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1
Introduction

This is the summary of the email discussion on NR Multicast/Broadcast. According to RP-191551 “Preparing for Rel-17”, endorsed in RAN#84, the scope of this email discussion should include as main drivers: V2X and Public Safety (incl. ‘mixed mode’ from Rel-16 discussions), and should refer to RP-190717 as a principle. 

2

Discussion

The RAN#84 contributions on NR Multicast/Broadcast related topics are listed in the References section of this document ([1] - [10]). Please add some in case it is missing. 

Another useful reference is the SA2 approved revision of the SA2 SID in S2-1908587 that might be endorsed by SA #85.
This email discussion is divided in two phases:

· Phase 1 (from now until RAN#85 with a summary presented at RAN#85) focusing use cases, requirements, scenarios, “work” organization.
· Phase 2 (from RAN#85 to RAN#86) focusing on the actual drafting of the SID or WID. The draft SID or WID will be presented in RAN#86 for approval.
Deadline for the company input on Phase 1 is 30th of August 2019, in order to allow a brief discussion and hopefully convergence on the conclusions before RAN#85. 

2.1 Use cases 

In this subsection the question is what are the use cases to be considered for NR Multicast/Broadcast. 

Regarding use cases, based on the RAN#85 contributions and the discussions, there is consensus to include “V2X” and “public safety”, but we noticed support for a few more cases, that we need to discuss and converge on. Examples to be discussed here include IoT (e.g. for software updates) and Video distribution (when multiple users are watching the same live streaming at the same time). 

Note that the SA2 SID (see S2-1908587) assumes that “It is up to 3GPP RAN groups to define which RAT supports Objective A and Objective B (and when i.e. in which release).”, therefore at some point (better by RAN#85) we have to discuss and decide if “TV Video and Radio Services in 5GS (including linear TV, Live, smart TV, and managed and OTT content, radio services)” are going to be part of this Rel-17 RAN NR Multicast/Broadcast SI/WI or not.  

Note that multicast/broadcast for NB IoT and eMTC connecting to 5GC is currently discussed under the other email discussion [NB_IoT_eMTC_enh] Rel-17 email discussion Phase 1 and therefore should not be discussed here.

	Company
	Input on use cases to be considered

	ABS
	Use case 1: TV Video and Radio Services in hotspot, building and local area (which one or several station can cover). 

5G Broadcasting in Release 16 (LTE_terr_bcast) will provide longer ISD and mobility to support outdoor mobile usage scenarios and maybe a weak penetration into building. For hotspot, in-building or local area, Broadcasters in China want to provide HD or UHD TV Video with 5G Broadcasting technology running on 3~5GHz spectrum which has relatively shorter coverage and higher data rate. This use case will require not only broadcast mode but also bi-directional communication.

Use case 2: A user who is watching a video from LTE_terr_bcast goes from outside to indoor area which has NR Multicast/Broadcast coverage, the video stream can switch from LTE_terr_bcast to NR Multicast/Broadcast in either unicast mode or multicast/broadcast mode.

Use case 3: A user is watching a video through Multicast/Broadcast mode, may he/she miss a scene then he/she wants to roll back. After he/she watches what he/she wants, he/she catch up the video progress.

	AT&T
	Multicast is very important in public safety for group calls as a solution for synchronized delivery of media, resource savings and congestion mitigation. 

Multicast bearers in NR should have the same QoS functionality as unicast bearers. 

Lossless and seamless transitions and/or handover between multicast and unicast bearers should be supported

Low signaling overhead for MBMS bearer setup modification and tear down should be a key design goal. 

Detection and reporting of events to applications, should be a major goal of the work. Very high availability, graceful handling of large number of UEs admitted in a cell should be supported and key design goal.  

	EBU/BBC/IRT
	We support the inclusion of Audio and Video distribution in the work on NR Multicast/Broadcast under Rel-17.

Broadcasters are making use of Over-the-top (OTT) platforms to make their live and on-demand content available to IP-connected devices. In the case of large audience events, mobile networks could become congested if all traffic is delivered using unicast. The implementation of a “mixed mode” (i.e. support for broadcast/multicast and unicast on a single NR carrier) could enable mobile networks to balance traffic so that QoS is not dramatically decreased to the end users.

Mixed mode could also be important for the OTT delivery of new media experiences incorporating elements delivered over unicast and broadcast simultaneously such as Object-based broadcasting (which delivers a single experience by multiple objects possibly tailored to the user delivered over a combination of unicast and multicast/broadcast) [https://www.bbc.co.uk/rd/object-based-media] or conventional linear TV programmes delivered over broadcast, supplemented with on-demand signing or reduced-rate speech over unicast.

	Vivo
	1. Video (including TV)/voice broadcast service

2. Small control packets transmission for the industrial deployment

3. Push services (e.g. advertisements and weather broadcast)

	Huawei, HiSilicon
	Video, public safety and V2X. For video application and public safety application, there are scenarios where the same contents are targeting for multiple UEs in the same cell or the same area. Multicast transmission towards these UEs can improve the transmission efficiency greatly. V2X has several use cases such as dynamic digital map update (see TS 22.186). Multicast/broadcast transmission can improve transmission efficiency of some V2X applications wherein there are multiple UEs expecting the same contents (e.g. dynamic digital map update).

	Qualcomm
	Apart from the already agreed use cases of “public safety” and “V2X”, we propose the following:

Use case 1: Support of Ethernet broadcast/multicast (e.g. factory automation)

Use case 2: Support of other types of multicast (e.g. IP multicast), including multimedia, file download, etc.

	CHTTL
	We are interested in the Video distribution related use cases.

	Ericsson
	We would like to address several use cases including NSPS, V2X, Video distribution, and IoT.

	BT
	Concurrent consumption of OTT unicast media streams, dynamically offloaded to broadcast/multicast according to demand.  Addresses popular events (e.g. sports), but also large coincident peaks in on-demand consumption.

Newer formats and content services, such as Object-Based Broadcasting and tile-based VR will need a much more flexible mixed-mode approach for efficient delivery.

Requirement is for minimal modification of existing unicast services and minimal configuration of network to use broadcast/multicast for a given service.

	ZTE
	V2X and public safety shall be the main scenarios for NR Multicast/Broadcast in the coming release. These two use cases were the main incentives to keep eMBMS evolving in 3GPP, despite the fact that without an architectural enhancement, it will be always hard to fulfill the above requirements. And we believe a system that satisfies the above two use cases should be good enough for use cases like HD video distribution in hotspot areas, and can be a good start point for continuous evolving for future use cases like IoT which might have a stringent requirement for power saving.

	Telstra
	Video, Mission Critical services, V2X, content pre-positioning, smart grid/utilities

	CATT
	We believe public safety and V2X application are important use cases. In addition, for Audio and Video distribution there is need to support Multicase/Broadcast, and there is motivation to improve the data rate and resource efficiency further in Rel-17. We are also open to investigate the possible use cases for OTT content and mixed mode traffics.

	Intel
	In addition to V2X and public safety use cases, we prefer to also consider IoT (e.g. software update), and industry IoT (IIoT) use cases (e.g. Ethernet broadcast).

	Enensys
	Video (including TV and OTT), public safety use cases, file distribution (e.g. content pre-positioning, software update).

	CMCC
	Besides the use case mentioned above, Vocal concert, UE-triggered multicast

service(e.g., gaming), and network identified user group(live multicast) should also be taken into consideration.


	OPPO
	We consider following scenarios are quite important for NR broadcast/multicast:

1. Video broadcasting/multicasting, including TV, live show by OTT

2. Group gaming

3. Public Safety

4. V2X

5. Advertisement, weather reporting or other use cases for public


	Nokia
	We expect the functionality needed by and developed for the V2X and public safety use cases to be service agnostic and hence to be applicable to other use cases also.  Hence at present, we do not feel a strong need to define additional use cases, although a study period could investigate whether there are any other use cases that have additional requirements that cannot be met by the service-agnostic functionality developed primarily for V2X and public safety.

