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1 Introduction

5G Broadcast evolution in RAN is discussed at RAN #78 and RAN #80, summarizing the technical attributes of terrestrial broadcast and mixed mode multicast, leading to a recommendation to proceed with a study on terrestrial broadcast in Rel-16, while leaving the standardization of mixed mode multicast/broadcast to further releases [1]. No broadcast/multicast feature support is specified in the first two NR releases, i.e. Rel-15 and Rel-16. Nevertheless, according to Rel-17 WID on the support of NR Multicast and Broadcast Services [1], there are important use cases for which broadcast/multicast could provide substantial improvements, especially in regards to system efficiency and user experience. 
According to Rel-17 SI on Architectural enhancements for 5G multicast-broadcast services, use cases of broadcast/multicast services include (but are not limited to) public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications [2]. In particular, it is stated in [1] that possible design goals for the public safety and mission critical use case specified in [3], and requirements identified in [4] should be taken into account. 
Moreover, WID states that no standardized support will be provided in this WI specifically for Single Frequency Network (SFN) and there are no issues expected to provide broadcast/multicast transmissions in FR2. Thus, Single-cell Point-to-Multipoint (SC-PTM) transmission in FR1 is the point of focus.

The Rel-17 WID includes two RAN1 lead objectives to: 
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2].
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided. [RAN1, RAN2]
In this document, we propose a set of evaluation methodology, simulation assumptions, and corresponding evaluation scenarios to assess the system performance of NR SC-PTM. 
In section 2, we discuss what objectives we consider require common simulation assumptions to facilitate meaningful comparison between different ideas.
In section 3, we propose a simulation methodology and key use cases/scenarios that we consider should be prioritized, in addition to the performance metrics to assess the system performance.
In section 4, we present our initial view on simulation assumptions. 
In section 5, we conclude the document by presenting the summary of the main ideas. 
2 Need for Simulation Evaluation
We believe that both of the RAN1 lead objectives of the WI listed in Sec. 1 require simulation evaluations. 

Firstly, the WID specifically requires to "specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback". In the past, RAN1 has performed several similar studies, such as Study on LTE-based 5G terrestrial broadcast for Rel-16 [5], and Study on single-cell point-to-multipoint transmission for E-UTRA at Rel-13 [6]. 
Service-related requirements of broadcast/multicast are listed in [7]. In [5], two of those requirements in [7] related with broadcast/multicast capacity, reliability and mobility are identified as the requirements that need simulation work. Both link- and system-level simulations are performed to find 95%-ile SNR levels and spectral efficiency. In [6], spectral efficiency is tested under several evaluation scenarios with different UL feedback mechanisms for unicast, SC-PTM and MBSFN transmissions, using system-level simulations. Moreover, according to our previous knowledge and our previous simulation results on SC-PTM, as clearly can also be seen from [6], there are significant gains obtained when UL feedback, such as ACK/NACK or CSI feedback, is used at PTM transmissions, both in terms of reliability and capacity. We strongly believe that those kind of feedback mechanisms should be one of the main points of focus in this study. 
Proposal 1: The performance of the multicast transmission with different UL feedback schemes should be prioritized.
Due to above mentioned reasons, we propose to have a similar simulation evaluation campaign to fairly compare alternative schemes and specify required changes to improve reliability of multicast services, as required in the WID.    
Proposal 2: A simulation evaluation campaign similar to those in [5] and [6] should be conducted to assess the value of candidate solutions and to specify required changes to improve reliability of multicast services.    
3 Simulation Methodology, use cases and metrics
3.1 Simulation Framework
The necessity of simulation evaluation is explained in Sec. 2. In our opinion, although link-level (LL) simulations may be adapted to assess some KPIs, some others, such as UL feedback mechanisms mentioned by the WID, can only be assessed using system-level simulations (SLS). Therefore, we propose to stick to SLS, and use standard LL results that are also used in IMT-2020 evaluation by the companies. This proposal is in alignment with the previous RAN1 work at [6].   

Proposal 3: System-level simulations should be used in the assessment of system performance of multicast services.
Considering the limitation in the time-budget of the WI, and taking into account that multicast services are considered in a mixed mode of operation, where the environment will be composed of UEs with PTP and PTM transmissions, we propose to reuse the well-defined scenarios in [9] for FR1, that are also used in IMT-2020 evaluation [8], i.e. Rural and Dense-Urban environments [8]. We believe that the target use cases mentioned in the WID can be covered by those scenarios.
Proposal 4: The Rural and Dense-Urban scenarios for FR1 defined in [9] should be used  as the evaluation scenarios.  

3.2 Target Use Cases
One objective of the study item of SA2 on enabling general multicast/broadcast services over 5GS identifies the use cases that could benefit from this feature as public safety and mission critical, V2X applications, transparent IPv4/IPv6 multicast delivery, IPTV, software delivery over wireless, group communications and IoT applications [2]. WID aims to provide the support in RAN for this objective [1].  
In particular, the importance of public safety and mission critical use case is mentioned in [1]. Therefore, we believe that this case should be prioritized in the evaluations. 

