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1
Introduction

This document discusses the methodology for evaluation of the requirements for the support of 5G terrestrial broadcast in LTE, outlined in [1] as follows:
Req.1
The new RAT shall support existing Multicast/Broadcast services (e.g. download, streaming, group communication, TV, etc.) and new services (e.g. V2X, etc).
Req.2
The new RAT shall support dynamic adjustment of the Multicast/Broadcast area based on e.g. the user distribution or service requirements.
Req.3
The new RAT shall support concurrent delivery of both unicast and Multicast/Broadcast services to the users. 

Req.4
The new RAT shall support efficient multiplexing with unicast transmissions in at least frequency domain and time domain.
Req.5
The new RAT shall support static and dynamic resource allocation between Multicast/Broadcast and unicast; the new RAT shall in particular allow support of up to 100% of DL resources for Multicast/Broadcast (100% meaning a dedicated MBMS carrier).
Req.6
The new RAT shall support Multicast/Broadcast network sharing between multiple participating MNOs, including the case of a dedicated MBMS network.
Req.7
The new RAT shall make it possible to cover large geographical areas up to the size of an entire country in SFN mode with network synchronization and shall allow cell radii of up to 100 km if required to facilitate that objective. It shall also support local, regional and national broadcast areas.
Req.8
The new RAT shall support Multicast/Broadcast services for fixed, portable and mobile UEs. Mobility up to 250 km/h shall be supported.
Req.9
The new RAT shall leverage usage of RAN equipment (hard- and software) including e.g. multi-antenna capabilities (e.g. MIMO) to improve Multicast/Broadcast capacity and reliability.
Req.10
The new RAT shall support Multicast/Broadcast services for mMTC devices.
In Section 2, propose a general approach for analysing individual requirements as well as the evaluation methodology for the requirements not needing simulations. The evaluation methodology and simulation assumptions/scenarios for the requirements needing simulations is discussed in R1-1810934 [2]. In Section 3, we present initial evaluation of the requirements not needing simulations. In section 4, we conclude by presenting the evaluation summary.
2
Methodology for the evaluation of the requirements
2.1
General
A key use case for broadcast networks that emerged in Release 14 is TV broadcast. As a result, substantial enhancements to MBMS were made in Release 14 to accommodate the TV broadcast deployment models and service requirements. One key Release 14 enhancement aiming at the TV broadcast service is the dedicated MBMS carrier mode, in which an entire frequency carrier can be dedicated to MBMS. It is therefore important to understand whether each of the requirements in Section 1 is relevant to the dedicated MBMS carrier mode. The WID [3] specifically requires to "Identify which of the broadcast requirements in TR 38.913 are relevant for dedicated terrestrial broadcast networks." 
Proposal 1: Each requirement should be evaluated in terms of applicability to dedicated MBMS carrier mode.

Some of the requirements for support of 5G terrestrial broadcast may already be met by LTE, completely or partially. The first step should therefore be to determine whether the requirement is already met, or partially met. If it is partially met, a determination should be made regarding the remaining gaps.

Proposal 2: The first step in the evaluation of a requirement should be to determine whether the requirement is already met by LTE or not. If the requirement is partially met, the remaining gaps should be identified.

To determine whether the requirements are met or not, and to identify the reaming gaps, the requirements could be divided in two groups:

Group 1:
Requirements whose analysis involves system-level and/or link-level simulations; and

Group 2:
Requirements whose analysis does not involve simulations.

For the requirements in Group 1, closing the gaps requires changes to the physical layer design that require analysis using system-level and/or link-level simulations (e.g. numerology changes). These requirements are further discussed in [2].

Requirements in Group 2 do not require simulation work, either because closing the gaps involve design decisions that do not require simulations or because the requirements are related to services.

It is obvious that Req.7 and Req.8 will involve simulation work: cell radius of 100 km or more and speeds of 250 kmph need to evaluated against the existing numerologies and RS patterns.  

Proposal 3: The requirements should be grouped according to whether they involve simulation work or not.
Proposal 4: Only Req.7 and Req.8 involve simulation work. All the other requirements are to be verified based on analysis of current specifications.
The methodology for evaluation of Req.7 and Req.8, including simulation assumptions, is further discussed in [2].

2.2
Methodology for evaluation of the requirements involving simulations

Please refer to [2].