	LG Uplus
	-Media distribution including XR media live service within limited area. Here the basic characteristic difference between XR media and normal HD media is the required data rate(more than 10 times) so that resource-efficient design is required even though NR spectrum is normally wider than LTE’s
-V2X data distribution for diverse infotainment services and data updates

	Bell
	· vCDN multicast for on-demand video (over FWA)

· broadcast delivery to support managed IPTV services (over FWA)

· public safety

	KPN
	We consider public safety/mission critical, and V2X as main use cases (next to IoT discussed in the other group). However, there are also opportunities for other types of generic content (e.g. sending content to advertising displays). For public safety/mission critical, service continuity between unicast and broadcast/multicast is important.

Important to have sufficient granularity in the definition of geographic areas. Large SFN areas have proved cumbersome. Broadcast should be possible on e.g. a residential area basis, rather than on a city, region or country basis.

	Spreadtrum
	We expect all the use cases including public safety, V2X, IoT (e.g. for software updates) and video distribution are taken into the consideration to develop a unified RAN multicast/broadcast transmission scheme.

	CBN


	We support this proposal. Multicast/broadcast can efficiently improve the video transmission efficiency and hence avoid congestion. 

Moreover, NR multicast/broadcast is conductive to the use of 5G high-throughput and low-latency features to achieve innovations over the traditional broadcasting services. Video technologies like VR/AR/UHD over wireless network enabled by 5G will tremendously enrich the broadcasting user experiences and will definitely generate revolutionary live video streaming services.

	SaankhyaLabs, Reliance Jio, Tejas Networks
	We consider the following scenarios/use cases.

1. Video and audio distribution, OTT content distribution for fixed and mobile (ranging from low speed to high speed), file-casting, software / firmware upgrade etc. 
2. Dynamic switching between multicast and unicast on same carrier
3. Convergence with non-3GPP broadcast technologies (ATSC3.0, DVB-T2)
4. Dynamic sizing of SFN spanning one to multiple cells.

	Dish Network
	Public safety and V2X are important use cases for Multicast and broadcast. Other than these, we note that video distribution is a generic use case that spans multiple verticals. As video traffic increases in venues and dense neighborhoods and there is a need for common content, multicast and broadcast can step in for the rescue of unicast. One of the reasons eMBMS did not take off is the semi-static nature and configurability of broadcast. From this perspective, one of the key goals for this work is to enable swift and autonomous configurability based on network analytics. Network should be able to analyze traffic and determine when a certain content is becoming popular in a certain region to seamlessly enable multicast / broadcast in that specific region or group of cells and go back to unicast when that condition is no longer satisfied. The architecture should be designed based on this goal.

	Samsung
	V2X and public safety are the main scenarios. NR Multicast/Broadcast should have enough forward compatibility for other potential uses cases, but we believe Rel-17 work should focus on those two use cases. 

	NTT DOCOMO
	We consider at least V2X and IIoT.

B2B service can be main part of NR Multicast/Broadcast while B2C service is also considerable.

	LGE
	Video streaming, V2X and Public safety.


	Moderator Summary
	We received 27 inputs from 31 companies. Beside PS and V2X, about 16 inputs mentioned Video/Audio and similar content distribution, about 10 IoT and similar, a few media stream, a few various types of content distribution. Only very few companies mentioned XR, gaming and more extreme use cases.

	Moderator Proposal
	Beside PS and V2X, include for the moment Video/Audio (live and on demand), IoT and similar applications, media streams, various types of content distribution (software upgrades, files, etc.). Exclude in Rel-17 more extreme and demanding cases like XR, gaming, Industrial applications with higher requirements, etc.


2.2 Scenarios 

In this subsection, we aim to clarify several aspects related to the scenarios to be taken onto account for NR Multicast/Broadcast. Therefore we tackle the issues with a few separate questions. 

2.2.1 5G Architecture options

Should we limit the study/work to NR SA (i.e. gNB connected to 5GC only) or do we need to consider other architecture options… and if yes, why so?

	Company
	Input on this scenario

	ABS
	Broadcasters in China don’t have 4G network, so we can start with NR SA. 

	AT&T
	Both Option 2 and Option 3X should be supported 

	EBU/BBC/IRT
	The focus of the work should be NR SA (gNB connected to 5G Core). 

While there is industry interest in connection of LTE FeMBMS to a 5G core this is out of scope for this present work.

NSA (gNB/NR connected to a 4G Core/EPC) could also be considered, given the prevalence of this form of deployment in the market currently.



	vivo
	We should consider NR SA and EN-DC with NR SCG sending Multicast/Broadcast service.

	Huawei, HiSilicon
	To focus only on NR SA

	Qualcomm
	The study should be limited to NR SA. Note that there is an SA2 study on adding multicast to 5GC, and the RAN objectives should be aligned with the SA2 architecture(s).

	CHTTL
	We think EN-DC also needs to be considered, since in the Video distribution scenarios, we need to rely on NR which has larger bandwidth compared to LTE.

	Ericsson
	We would be fine to limit the scope to NR SA, i.e. gNB connected to 5GC.

	BT
	Need to consider architecture options as well as RAN. Interface back to content sources and to UE application are critical to ensure content prepared in correct form for BC/MC delivery then converted back for normal unicast consumption. Cannot deal with this as RAN issue alone.

	ZTE
	NR SA.

	Telstra

	SA only

	CATT
	We suggest to focus on SA.

	Intel
	There is no need to limit the architecture options, but we’re also OK to prioritize some architecture options based on operator’s requirements.

	Enensys
	In addition to NR SA, NSA should be considered given the 5G current commercial deployments.

	CMCC
	In our opinion, NR SA should be studied with higher priority, and other options are not excluded.

	OPPO
	We also consider SA should be prioritized, and other options can be considered if really needed.

	Nokia
	We support limiting this WI to the NR SA for the following reasons:

(1)
To avoid the constraints of the legacy system

(2)
To ensure single RAN mode UE devices can fully support these new services

	LG Uplus
	NR SA (option 2) strongly, but NSA(option 3X) as well since initial deployments are being based on NSA(option 3X)

	Bell
	SA and NSA

	KPN 
	NR SA. For other options, existing MBMS can be used.

	Spreadtrum
	We suggest to focus on NR SA.

	CBN
	NR SA Only.

	SaankhyaLabs, Reliance Jio, Tejas Networks
	We support the study with NR SA as well as NSA. Additionally, this should be extended to consider convergence of 3GPP and other next generation broadcast standards (ATSC 3.0, DVB-T2, etc.) in much the same way broadband convergence has been addressed within 3GPP. Next Generation broadcast standards could be used as “standalone broadcast pipe” should be supported in addition 5G NR. A set of common entities in the 5GC can control the all “content push” mechanisms which includes standalone broadcast, MBSFN (over both LTE and 5G NR) and SC-PTM. An xMB like interface can be incorporated in the 5GC network, which can be used by the OTT platforms to push content over the RAN.

	Dish Network
	We should focus on NR SA (gNB connected to 5G Core)

	Samsung
	Only NR SA 

	NTT DOCOMO
	We think EN-DC should be considered as well since both NR SA and EN-DC are assumed for NR deployments.

	LGE
	We prefer to focus on NR SA.

	

	Moderator Summary
	We received 27 inputs from 31 companies. Beside NR SA, mentioned by everybody, only 9 inputs mentioned NSA, some with lower priority. No other architecture options was mentioned.

	Moderator Proposal
	Focus only on NR SA, also because solutions for NSA already exist.


2.2.2 Multicast/Broadcast Architecture 
Can SFN transmission be applied for NR Multicast/Broadcast? If yes, how large should be the SFN area? Another more specific way to discuss this issue is to ask which other options – if any - should be considered in addition to the simple case of a set of local cells or a MCE-like entity involvement? Please comment on aspects that need to be studied.   

	Company
	Input on this scenario

	ABS
	Since ABS aims at providing local service with this NR Multicast/Broadcast, one or a set of local cells are enough and ABS thinks MCE-like entity will optimize the traffic and user experience.