Proposal 5: The public safety and mission critical issue cases should be prioritized.
3.3 Performance Metrics
In order to assess the system performance of multicast services over the evaluation scenarios, we propose to use reliability and radio resource efficiency as the performance metrics. 
Proposal 6: Reliability and radio resource efficiency should be the performance metrics of evaluation.

3.3.1 Reliability

According to [7], reliability is evaluated by the success probability of transmitting X bytes within a certain delay, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface, at a certain channel quality. 
We propose to use RLC SDU packet loss rate (PLR), as the reliability metric. That way, the performance of both PHY and MAC layer enhancements such as HARQ retransmissions, as well as possible future enhancements to be made in the RLC layer can be assessed. 
In addition, the delay-budget of the service should also be considered, as stated above, in the calculation of the RLC SDU PLR. In general, latency itself is treated as a computation-based metric, for example in [5] and [6], rather than a property requiring simulation work. However, in the reliability calculations, the delay-budget of the multicast service should be considered.
As the reliability target of the public safety and mission critical use case, which is the target use case we proposed to be prioritized, we  offer to use a similar methodology to the one in [6], where the target is to provide service to at least 95% of the UEs with at most 1% RLC SDU PLR, within an end-to-end media transport delay of 300ms, i.e. to provide 95% UE satisfaction. This requirement is similar to the mission critical push to talk (MCPTT) requirement of KPI 3 for Rel-17 [10], which was also the same for LTE [6].
Proposal 7: In the case of public safety and mission critical use case, multicast service should serve at least 95% of the UEs with a maximum RLC SDU PLR of 1%, where end-to-end transport delay budget is 300ms.

For the use cases other than public safety and mission critical, we are open to discuss further requirements.
3.3.2 Radio Resource Efficiency
While bringing more reliability to the system, the enhancements to multicast services should not significantly be decreasing the radio resource efficiency. The ideal solution would be to choose the method that is satisfying the reliability criterion of the application/service, while keeping the spectral efficiency in the highest possible level.
Herein, the definition of the spectral efficiency in the context of PTM transmission should be clarified, in order not to cause any differences between the understandings of the companies in particular, when it comes to comparisons between SC-PTM and PTP delivery modes for an MBS service or even mixtures thereof.
We propose that the radio resource efficiency should be measured in bit/s/Hz and should be computed as the data rate of the MBS service at the radio protocol layer 2/3 SDU ingress point divided by the total amount of downlink radio resources allocated by the cell to transmit this service irrespective of the transmission mode (PTP, SC-PTM or mixture of the above and including HARQ retransmissions, if any) used by the cell. This way, a fair and meaningful comparison between different delivery modes can be ensured.
Proposal 8: Radio resource efficiency of the MBS delivery should be measured as the ratio of the data rate of the MBS service at the layer 2/3 ingress point and the total amount of radio resources consumed by a cell to deliver the service irrespective of the transmission mode selected by the cell.
4 Simulation assumptions
In this section, we provide system-level simulation assumptions that we propose to be used in the evaluations, both for Rural and Dense-Urban evaluation scenarios. In general, we support the idea that the guidelines that are used for IMT-2020 evaluation [7][8] are used in the evaluations.
4.1 Summary of simulation assumptions

Table 1 Main simulation parameters
	Test environment
	Rural Configuration A
	Dense-Urban Configuration A

	Carrier frequency
	700 MHz
	4 GHz

	Duplexing
	FDD
	FDD

	Simulation BW
	10 MHz
	10 MHz

	Subcarrier spacing
	15 kHz
	15 kHz

	ISD
	1732 m
	200 m

	Number of symbols per slot
	14
	14

	Cellular layout
	Hexagonal grid, 19 cell sites 
	Hexagonal grid, 19 cell sites

	Number of TRxPs per site 
	3
	3

	Number of antenna elements per TRxP
	32 cross-polarized antenna elements (M,N,P,Mg,Ng;Mp,Np) = (8,4,2,1,1;1,4)
	64 cross-polarized antenna elements (M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;2,8)

	Number of TxRUs per TRxP
	Up to 4 per polarization
	Up to 16 per polarization

	Number of antenna elements and TxRUs per UE
	1 cross-polarized antenna and 1 TxRU per polarization
	2 cross-polarized antennas and 2 TxRUs per polarization

	Transmit power per TRxP
	46 dBm
	41 dBm

	BS mechanical / electrical tilt
	90o in GCS / 100o in LCS
	90o in GCS / 105o in LCS

	BS/UE antenna height
	35 m 
	25 m

	UE antenna height
	1.5 m
	Outdoor UEs: 1.5 m 

Indoor UEs: 3 (nfl – 1) + 1.5; nfl ~ uniform(1,Nfl) where Nfl ~ uniform(4,8)

	BS / UE antenna gain
	8 dBi / 0 dBi
	8 dBi / 0 dBi

	BS / UE noise figure
	5 dB / 7 dB
	5 dB / 7 dB

	Percentage of high loss and low loss building type
	100% low loss
	20% high loss, 80% low loss 