2.3
Methodology for evaluation of the requirements not involving simulations

For the requirements not involving simulations, the gap analysis consists in mapping the requirements onto the LTE features and determining whether the requirement is supported or not. The conclusion could be that the requirement is either fully supported or partially supported.
For partially supported features, further analysis should be provided of the remaining gaps. 
3
Initial evaluation of the requirements not involving simulations

3.1
Evaluation of Req.1
The new RAT shall support existing Multicast/Broadcast services (e.g. download, streaming, group communication, TV, etc.) and new services (e.g. V2X, etc).
Broadcast TV service may be offered via dedicated MBMS carrier mode.

Observation 1: Req.1 is relevant to the dedicated MBMS carrier mode.

LTE supports a variety of multicast/broadcast services. It supports multicast and broadcast in MBSFN mode as well as in SC-PTM mode. It supports different numerologies optimized for different use cases and deployment scenarios. Specifically, LTE supports:

-
Broadcast/multicast for V2X since Release 13 (based on SC-PTM or MBSFN)
-
Broadcast TV services from Release 14

-
Broadcast/multicast for IoT devices (eMTC and NB-IOT) from Release 14 

Observation 2: Req.2 is fully met by LTE.
3.2
Evaluation of Req.2
The new RAT shall support dynamic adjustment of the Multicast/Broadcast area based on e.g. the user distribution or service requirements.
Dynamic adjustment of the service area is relevant to the broadcast TV service, which is offered via dedicated MBMS carrier mode.

Observation 3: Req.2 is relevant to the dedicated MBMS carrier mode.

The definition of the service area for each service is the responsibility of the BM-SC and is not affected by the RAT type. The xMB protocol between the BM-SC and the content provider, specified in Release 14, defines the MBMS service area as a parameter of the Session object. The Session object is configured during the Create Session procedure and can be modified in the Update Session procedure. The MBMS service area can be defined in a flexible way, e.g. using geographical coordinates, list of cells etc. See 3GPP TS 29.116 [4] for more information. 
Observation 4: Req.2 is fully met by LTE.
3.3
Evaluation of Req.3

The new RAT shall support concurrent delivery of both unicast and Multicast/Broadcast services to the users. 

The broadcast TV service, which is offered via dedicated MBMS carrier, can be offered at the same time with a unicast service, offered on a separate carrier.

Observation 5: Req.3 is relevant to the dedicated MBMS carrier mode.
From the radio interface point of view, the eNB can provide simultaneous unicast and broadcast transmissions:
-
On the same carrier, by time-multiplexing MBSFN and non-MBSFN subframes

-
On the same carrier, using SC-PTM for multicast/broadcast (can be TDM or FDM)
-
On separate carriers, using dedicated MBMS carrier for multiacst/broadcast services. 
Observation 6: Req.3 is fully met by LTE.
3.4
Evaluation of Req.4

The new RAT shall support efficient multiplexing with unicast transmissions in at least frequency domain and time domain.
Presumably, the frequency-domain multiplexing in this requirement pertains to FDM within the same carrier, so it is not relevant to the dedicated MBMS carrier.

Observation 7: Req.4 is not relevant to the dedicated MBMS carrier mode.
Based on the discussion on the time and frequency-domain multiplexing between multicast/broadcast and unicast in section 3.3, the following observations can be made:
Observation 8: TDM between unicast and multicast/broadcast is possible for broadcast/multicast offered via SC-PTM and via MBSFN transmission. FDM between unicast and multicast/broadcast is possible for broadcast/multicast offered via SC-PTM but not via MBSFN transmission.

In general, unicast and MBSFN transmission will have different numerologies (e.g. longer CP for MBSFN transmissions). LTE does not support multiple numerologies in the downlink in the same subframe. 
Observation 9: Req.4 is partially met by LTE.
The existing multiplexing capabilities are efficient. The support for multiple numerologies in the same subframe would increase the complexity at the UE/eNB side (e.g. need for additional FFT processing). It is recommended to not specify support for multiple numerologies in the same subframe.

Proposal 5: There is no need to specify support for multiple numerologies in the same subframe.