	AT&T
	SFN is harder to achieve with higher numerology and we certainly want MBMS in Rel 17 to cover both FR1 and FR2. For higher numerology SC-PTM and MC-PTM would be a better solution. MC-PTM can leverage multi-TRP work in Rel 16. We thus suggest to deprioritize SFN based solutions compared to SC-PTM/MC-PTM. 

	EBU/BBC/IRT
	While the wide-area SFN broadcast supported by LTE-based 5G Terrestrial Broadcast on EUTRAN is sufficient, there could be new functionality introduced under NR that could be helpful. For example, might SFN operation over smaller numbers of cells be useful to achieve efficiencies even if wide-area SFN is not supported under NR?

The architecture should also be designed in a way to ensure resilience of the Radio Access Network in emergency situations, something that is often a requirement for broadcast networks.

	Vivo
	Single cell Multicast/Broadcast transmission should be supported with high priority.
SFN transmission can be supported with very limited number of cells (e.g. 2~3). Whether need MCE-like entity needs further investigation.

	Huawei, HiSilicon
	Support both single-cell point to multipoint transmission and SFN within a few cells.

RAN architecture to enable flexible adjustment of broadcast/multicast areas should be studied. The transmission area should be adapted to user distribution. For example, in some use cases such as public safety, the multicast area might be an area cross multiple cells/gNBs. It would therefore be more efficient to allow multicast cross multiple cells/gNBs. Coordination among gNBs might be needed for broadcast area control. But how to archive this (e.g. whether to introduce MCE-like entity) could be further studied in study phase.

If the SFN area involves multiple gNBs, it would also require sync-protocol like function to control the transmission between gNBs.

	Qualcomm
	As discussed in previous RAN (RP-180668), SFN area can be limited to a small area, e.g. a set of cells associated with the same CU (intra-CU SFN area).

	CHTTL
	We are interested in providing local services, we support to consider a set of local cells or MCE-like entity involvement.

	Ericsson
	We are interested in addressing SFN transmission where an SFN area could consist of a handful of low tower cells. The dynamic allocation of broadcast/multicast/unicast should be handled by the RAN and the role of an MCE (especially in light of the CU-DU split) should be clarified in the study phase. In NG-RAN the gNB may be split and because of this (compared to the monolithic eNB design of LTE) the design of the MCE should take this into account. Its role and function may be different than in LTE.

	BT
	It is important that spectrum usage is dynamic.  Target use case is volatile demand driving network traffic peaks and creating capacity planning challenges.

	ZTE
	The definition of SFN might be evolving and be treated differently considering current band for 5G is relatively high, and the coverage of NR needs time to grow. The benefit of SFN can be evaluated for small area broadcast for the coming release. 
A control function or entity in RAN will be in charge of the coordination, while different broadcast area granularity shall be discussed.

	Telstra
	We require maximum flexibility in the allocation of the number of cells per SFN area, eg single cell to many cells as volatile traffic demands and it is important resources are dynamically assigned.

	CATT
	Both the SC-PTM and SFN broadcast with a small amount of cells need to be supported in NR system, as we see clear use case for them.

	Intel
	Considering the main use cases (V2X, public safety, IoT, and IIoT), we think the focus should be localized service distribution. Given the complexity and tight requirement from SFN, we prefer to consider SFN as low priority.

	Enensys
	We are interested in small, flexible SFN areas.

	CMCC
	We think R17 multicast architecture should be simplified. Multicast could be triggered by a set of UE instead of the legacy broadcast based on the SFN area. In addition, flexible switch between multicast and unicast by RAN should be supported as well.

	OPPO
	Whether the architecture is suitable depends on which use case needs to be handled. In our understanding, the architecture should be scalable, thus more use cases can be supported and the area could also be extended accordingly.

	Nokia
	In order to facilitate actual implementation and deployment, there must be no UE hardware impact: hence, at least no new numerologies and no new reference signals. L1 impact should be avoided to the greatest extent possible.  

These principles preclude SFN that is non-transparent from the UE perspective. 

The sync protocol required by SFN is also complex to specify. 

Therefore SFN should not be included in Rel-17. (Note also the agreement not to address HPHT and MPMT in Rel-17, and the lack of a full broadcast stand alone mode use case.)

SC-PTM should be considered the priority for both multicast and broadcast applications. This can be extended to multi-cell operation by performing SC-PTM transmissions independently in different cells. 

Further optimisations for multi-cell SC-PTM can be considered if the use-case requirements justify the additional effort and time required.  

	LG Uplus
	It is related to corresponding use cases whether required area is small or large. Anyway it should be supported for reflecting each use case. If it should be prioritized, single-cell based solution is more desirable and if time allows, SFN-based solution can be discussed while more complicated consideration should be required as other companies mentioned

	KPN
	Important to have sufficient granularity in the definition of geographic areas. Large SFN areas have proved cumbersome. Broadcast should be possible in e.g. a residential area, or shopping mall, rather than only on a city, region or country basis.

	Spreadtrum
	We expect that the application of multicast/broadcast transmission scheme will bring the minimum UE change to R15/R16 NR PHY structure. From this principle, we support to prioritize the SC-PTM like scheme. SFN scheme can be considered without introducing new frame structure and new numerology.

	SaankhyaLabs, Reliance Jio, Tejas Networks
	SFN transmission can significantly improve coverage, especially in lower frequency bands where massive MIMO is impractical. These have been found to give higher network gain thus improving the link margin.  The architecture must also consider necessary signaling to enable dynamic switching of content between unicast and multicast streams spanning one or more cells.

	Dish Network
	A high level goal of this work should be to achieve fully dynamic allocation (excluding semi-static allocation) of multicast / broadcast resources, including cells, PRBs, etc. based on network analytics. Whether this goal is achieved by employing MCE should be evaluated, especially considering CU-DU split architecture options.

	Samsung
	SC-PTM and potentially MC-PTM would be enough for the starting point for the first release 

	NTT DOCOMO
	At least SC-PTM should be supported. SFN transmission can be considered as well.

	LGE
	SCPTM should be considered with higher priority, and broadcast/multicast in multi-cells also needs to be considered. We would like to have one common solution based on CoMP, which can be applied to broadcast/multicast both in single cell and multiple cells.

	

	Moderator Summary
	We received 25 inputs from 29 companies. SC-PTM and a small set of cells operated in a SFN way seems the approaches more desirable.

	Moderator Proposal
	Focus the architecture study and (if agreed) design on SC-PTM and SFN among a few cells. Study scalability. Study the need of a MCE type of entity in RAN (and if needed specify it).


2.2.3 UE RRC states

Can we limit the study/work to the transmission of NR Multicast/Broadcast to UEs in RRC Connected state or do we need to consider other states, e.g. INACTIVE, IDLE… and if yes, why so?
	Company
	Input on this scenario

	AT&T
	NR multicast services should be possible in RRC CONNECTED, RRC INACTIVE and RRC IDLE states. Transition delay between RRC_IDLE and RRC_CONNECTED should be reduced compared to Rel 16 unicast RRC_IDLE to RRC_CONNECTED transition times.

	EBU/BBC/IRT
	Since this work concentrates on ‘mixed’ mode (unicast & broadcast/multicast), this implies CONNECTED state is the most relevant one. 

However, we feel that forward compatibility is important and therefore potential requirements (currently supported by FeMBMS) for the future e.g. free-to-air (SIM-free) reception or reception of 100% broadcast mode in IDLE mode should not be precluded by design choices taken in this work.



	Vivo
	The Multicast/Broadcast service should support all RRC states. We consider that at least for some push services (e.g. advertisements) it is not necessary to keep the UE in CONNECTED. And allowing the UE in IDLE/INACTIVE to receive the multicast service would benefit the UE power consumption, given the reduced measurement requirements.

	Huawei, HiSilicon
	Supporting UEs in RRC CONNECTED state as high priority. Focusing on RRC CONNECTED state could be helpful to reuse the unicast architecture/procedures for multicast as much as possible. Furthermore, keeping UE in RRC CONNECTED state is easy to improve the efficiency, service continuity and reliability by means of uplink feedback. This is important for some use cases such as V2X and MCPTT.

