of radio resources such as e.g. resource pools, spreading sequences, frequency hopping patterns, preambles.
Proposal 4: Assume that UEs are in an “RRC state” where required radio accces resources are configured and known at the UE and TRP side.
For mMTC use case it is important to consider in the evaluation the impact of L1/L2 signalling overheads and the radio transmission factors which directly influence the performance on the radio access scheme under study, such as access failures, lost/dropped calls due to radio fading, excess transmission delays, etc.
Proposal 5: Include in the SLS theexplicit or implicit modelling of L1/L2 signalling overheads.
For this to be achievable the results provided by LLS would need to explicitly include missed detection and false alarm probabilities vs. S(I)NR as input to the SLS. Further, the LLS should also quantify the performance losses due to imperfect synchronization.
Proposal 6: The LLS results to be used in SLS shall provide a characterisation of the missed detection and false alarm probabilities vs. S(I)NR and quantify performance losses due to imperfect synchronization.

As a baseline radio recovery mechanism, the SLS shall also include an acknoldegment scheme and correspinding radio re-transmission scheme. Each of the NR radio access schemes to be evaluated would naturally have an associated re-transmission scheme best suited for the specific resource configuration used.
Proposal 7: The SLS of any NR radio access scheme shall include as baseline a radio re-transmission scheme.
2.4
Updated evaluation KPIs for mMTC
Agreements from RAN WG1 #85: 

· Evaluation methods and relevant evaluation metrics per KPIs for mMTC in RAN1 are as follows:

· Coverage is evaluated by link budget 

· Connection density is evaluated by SLS and analysis

· UE battery life is evaluated by analysis

· Statistics of wake-up time duration of UE in consideration of the number of (re)transmissions 
· Battery life is evaluated in consideration of RAN2 procedure

The RAN TR [1] sets a good basis for the mMTC evaluation, and the releveant KPIs can be used in the RAN 1 work. Additional KPIs and evaluation methodologies may be needed when comparing differend mMTC radio access schemes together. We propose to refine the initial aggrements on the mMTC evaluation method and metrics, and to include the considerations listed in Table 2.
Table 3: System level evaluation KPIs for multiple access schemes targeting mMTC use case
	KPIs
	Value/description/comments

	Coverage
	Evaluated by link budget

	Connection density
	Evaluated by system level simulations and analyzis of other peformance KPIs targets (see below)

	UE battery life time
	Consider RAN4 procedure.

Statistics of wake-up time duration of UE in consideration of the number of (re)transmissions and control information recepetion/ transmission, e.g. [3].

	
	

	UL radio access failure rate
	Number or probability of UL radio access failures (L1/L2) [per UE per second]
Number or probability of missed detections and false alarms [per UE per second]

	Radio access session latency
	L3 PDU packet transmission-reception time including UL radio access and potential DL feedback until L3 PDU is correctly received.
Use of an explicit discard time is not precluded.


Proposal 8: Update the initial aggrements on the mMTC evaluation methodology, by including the transmission failure rate and radio session latency as KPIs.
2.5
Updated evaluation KPIs for eMBB
The RAN TR [1] sets a good basis for the eMBB evaluation, and the releveant KPIs can be used in the RAN 1 work. Additional KPIs and evaluation methodologies may be needed when comparing differend eMBB radio access schemes together. We propose to refine the initial aggrements on the mMTC evaluation method and metrics, and to include the considerations listed in Table 4.
Table 4: System level evaluation KPIs for multiple access schemes targeting eMBB use case
	KPIs
	Value/description/comments

	UL radio access failure rate
	Number or probability of UL radio access failures (L1/L2) [per UE per second]
Number or probability of missed detections and false alarms [per UE per second]

	Radio access session latency
	L3 PDU packet transmission-reception time including UL radio access and potential DL feedback until L3 PDU is correctly received.
Use of an explicit discard time is not precluded.


Proposal 9: Update the initial aggrements on the eMBB evaluation methodology, by including the transmission failure rate and radio session latency as KPIs.
3
Conclusions
The summary of our proposals: 

Proposal 1: Update the 3GPP “urban coverage for massive connection” scenario description to include mMTC specific details on the device deployment, associated propagation conditions, channel estimation, uplink synchronisation and power control scheme.
Proposal 2: Update the 3GPP “Dense urban” and “Rural” scenario descriptions to include the synchronisation and uplink power control scheme assumptions.
Proposal 3: Use as reference the 3GPP LTE Release 13 RACH-based scheduled access, when evaluating the performance of NR radio access schemes for mMTC in TSG-RAN WG1.
Proposal 4: Assume that UEs are in an “RRC state” where required radio accces resources are configured and known at the UE and TRP side.
Proposal 5: Include in the SLS theexplicit or implicit modelling of L1/L2 signalling overheads.
Proposal 6: The LLS results to be used in SLS shall provide a characterisation of the missed detection and false alarm probabilities vs. S(I)NR and quantify performance losses due to imperfect synchronization.
Proposal 7: The SLS of any NR radio access scheme shall include as baseline a radio re-transmission scheme.

Proposal 8: Update the initial aggrements on the mMTC evaluation methodology, by including the transmission failure rate and radio session latency as KPIs.
Proposal 9: Update the initial aggrements on the eMBB evaluation methodology, by including the transmission failure rate and radio session latency as KPIs.
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