3.5
Evaluation of Req.5

The new RAT shall support static and dynamic resource allocation between Multicast/Broadcast and unicast; the new RAT shall in particular support of up to 100% of DL resources for Multicast/Broadcast (100% meaning a dedicated MBMS carrier).
Observation 10: Req.5 is relevant to the dedicated MBMS carrier mode.
The enhancements introduced in Rel-14 allow for allocation of between 0 and 100% resources to MBSFN transmission. The basic “resource allocation unit” is one MBSFN subframe, which can be configured with a 40-bit mask, resulting in the resource granularity of 2.5%
Depending on the amount of resources dedicated to broadcast, the following allocations of MBSFN resources in a carrier are possible:
-
Between 0%-60%: Legacy LTE (pre-Rel14). The carrier can be used as PCell.
-
Between 60-80%: Rel-14 FeMBMS mixed carrier. The carrier supports unicast but cannot be used as PCell.
-
100% allocation: Rel-14 FeMBMS dedicated carrier, unicast not supported.

It is not possible to support a broadcast/unicast ratio between 80 and 100%.
Observation 11: Req.5 is fully met by LTE.
3.6
Evaluation of Req.6

The new RAT shall support Multicast/Broadcast network sharing between multiple participating MNOs, including the case of a dedicated MBMS network.
Observation 12: Req.6 is relevant to the dedicated MBMS carrier mode.
Shared MBMS network was introduced as part of Rel-14 enTV (see 3GPP TS 23.246 [5] Annex D). Dedicated MBMS carrier network is included this architecture. The shared network deployment scenarios include:
-
Shared BM-SC and MBMS-GW; and
-
Shared BM-SC, MBMS-GW, MME and E-UTRAN.

It is also possible to use a single PLMN ID in the shared network, or to use per-network PLMN IDs. 

Observation 13: Req.6 is fully met by LTE.
3.7
Evaluation of Req.9

The new RAT shall leverage usage of RAN equipment (hard- and software) including e.g. multi-antenna capabilities (e.g. MIMO) to improve Multicast/Broadcast capacity and reliability.
Observation 14: Req.9 is relevant to the dedicated MBMS carrier mode.
For MBSFN transmission via PMCH, only a single antenna port/layer is supported. This prohibits the use of spatial multiplexing or transmit diversity. Cyclic-delay diversity could be used in a transparent manner to the UE. On the UE side, receiver diversity can be implemented to take advantage of the natural spatial diversity of the channel and increase performance for a given SNR.
Observation 15: Req.9 is partially met by LTE.

Support for MIMO for MBSFN transmission would be a major endeavour of substantial complexity and implementation impact. It may not be feasible to complete such effort within the given time frame.
Proposal 6: There is no need to specify support for MIMO for MBSFN transmission.
3.8
Evaluation of Req.10

The new RAT shall support Multicast/Broadcast services for mMTC devices.

Observation 16: This requirement is not relevant to the dedicated MBMS carrier mode.
LTE-based NB-IoT and eMTC devices are the basis for 5G mMTC devices. NR-based mMTC are not currently pursued in 3GPP. NB-IoT and eMTC devices support broadcast services over SC-PTM. For these devices, any additional complexity is a key issue to be considered. 
Observation 17: This requirement is fully met by LTE.
4. Conclusion
The following table summarizes the observations from the preceding sections:
	Requirement
	Relevant to dedicated MBMS carrier mode?
	Supported by LTE?
	Comments

	Req.1
	Yes
	Fully
	

	Req.2
	Yes
	Fully
	

	Req.3
	Yes
	Fully
	

	Req.4
	No
	Partially
	FDM between unicast and multicast/broadcast is possible for broadcast/multicast offered via SC-PTM but not via MBSFN transmission.

	Req.5
	Yes
	Fully
	

	Req.6
	Yes
	Fully
	

	Req.9
	Yes
	Partially 
	For MBSFN transmission via PMCH, single antenna port/layer is used.

	Req.10
	No
	Fully
	


The following is the summary of proposals from the preceding sections:

Proposal 1: Each requirement should be evaluated in terms of applicability to dedicated MBMS carrier mode.

Proposal 2: The first step in the evaluation of a requirement should be to determine whether the requirement is already met by LTE or not. If the requirement is partially met, the remaining gaps should be identified.

Proposal 3: The requirements should be grouped according to whether they involve simulation work or not.

Proposal 4: Only Req.7 and Req.8 involve simulation work. All the other requirements are to be verified based on analysis of current specifications.

Proposal 5: There is no need to specify support for multiple numerologies in the same subframe.

Proposal 6: There is no need to specify support for MIMO for MBSFN transmission.
Proposal 7: We propose to include the content of sections 2, 3 and 4 into the draft TR 36.776. 
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