IDLE/INACTIVE state could be considered only if clear motivation is identified. If supported, IDLE/INACTIVE support should be add-on functions on top of the solutions developed for RRC CONNECTED state

	Qualcomm
	RRC_Connected should be taken as a baseline, especially for the broadcast/multicast traffic with more stringent QoS requirement. RRC_IDLE and RRC_INACTIVE can be considered depending on the outcome of the SA study.

	CHTTL
	Yes.

	Ericsson
	We would be fine to limit the scope to RRC_CONNECTED. 

	ZTE
	Considering the use cases (V2X and Public Safety), RRC_CONNECTED shall be of higher priority. Other status shall not be excluded if other use cases are to be supported.

	Telstra
	All RRC states

	CATT
	We should support all RRC states. We are not clear about the need of prioritization already in this stage.  

	Intel
	Just like in LTE, we don’t think there is a need to limit the RRC states.

	Enensys
	In addition to RRC_ACTIVE, RRC_INACTIVE and RRC_IDLE should be also supported. The multicast/broadcast services need to be delivered to a high density of UEs, as required in public safety (hundreds of first responders within a same cell), and restricting the scope to RRC_CONNECTED could limit the number of receiving UEs.

	CMCC
	For us, it is most important to support transmission of NR Mulicast/Broadcast to UEs in RRC Connected state. Still we are open to further study the benefits and feasibility of enabling idle mode and inactive mode reception of broadcast/multicast.

	OPPO
	All RRC states should be considered

	Nokia
	Certain V2X use cases may require information dissemination in an area to an unknown number of UEs that are in RRC_IDLE state. NR should support this functionality.

Support of UEs in RRC_INACTIVE state may be beneficial and can be considered. 

Hence it is not possible to limit the study to the RRC_CONNECTED state before service requirements are defined and understood.

	LG Uplus
	RRC CONNECTED state is the most preferable one. The other states can be considered but not as important as RRC CONNECTED state

	KPN
	RRC_IDLE is most relevant for IoT cases. But if solutions are combined, it should be considered. Also for e.g. digital signage, advertising, et cetera. RRC_IDLE is relevant.

	Spreadtrum
	All RRC states should be supported since some important information like public safety should be informed to the UE in any RRC state. 

	SaankhyaLabs, Reliance Jio, Tejas Networks
	The UE must be capable of receiving content via the broadcast/multicast streams while the UE is in RRC_IDLE, RRC_INACTIVE and RRC_ACTIVE states. The scope of this SI/WI should investigate whether additional RRC state definitions are required for a converged UE.

	Dish Network
	Most use cases are satisfied by limiting the scope to RRC_CONNECTED UE state. The only use case that requires RRC_IDLE state is linear TV. We are OK with limiting the scope to RRC_CONNECTED at least in the first release as it offers much better quality and configurability of multicast / broadcast by utilizing the uplink.

	Samsung
	By the nature of multicast, we think all RRC states should be covered

	NTT DOCOMO
	It is dependent to use cases/scenarios. Also all RRC states should be covered since all UEs may not be RRC_CONNECTED due to large number of UEs in some scenarios, where urgent information is provided.

	LGE
	We prefer to focus on RRC_CONNECTED, but RRC_IDLE/INACTIVE can be considered with low priority.

	

	Moderator Summary
	We received 23 inputs from 27 companies. About half of the inputs state that all the RRC states should be considered from the start, while the other half thinks that we could focus on RRC Connected first, or only on RRC Connected in Rel-17. 

	Moderator Proposal
	RRC IDLE and RRC INACTIVE can also be studied initially and we will see if they can be part of a possible WI in this Release or not.


2.2.4 Numerology, physical channels, etc.

Can we limit the study/work Rel-17 NR Multicast/Broadcast to be built on existing Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals? 
	Company
	Input on this scenario

	AT&T
	If we add new numerologies the potential impact on the WI will be huge. Limit to the existing numerologies from Rel 15. only.

	EBU/BBC/IRT
	The system should be designed to maximise the likelihood of implementation and uptake therefore favouring solutions that are easier to implement and that make incremental changes relative to the existing specifications. 

We do not have any specific requirements on numerology provided the relevant use cases are supported. However, numerologies with µ < 0 could be a considered if longer symbol periods were deemed appropriate.

	Vivo
	We think that Rel-17 NR Multicast/Broadcast should support single cell or SFN with very limited number of cells (e.g. 2~3). Therefore existing numerologies, physical channels can be reused to the maximum extend.  

	Huawei, HiSilicon
	Rel-15 numerology should be the baseline. No new physical channels/signals to be introduced. Whether longer CP is needed depends on SFN size. CP length could be studied (as optional UE capability) in the study phase.

	Qualcomm
	Yes, broadcast/multicast functionality should be built upon existing physical channels, signals, and numerologies.

	CHTTL
	Yes.

	Ericsson
	We would be fine to limit the scope to be built on existing Rel-15 numerologies and physical channels and signals.

	ZTE
	Rel-15 shall be a good start point, and it is essential for the numerology to be aligned with current unicast design.

	Telstra
	Rel-15 numerology should be the baseline but we would be open to new numerologies being introduced to support larger SFN areas. 

	CATT
	Yes we can.

	Intel
	Rel-15 numerology is the baseline.

	CMCC
	Common physical design with unicast can speed up the related specification, and enables more flexibility on switch between multicast and unicast.

	OPPO
	Existing numerology should be taken as the baseline for supporting broadcasting/multicasting.

	Nokia
	Yes, we should limit the study to existing Rel-15 numerologies and physical layer design, to minimize the implementation impact for the UE and therefore increase the likelihood of earlier mass-market adoption.

	LG Uplus
	Existing Rel-15 numerologies should be the baseline. The other aspects can be discussed. 

	Bell
	Yes, Rel-15 numerology as baseline

	Spreadtrum
	Yes, we prefer Rel-17 NR Multicast/Broadcast is built on existing Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals.

	SaankhyaLabs, Reliance Jio, Tejas Networks
	The study should evaluate whether the existing Rel-15 numerologies are sufficient or further enhancements are required. For standalone broadcast over tradition UHF channels, there may be a need to incorporate a different set of OFDM numerologies related to cyclic prefix and FFT sizes. Also, stronger FEC mechanisms are may be required due to the absence of HARQ in the broadcast channel. A broadcast centric PHY layer may have to be specified for standalone broadcast over large SFN areas. The Next Generation Broadcast Standards could serve as a good reference points during the evaluation.

	Dish Network
	Limiting the scope to existing numerologies, channels and signals is recommended as they adequately cover a majority of the use cases and offer easier adoption

	Samsung
	Yes. No other numerologies than Rel-15 NR.

	NTT DOCOMO
	Baseline should be NR Rel-15. To keep Rel-15 as much as possible is important in terms of lower cost of NW deployments.

	LGE
	Rel-15 numerology is a good start point.

	

	Moderator Summary
	We received 22 inputs from 26 companies. It seems that apart from a few comments that are open to study new numerologies, everybody else is fine to limit the scope to Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals.

	Moderator Proposal
	Limit the scope to current Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals. 


2.2.5 Frequencies

Can we limit the study/work Rel-17 NR Multicast/Broadcast to be on FR1 or do we need to study the feature in FR2?
	Company
	Input on this scenario

	ABS
	There is no sign that Broadcasters in China will get any spectrum in FR2. We want FR1, specifically 3.4GHZ (indoor) and 4.9GHz.

	AT&T
	FR2 should be in scope

	EBU/BBC/IRT
	The use of broadcast/multicast is efficient when there are a number of users in the cell requesting the same content. There is a higher probability of this happening in cells that cover more users, i.e. that are larger. This would therefore point towards the need to support lower frequencies (FR1). However, we see no reason to preclude frequencies above 6 GHz (i.e. FR2) at this stage to also cover dense deployments.

	vivo
	FR1 should be high priority to support Multicast/Broadcast service. FR2 can be considered as well for some indoor Multicast/Broadcast application. 

	Huawei, HiSilicon
	To focus on FR1. It is hard to get benefit of multicast in FR2 scenario due to small cell size and narrow beam width. So FR2-specific optimization can be deprioritized. This does not prevent the feature developed for FR1 to be applied to FR2 though.