	Wrapping around model
	Geographical distance based 
	Geographical distance based

	Device deployment
	50% indoor, 50% outdoor (in-car)
	80% indoor, 20% outdoor (in-car)

	Mobility model
	Fixed speed of all UEs, randomly and uniformly distributed direction
	Fixed speed of all UEs, randomly and uniformly distributed direction

	UE speeds of interest
	Indoor UEs: 3 km/h

Outdoor UEs (in-car): 120 km/h
	Indoor UEs: 3 km/h

Outdoor UEs (in-car): 30 km/h

	Pathloss model
	Pathloss Model RMa_B as detailed in 3GPP TR 38.901 V16.1.0
	Pathloss Model UMa_B as detailed in 3GPP TR 38.901 V16.1.0

	Fast fading
	RMa with Statistical LoS / NLoS model as detailed in 3GPP TR 38.901 V16.1.0
	UMa with Statistical LoS / NLoS model as detailed in 3GPP TR 38.901 V16.1.0

	UT attachment 
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0
	Based on RSRP (Eq. (8.1-1) in TR 36.873) from port 0

	Guard band ratio
	6.4 % 
	6.4 %

	BS receiver type
	LMMSE-IRC
	LMMSE-IRC

	Channel estimation
	Non-ideal
	Non-ideal

	Waveform
	OFDM
	OFDM

	Data traffic model
	DL constant bit rate (CBR) traffic for MBS, full buffer for PTP background traffic
	DL constant bit rate (CBR) traffic for MBS, full buffer for PTP background traffic


Proposal 9: We propose that the simulation assumptions indicated at Table 1 are adopted for system-level simulation evaluations.

4.2  Simulation Assumption on Link Adaptation
We expect that the enhancements on reliability will mainly be focused on link adaptation mechanisms based on UL feedback. In order not to have significant differences among different companies’ results, we propose to first evaluate the system without any link adaptation mechanism, i.e. with a fixed MCS value and without HARQ retransmissions, as in the case of the evaluation of the system without UL feedback in [6].
Further simulation parameters for the baseline simulation for both the Rural and the Dense-Urban scenarios are listed in Table 2.
Table 2 Further simulation assumptions for baseline simulation for Rural and Dense-Urban scenarios
	Parameter
	Value

	Transmission mode
	Pure SC-PTM

	MIMO precoding
	Single TxRU

(M,N,P,Mg,Ng;Mp,Np) = (8,1,1,1,1;1,1)

	MCS
	MCS index 4 of MCS table 2 for PDSCH at TS 38.214, i.e. (Qm, Rm) = (2, 0.5879).

	MBS traffic model
	CBR with data rate 2 Mbps and packet size 1000 bytes.


After obtaining the baseline system performance, the gains obtained from different enhancements, such as UL feedback mechanisms, can be compared more objectively, with minimum dependency on companies’ simulator implementations.
Proposal 10: Baseline system performance should be obtained with a simple configuration as common reference for elaborate technical proposals.  


4.3 Simulation Assumption on Data Traffic Model
We point out that constant bit rate (CBR) traffic should be used as model for the MBS traffic, instead of full buffer traffic, especially comparing pure SC-PTM transmission mode with PTP delivery of the MBS service or mixed PTP/PTM delivery, and with that in particular when determining the number of UEs in a group, where PTM transmission to the group surpasses PTP transmission dedicated for each UE in efficiency. Especially for the UEs that are served by PTP transmission mode, using full buffer traffic instead of CBR traffic would result in misleading results in favor of PTP service delivery. 
Proposal 11: CBR traffic instead of full buffer traffic should be used as MBS traffic model in the simulations.
5 Conclusions

In this contribution, we have discussed various aspects of simulations for this WI. From those discussions we have the following proposals:
Proposal 1: The performance of the multicast transmission with different UL feedback schemes should be prioritized.
Proposal 2: A simulation evaluation campaign similar to those in [5] and [6] should be conducted to assess the value of candidate solutions and to specify required changes to improve reliability of multicast services.    
Proposal 3: System-level simulations should be used in the assessment of system performance of multicast services.
Proposal 4: The Rural and Dense-Urban scenarios for FR1 defined in [9]
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 should be used  as the evaluation scenarios.

Proposal 5: The public safety and mission critical issue cases should be prioritized.

Proposal 6: Reliability and radio resource efficiency should be the performance metrics of evaluation.

Proposal 7: In the case of public safety and mission critical use case, multicast service should serve at least 95% of the UEs with a maximum RLC SDU PLR of 1%, where end-to-end transport delay budget is 300ms.

Proposal 8: Radio resource efficiency of the MBS delivery should be measured as the ratio of the data rate of the MBS service at the layer 2/3 ingress point and the total amount of radio resources consumed by a cell to deliver the service irrespective of the transmission mode selected by the cell.
Proposal 9: We propose that the simulation assumptions indicated at Table 1 are adopted for system-level simulation evaluations.

Proposal 10: Baseline system performance should be obtained with a simple configuration as common reference for elaborate technical proposals.
Proposal 11: CBR traffic instead of full buffer traffic should be used as MBS traffic model in the simulations.
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