	Qualcomm
	Both FR2 and FR1 unlicensed should be studied as well.

	CHTTL
	We think it’s fine to start with FR1.

	Ericsson
	We would be fine to limit to FR1.

	ZTE
	FR1 only, for the coming release.

	Telstra
	Study should focus FR1, FR2 as a lower priority

	CATT
	We think both FR1 and FR2 can be studied. 

	Intel
	Both FR1 and FR2 can be in the scope.

	Enensys
	FR1, and FR2 with a lower priority

	CMCC
	We can focus on FR1 firstly.

	OPPO
	FR1 should be prioritized, while FR2 can be considered if clear use case could be observed.

	Nokia
	We would like any features supported for multicast/broadcast in Rel-17 to be frequency agnostic, i.e. from RAN1/2 perspective supported on both FR1 and FR2.  

	LG Uplus
	FR1 should be prioritized but as other companies mentioned developed feature can be applied to FR2.

	Bell
	FR1 and FR2 in scope

	KPN
	Focus should be on FR1. But we see no clear reason to exclude FR2.

	Spreadtrum
	FR1 should be prioritized.

	CBN
	Multicast/Broadcast provides gain only when multiple users are watching the same contents. Lower frequency (i.e. FR1) provides larger coverage and hence more users can be served simultaneously in one cell. Therefore our view is to prioritize FR1.

	SaankhyaLabs, Reliance Jio, Tejas Networks 
	FR1 should be prioritized.

	Dish Network
	We support limiting the scope to FR1 as that is where broadcast / multicast is done most effectively given the propagation properties. If FR2 is considered, it should be limited to SC-PTM only.

	Samsung
	Support at least for FR1 and study feasibility for FR2

	NTT DOCOMO
	Whether Multicast/Braodcast in FR2 is beneficial or not is unclear for us since FR2 will be operated with small cell and/or narrow beam. So for FR2, study should start from this point if in scope.

	LGE
	FR1 should be prioritized

	

	Moderator Summary
	We received about 27 inputs from 31 companies. Approximately 6 inputs state that FR2 should be in the scope, 6 that is enough to study FR1, 14 that FR1 should be somehow prioritized over FR2, or that are open to consider FR2 at some conditions.

	Moderator Proposal
	FR2 could also be considered in the study, but with lower priority, and with the aim to understand use cases, feasibility and technical constrains


2.2.6 Any other aspect related to scenarios not covered by the above sections

	Company
	Input on this scenario

	EBU/BBC/IRT
	Although this work concentrates on ‘mixed’ mode (unicast & broadcast/multicast), forward compatibility should be key, ensuring, for example, that the option of 100% downlink capacity for broadcast/multicast is not precluded in future within NR. This approach would thereby avoid the limitations that affected the development of FeMBMS building on eMBMS.

The system should be designed to maximise the likelihood of implementation in chipsets and UEs, therefore favouring solutions that are easier to implement and that make incremental changes relative to the existing specifications. 

	vivo
	1. The unlicensed frequency should be supported for the NR Multicast/Broadcast. The reason is that many non-public networks would use the unlicensed frequency, and the multicast/broadcast is a key function for supporting some broadcast service (e.g. some I-IOT control packets and video/voice broadcasting in the (industrial) non-public network).
2. Whether or not beam operation is supported for Rel-17 NR Multicast/Broadcast?

	ZTE
	Agree with EBU, UE capability shall be a concern. Setting the bar too high won’t be good for the ecosystem.

	OPPO
	Agree with ZTE and EBU

	KPN 
	From architecture point of view, there should be commonality with solutions for broadcast in NB-IoT, and eMTC.

	SaankhyaLabs, Reliance Jio, Tejas Networks
	Agree with EBU/BBC/IRT ‘s viewpoint. 

	Dish Network
	Multicast / broadcast should be allowed in Scells and on unlicensed spectrum. This allows flexible use of spectrum. 

	
	

	Moderator Summary
	We received 7 different inputs from 11 companies.  Various aspects were mentioned.

	Moderator Proposal
	Forward compatibility and control of the UE complexity seem the most shared recommendations, which could be taken into account in the SI/WI.


2.3 Key Requirements

In this subsection, some of the general key requirements for NR Multicast/Broadcast are discussed. In addition to this, the key requirements of each of the envisioned NR Multicast/Broadcast use cases can be discussed. Companies can point to sections of documents containing requirements rather than copy large tables below. 

2.3.1 Service switching between Unicast and Multicast/Broadcast

Should we aim for a solution that allows easy service switching from Unicast and Multicast /Broadcast and vice-versa? What should be the requirements for the service continuity? Please comment from this aspect both from the network and the UE point of view.

	Company
	Input on this scenario

	ABS
	Use case 3 from ABS in Section 2.1

	AT&T 
	Transition between intra-cell and inter-cell unicast and multicast bearers should be supported with no higher layer packet loss (for the RRC CONNECTED case). Loss less delivery should be handled in RAN and should not have to depend on higher layer mechanisms such as TCP/IP to recover the lost packets. 

	EBU/BBC/IRT
	Service continuity should be supported with a minimum impact on user QoE

	vivo
	We think that the service switching between unicast and Multicast /Broadcast should be supported.
Service continuity requirements depend on the particular Multicast /Broadcast service, which may need the input from SA2. 


	Huawei, HiSilicon
	We see switching between unicast to multicast and vice-versa might be required in the following scenarios:

· Number of users interested in multicast service changes
· UE mobility (for example UE moves from a cell with ongoing multicast service to a cell without multicast channel for this service, or vice-versa.)
· Multicast reception quality becomes worse/better than the required level for the targeted service, for example, the UE moves to the edge of multicast area and vice-versa.
For some use cases such as MC-PTT, it would be critical to guarantee service continuity in all of these scenarios. Therefore, we support dynamic switching between Unicast and Multicast/Broadcast. 

As RAN is the network node closest to UEs and can monitor the radio channel quality of the UE, RAN may be able to minimize the interruption or even achieve seamless switching between multicast and unicast. We therefore support unicast/multicast switching to be controlled by RAN.
Requirements: less than 150 ms interruption time for video [TS 23.501], less than 75 ms user-plane interruption time for MCPTT [TS 23.501].

	Qualcomm
	Yes, we should support service switching between unicast/multicast. Service continuity should be supported (both between unicast/multicast and between different cells/SFN areas). 

	Ericsson
	We think easy service switching could be a key improvement compared to LTE. We understand this to include the flexibility of changing the size of the UE group and set of cells included for multicast. Dynamic scheduling of UC and MC/BC shall be possible. To the UE (at least to the AS) the group formation and management should be transparent. The distribution method (UC or MC/BC) should be transparent to higher layers.

	BT
	This is critical for us.  Needs to have no impact on client app design and minimal configuration for interface with CDN/Origin server source.  Consider MC/BC as an internal network optimization feature.

	ZTE
	Cast type switching (in RAN) shall only be supported if the implementation complexity and workload allow. The 1st release with NR Multicast/Broadcast shall aim to the essential function to enable Broadcast/Multicast in 5G.

	Telstra
	It is critical that capability switching with service continuity be supported

	CATT
	Smooth switching between multicast and unicast service modes for intra-cell and inter-cell cases should be considered as high priority.

	Intel
	Yes, service continuity between unicast and Multicast / Broadcast should be supported. 

	Enensys
	Service switching between unicast/multicast should be supported. Service continuity should be supported for RRC_CONNECTED UEs.
NOTE: The unicast/multicast switch for OTT Videos (Dash/HLS services) still needs to be handled by the service layer, as specified by MooD in LTE (MBMS Operation On Demand): transport protocols may differ in unicast and multicast, and the content in multicast may be a different representation/rendition.

	CMCC
	It is necessary to support this feature. Service continuity should be guaranteed during mobility procedures, which may result in switching between unicast and Multicast/Broadcast. Also, for on demand multicast, at RAN side, dynamic switching between multicast and unicast, which could be triggered by some UEs together, should be supported. Moreover, such switching should be transparent to UEs ( UE does not feel any sense of switching. To achieve this, a common architecture and procedure for multicast and unicast should be considered.



	OPPO
	We also think service continuity should be guaranteed with supporting between switching between unicast and multicast/broadcast

	Nokia
	Yes, solutions that allow efficient use of radio resources including switching from unicast and multicast should be studied. Each gNB should decide whether multicast data is transmitted using unicast or SC-PTM in each of its cell(s). Service continuity is important for mission critical services and should be taken into account when considering switching between multicast and unicast and during mobility.

	LG Uplus
	Depending on the use cases, service switching between Unicast and Multicast/Broadcast over inter-cell and intra-cell should be supported. For example, general data update will not require short interruption time but any media streaming service will require. Regarding the values, like Huawei/HiSilicon’s opinion we can refer to 5QI QoS characteristics mapping in TS 23.501, but for XR media distribution 150ms will not be enough. On the other hand, if the operator’s strategy for this XR media distribution is not for mobile users, then the service continuity over inter/inra-cell is not a problem for this case.  

	Bell
	Dynamic scheduling between multicast/unicast/broadcast delivery is key to optimize radio resources.  Also need the ability to set QCIs for broadcast 

	KPN
	Public safety has clear requirements on service continuity between unicast and multicast/broadcast

	Spreadtrum
	Service switching between unicast/multicast should be supported. Service continuity should be supported to guarantee the performance.

	CBN
	Service switching between unicast/multicast should be supported as well as service continuity.

	SaankhyaLabs, Reliance Jio, Tejas Networks 
	Given that multicast/broadcast traffic could be event based and based on number of viewers, switching between Unicast and Broadcast/Multicast and vice versa should be a critical requirement to ensure optimal use spectrum resources on a dynamic basis. 

	Dish Network
	Service continuity is a must have. Switching between multicast/broadcast and unicast has to be done autonomously based on traffic and needs to be seamless to the end user.

	Samsung
	We can focus on the basic framework for Rel-17. Cast type changing can be considered in the future release

	NTT DOCOMO
	Yes, we think easy service switching between unicast and multicast/broadcast should be supported.

Current considered use-cases will need unicast transmissions, and they will be switched frequently.

	LGE
	Service switching between Unicast and Multicast/Broadcast can be handled at higher layers, so can be handled in SA2.

	

	Moderator Summary
	We received 27 inputs from 31 companies. Beside a couple of exceptions, all the other companies seems keen on supporting service continuity in Rel-17.

	Moderator Proposal
	Service switching between unicast/multicast should be supported as well as service continuity. It has to be studied together with SA2 which part of the system is responsible for these requirements, i.e. which parts are up to RAN and which not.


2.3.2 Control of the transmission area 

The requirements on the dynamic control of the transmission area should be discussed, e.g. dynamic adaptation of SFN area, easy turning on broadcast/multicast resources in some cells, while turning it off in others, etc.. Please share your opinion on this aspect below.

	Company
	Input on this scenario

	AT&T
	Since we prefer the SC-PTM and MC-PTM we would like cell level granularity ad control of the MBMS transmission

	EBU/BBC/IRT
	It should be possible to dynamically control the transmission area, for example, to enable the deployment of regional TV/Radio services at certain times of day but also more flexibly to deal with fluctuations in simultaneous demand as per MooD. The system should ideally support the delivery of the same TV/Radio services over different types of network deployments including single-cells (isolated transmitters) or clusters of transmitters of different dimensions.

	Vivo
	From our perspective, very small SFN area with very limited number of cells (e.g. 2~3) can be supported in R17, and simple solution to realize adaptation of SFN area needs to be considered, such as semi-dynamic mechanism. 

	Huawei, HiSilicon
	Support. In some use cases such as group communication and live video, the targeted broadcast area might be around a specific place or triggered by an event, and the area might change due to the mobility of the interested users. This would require a quick switch on/off and adjusting of broadcast area according to the event and user distribution.



	Qualcomm
	There should be dynamic control (ideally per gNB) of switching between unicast, multicast or none (e.g. if no UEs are present in the gNB).

	Ericsson
	We want flexibility to add and remove cells from the SFN area dynamically adjust resources between UC and BC/MC. We think changing the SFN area could be more slowly than adjusting resources between UC and BC/MC.

	BT
	The volatile nature of synchronous consumption means that radio resource allocation should be as dynamic as possible.

	ZTE
	Dynamic broadcast/multicast area shall be supported from the standard perspective.

	Telstra
	We require maximum flexibility & dynamic control of cells from the SFN area. 

	CATT
	This is important as we will see dynamic mobility to the Multicast/Broadcast use cases. The designs should consider both service quality as well as resource efficiency. 

	Intel
	We think the dynamic control of transmission area can be supported.

	Enensys
	2 modes should be made possible: 
-Full control of the transmission area, at cell level or small SFN area level, for the applications
-Dynamic control by the RAN based on interested user locations

Feedbacks about the transmission area from the RAN should be available (in case of suspension/preemption/dynamic modification of the transmission area)

	CMCC
	As we mentioned above, in R17 multicast may be triggered based on a set of UEs’ demand, which means the transmission area is changing dynamically. Besides, in R14 study on LTE V2X, it has been identified that small area broadcast is much beneficial than large area broadcast and unicast transmissions. Therefore, we think dynamic adaptation should be supported, especially in V2X scenario.

	OPPO
	Appropriate dynamic control is beneficial to adjust the network with considering the service area and user numbers

	Nokia
	Multicast data should be transported through the core network to gNBs serving the cells where the data is to be transmitted. Each gNB should decide whether multicast data is transmitted using unicast or SC-PTM in each of its cell(s). 

SFN should not be supported. 

	LG Uplus
	Target area/time can be changed depending on the contents, users, policies, cell capacity, etc. Dynamic adaptation should be supported accordingly

	KPN
	Especially for applications in public safety, it is beneficial if geographic areas can be dynamically controlled (adding dropping individual cells).

	Spreadtrum
	Dynamic broadcast/multicast area control shall be supported.

	CBN
	Dynamic adaptation should be supported according to cell status, contents, locations, etc.

	SaankhyaLabs, Reliance Jio, Tejas Networks 
	Agree with comments above from LG Uplus. Dynamic adaptation needs to be supported for optimal use of the spectrum resources.

	Dish Network
	Which cells partake in multicast / broadcast has to be done autonomously based on network analytics. 

	Samsung
	Flexibility should be provided, so adding/removing cells should be possible

	NTT DOCOMO
	We are not sure dynamic control of the transmission area is feasible in actual deployments.

	LGE
	Dynamic control can be beneficial especially in V2X.

	

	Moderator Summary
	We received 24 inputs from 28 companies. Beside a couple of exceptions, all the other companies seems keen on dynamic control of the transmission area in Rel-17.

	Moderator Proposal
	Dynamic control of the transmission area should be supported. This can take different forms depending on the technical solution (e.g. SFN vs. SC-PTM/MC-PTM), so details need to be studied.


2.3.3 Reliability of the transmission

A few companies mentioned that the reliability of the transmission in Multicast/Broadcast should be guaranteed in some way (for example by using some form of UL feedback). Which level of reliability do we need to aim for? 

	Company
	Input on this scenario

	AT&T
	Both eMBB and URLLC kind of reliability should be supported in MBMS

	EBU/BBC/IRT
	Some form of reporting mechanism could be helpful to optimize the transmission settings of the cell however this should be optional. Mechanisms to enable physical-layer time interleaving should also be considered to combat impulsive interference and improve the overall robustness of reception.

	Vivo
	Similar to continuity requirements in 2.3.1, reliability requirements depend on the particular Multicast /Broadcast service, which may need the input from SA2. 

	Huawei, HiSilicon
	UL feedback mechanism should be studied to meet QoS requirements for the targeted use cases.

	Qualcomm
	We think the functionality of supporting reliable delivery should be supported in the RAN (e.g. by support of retransmissions, different layers can be considered). Note that reliability for LTE MBMS is built in the service layer or application layer, and thus is not appropriate for applications that may require lower latency.

Some multicast use cases that require reliability are: 


- Power grid distribution (TR 22.804), with a delay of 5ms and packet error rate of 10-6.


- V2X (TR 22.186): “Sufficient reliability should be provided even for cells having no values in this table (not clearly defined)”. For latency, 20ms is required for information sharing between UEs and RSU. 


- Requirements for MCPTT (e.g. KPI3, mouth-to-ear latency of 300ms) should be also taken into consideration.

If the power grid distribution requirements are too stringent to be met, consider delays in the order of 10-20ms.



	Ericsson
	We are interested to investigate some form of UL feedback as a way to improve reliability. The level of reliability should be based on the requirements of the application. 

	BT
	For our use cases, reliability can be handled at higher layers.

	ZTE
	Reliability has always been pursued by V2X and Public Safety, therefore it should be defined by the respective use cases.

	Telstra
	Reliability can be handled at higher layers

	CATT
	We can study the usefulness of UL feedback based on real use case.  

	Intel
	Reliability requirement can be from SA1.

It seems that there is no need to introduce UL feedback, as in LTE Rel-13 SC-PTM.

	Enensys
	Reliability for non-real time content can still be assured by the application.

Reliability for low latency use cases could be considered.

	CMCC
	We support using UL feedback to improve multicast reliability, and we think the efficiency should be considered as well when designing feedback mechanism to avoid recourse waste due to redundant feedback, considering that multiple receivers might feed back the network with the same problem simultaneously.

	OPPO
	We think reliability issue can be investigated in the study item, and we agree that different use cases may have different requirements.

	Nokia
	The minimum levels of reliability supported should be driven by the requirements of the use cases.  Methods (e.g. feedback) to ensure higher levels of reliability could be studied during a study phase.

	LG Uplus
	Just general view, depending on the use cases it can be considered whether it needs higher reliability or not.

	KPN
	Different use cases have different requirements. For some use cases, UL feedback makes sense. For other use cases it does not make sense. Some of this may be handled at application layer.

	Spreadtrum
	We support to study the reliability issue from RAN perspective. Reliability requirement of different services can be from SA1. 

	SaankhyaLabs, Reliance Jio, Tejas Networks 
	Typically, Broadcast level of reliability for “standalone broadcast pipe” is stated in terms of Quasi Error Free Transmission which is equivalent to BER < 1e-11. This level of reliability is not supported in the latest eMBMS releases. The drawback seen with prior eMBMS released is the severe degradation with Doppler, which makes it difficult to use in high speed mobile environments. Therefore, mechanism to achieve the necessary level of reliability should be studied, include mechanisms of UL feedback for multicast/broadcast streams.  

	Dish Network
	Reliability requirements can be the same as for eMBB or even lower in some cases to maximize coverage. Further requirements, such as for public safety, need to be studied. 

	Samsung
	High reliability can be provided by physical layer using UL feedback information if we only focus on RRC_connected UEs.

Studying and potentially working UL feedback mechanism including HARQ feedback and CSI feedback can be done in Rel-17. We see this is big differences from LTE for broadcast and multicast. Those feedback can be used in link adaptation, MIMO, and HARQ for improved spectral efficiency as well.

	NTT DOCOMO
	URLLC traffic should be covered since some services like V2X and IIoT require such high reliability and latency.

Solution to satisfy URLLC requirement is studied including UL feedback.

	LGE
	Reliability can be handled at higher layers. No UL feedback is needed in RAN.

	

	Moderator Summary
	We received 23 inputs from 27 companies. Beside a couple of exceptions, all the other companies seems keen on studying methods to improve reliability, depending on service requirements, in Rel-17.

	Moderator Proposal
	The level of reliability should be based on the requirements of the different services/applications. Study the need for some form of UL feedback or other ways to improve reliability for the more demanding agreed use cases. 


2.3.4 Any other general key requirement not mentioned in the sections above

Any other key requirement that can be applied to all the use cases and scenarios that has not been mentioned above and it is worth considering?

	Company
	Input on this scenario

	ABS
	If service require, switch smoothly between NR Multicast/Broadcast and LTE_terr_bcast. See use case 2 from ABS in Section 2.1.

	AT&T
	For PS purpose, UE receives MBMS messages can re-broadcast/multi-cast the same message out to extend the network coverage. 3GPP needs to study the necessary spec change to support such operation.

	EBU/BBC/IRT
	A Key requirement is efficient Broadcast/Multicast and Unicast multiplexing. 

The requirements in 3GPP TR 38.913 to support Multimedia Broadcast/Multicast Service include “The new RAT shall support efficient multiplexing with unicast transmissions in at least frequency domain and time domain”. 

This requirement was not considered in TR 36.776 “LTE-based 5G Terrestrial Broadcast” since it is not relevant for dedicated MBMS networks. However, it is relevant for the 5G ‘mixed’ mode broadcast/multicast and unicast and it should therefore be considered here. As presented in R1-1813710, Broadcast/Multicast and Unicast Superposition Transmission (BMUST) for the 5G physical layer radio interface can be more efficient than the multiplexing schemes included in LTE that rely only on orthogonal allocation of the resources in time and/or frequency domains.

 

	Qualcomm
	Dynamic (as close as possible to per-TTI basis) multiplexing between unicast and multicast. Avoid inflexible reservation of resources for multicast.

Some further requirements may be introduced based on the outcome from SA study. For example, whether security at the RAN is needed.

	Ericsson
	We would like to have one common mode instead of two separate modes as in LTE (SC-PTM and MBSFN).

	ZTE
	Coordination with SA2 and aiming for a holistic approach is pursued.

	Telstra
	Agree with Ericsson - a single solution must be delivered in NR

	ABS
	If service require, switch smoothly between NR Multicast/Broadcast and LTE_terr_bcast. See use case 2 from ABS in Section 2.1.

	KPN
	Holistic approach for all broadcast scenarios is preferred. 

Agree with AT&T that relaying of broadcast messages for PS/MC should be considered.

	Saankhya Labs, Reliance Jio, Tejas Networks
	Use of 3GPP SUL as a return link for non-3GPP broadcast technologies.

	LGE
	Agree with Ericsson. We would like to have one common solution based on CoMP, which can be applied to broadcast/multicast both in single cell and multiple cells.

	

	Moderator Summary
	We received 11 different inputs from 15 companies.  Various aspects were mentioned.

	Moderator Proposal
	A few guidelines and optimizations that can be considered in the SI/WI were mentioned. Not much can be easily agreed at this stage.


2.3.5 Specific requirements for specific use cases

As mentioned above, companies can point to sections of documents containing specific requirements rather than copy large tables below and comment on what we should care about in Rel-17 and what we can consider e.g. in another release. 
	Company
	Input on this scenario

	ABS
	Section 2.3.1 and 2.3.4 should care about in Rel-17.

	AT&T 
	1) The system shall provide low multicast bearer (session) setup / modification/ tear down time for call events (e.g. setup) even during congestion situations. 

2) The system shall provide a network based subscribe/notify capability to RAN events and conditions in a cell, including rapid detection and reporting of congestion buildup, congestion relaxation, bearer and UE pre-emption, packet dropping, and rough number of UEs. 

	vivo
	Section 2.3.1 should be considered in Rel-17.

	Huawei, HiSilicon
	Public safety requirements refer to summary in TR 36.890 (Table 2-1) for control plane and 23.501 for user plane (Table 5.7.4-1)

Live video requirements refer to TS 23.501 (Table 5.7.4-1)

	Qualcomm
	See 2.3.3 for reliability requirements.

	CHTTL
	Section 2.3.1 and 2.3.2

	CATT
	Agree with CHTTL.

	CMCC
	In R17, we should focus on multicast architecture(2.2.2 &2.2.4), different UE states(2.2.3), service continuty(2.3.1) and reliable transmission(2.3.3).

	OPPO
	All these sections are important for different use cases as mentioned before, and the architecture needs to be prioritized firstly, because this is the baseline for further discussion. For the rest of them, we consider that all aspects are the potential areas for the study item of Rel-17.

	Nokia
	For the public safety use case, RAN requirements should be driven by SA6 requirements.

For V2X, requirements are given in TS 22.186; these should be reviewed to identify which of the SA1 use cases are relevant for Uu broadcast/multicast. Additionally, 5GAA could be asked for input on relevant use cases and requirements. 

	Spreadtrum
	Requirements in Section 2.3.1, 2.3.2 and 2.3.3

	Saankhya Labs, Reliance Jio, Tejas Networks
	We need to consider use of UHF bands for supporting broadcast/multicast due to their superior propagation characteristics. 

In addition, we need to support

(1) Next Generation broadcast standards (ATSC 3.0, DVB-T2 etc.) that can be treated as a non-3GPP trusted broadcast network.
(2) Broadcast Network controlled by common 5GC to enable “Broadcast Offload” functionality.

	Dish Network
	End user interaction on live or shared content by means of an uplink channel would be great for user engagement as well as for monetization. This applies to video distribution, advertising and public safety use cases. 

	
	

	Moderator Summary
	We received 13 different inputs from 15 companies. 

	Moderator Proposal
	A few useful references have been given, they need to be further checked to agree on what we are aiming for in Rel-17. 


2.4 Organization of the “work”

There are a few options on how to organize the “work” on NR Multicast/Broadcast from a project management point of view. The main options seem to be: A) a Rel-17 SI followed by the Rel-17 WI (e.g. 6 months + 6 months), B) a work item starting with a short study phase (e.g. 3 months study phase + 9 months work) or C) a Rel-17 SI that lasts for the whole Release 17, and postpone any possible WI to Rel-18. Companies are invited to express their preference. Needless to say that in the end this will need to match the overall scope of the “work”.      
	Company
	Evolution areas

	ABS
	A or C. 

	Vivo
	B

	Huawei, HiSilicon
	B) a work item starting with a short study phase

	Qualcomm 
	A

	CHTTL
	A

	Ericsson
	We think this becomes clearer once the scope of the work is better understood, but we think option B would be feasible.

	ZTE
	A

	Telstra
	A) or B) but not C)

	CATT
	We think A is better. 

	Intel
	Slight preference for Option B. Practically, there is not much difference between Option A and B.

	Enensys
	A or B

	CMCC
	B. We prefer a lite multicast/broadcast in Release 17 which focuses on specific requirements. 

	OPPO
	A, since at least an appropriate SI phase is needed.

	Nokia
	A

	LG Uplus
	B

	Spreadtrum
	A

	CBN
	A or B

	SaankhyaLabs, Reliance Jio, Tejas Networks 
	A or B

	Dish Network
	We also think that Option B is feasible. Previous work and studies can be used to facilitate a short study for NR Rel 17. 

	Samsung
	B) Having sufficient work item phase is essential to produce decent quality specification

	NTT DOCOMO
	A or B

	LGE
	A

	

	Moderator Summary
	We received 22 inputs from 24 companies. Only one company could accept C (or A), which means that there is consensus to have some normative specification work (i.e. a WI) to be concluded in Rel-17. There is substantial parity between A (14) and B (13), and not too much difference in the end, according to some comments. 

	Moderator Proposal
	Decide this in RAN#85 based on a short discussion, in order to allow the drafting of SID or WID in phase 2 of this email discussion.


2.5 Other comments

Companies can provide additional comments here, if not covered by previous subsections.

	Company
	Other comments

	AT&T
	Meeting some or most requirements identified above will involve both RAN2 and RAN3 and will require close cooperation and coordination with other 3GPP working groups, primarily SA2, SA6 and CT1.

	vivo
	We consider that the first release of the NR multicast/broadcast function can take the LTE SC-PTM architecture as a baseline so as to save the discussion time in RAN. Some key functions (e.g. service continuity and UE interest counting) should also be supported.

	Huawei, HiSilicon
	aim at a common design for all targeting/prioritized use cases

	Qualcomm
	The RAN study should align with the overall architecture defined during SA2 study.
The RAN architecture and RAN3 part of NB-IoT/eMTC should be considered together with this work/study for NR.

	Enensys
	Coordination with SA2, SA4, SA6 and CT1 will be required

	KPN
	Coordination with SA2, SA4, SA6 and CT1 is important.

	
	


	Moderator Summary
	We received 6 different inputs from 6 companies.

	Moderator Proposal
	A few useful comments, but nothing to be formally proposed at this point in time.


3
Conclusions 

Overall there was good participation in this email discussion phase 1, with 27 inputs received from 31 independent companies.
The partial summaries and proposals of the section 2 above are captured below to make the reading easier.

3.1 Use cases 
	Question
	What are the use cases to be considered for NR Multicast/Broadcast, beside PS and V2X? 

	Moderator Summary
	We received 27 inputs from 31 companies. Beside PS and V2X, about 16 inputs mentioned Video/Audio and similar content distribution, about 10 IoT and similar, a few media stream, a few various types of content distribution. Only very few companies mentioned XR, gaming and more extreme use cases.

	Moderator Proposal
	Beside PS and V2X, include for the moment Video/Audio (live and on demand), IoT and similar applications, media streams, various types of content distribution (software upgrades, files, etc.). Exclude in Rel-17 more extreme and demanding cases like XR, gaming, Industrial applications with higher requirements, etc.


3.2 Scenarios 

3.2.1 5G Architecture options

	Question
	Should we limit the study/work to NR SA (i.e. gNB connected to 5GC only) or do we need to consider other architecture options?

	Moderator Summary
	We received 27 inputs from 31 companies. Beside NR SA, mentioned by everybody, only 9 inputs mentioned NSA, some with lower priority. No other architecture options was mentioned.

	Moderator Proposal
	Focus only on NR SA, also because solutions for NSA already exist.


3.2.2 Multicast/Broadcast Architecture 
	Question
	Can SFN transmission be applied for NR Multicast/Broadcast? If yes, how large should be the SFN area? Another more specific way to discuss this issue is to ask which other options – if any - should be considered in addition to the simple case of a set of local cells or a MCE-like entity involvement? Please comment on aspects that need to be studied

	Moderator Summary
	We received 25 inputs from 29 companies. SC-PTM and a small set of cells operated in a SFN way seems the approaches more desirable.

	Moderator Proposal
	Focus the architecture study and (if agreed) design on SC-PTM and SFN among a few cells. Study scalability. Study the need of a MCE type of entity in RAN (and if needed specify it).


3.2.3 UE RRC states

	Question
	Can we limit the study/work to the transmission of NR Multicast/Broadcast to UEs in RRC Connected state or do we need to consider other states, e.g. INACTIVE, IDLE… and if yes, why so?

	Moderator Summary
	We received 23 inputs from 27 companies. About half of the inputs state that all the RRC states should be considered from the start, while the other half thinks that we could focus on RRC Connected first, or only on RRC Connected in Rel-17. 

	Moderator Proposal
	RRC IDLE and RRC INACTIVE can also be studied initially and we will see if they can be part of a possible WI in this Release or not.


3.2.4 Numerology, physical channels, etc.

	Question
	Can we limit the study/work Rel-17 NR Multicast/Broadcast to be built on existing Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals? 

	Moderator Summary
	We received 22 inputs from 26 companies. It seems that apart from a few comments that are open to study new numerologies, everybody else is fine to limit the scope to Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals.

	Moderator Proposal
	Limit the scope to current Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals. 


3.2.5 Frequencies

	Question
	Can we limit the study/work Rel-17 NR Multicast/Broadcast to be on FR1 or do we need to study the feature in FR2?

	Moderator Summary
	We received about 27 inputs from 31 companies. Approximately 6 inputs state that FR2 should be in the scope, 6 that is enough to study FR1, 14 that FR1 should be somehow prioritized over FR2, or that are open to consider FR2 at some conditions.

	Moderator Proposal
	FR2 could also be considered in the study, but with lower priority, and with the aim to understand use cases, feasibility and technical constrains


3.2.6 Any other aspect related to scenarios not covered by the above sections

	Moderator Summary
	We received 7 different inputs from 11 companies.  Various aspects were mentioned.

	Moderator Proposal
	Forward compatibility and control of the UE complexity seem the most shared recommendations, which could be taken into account in the SI/WI.


3.3 Key Requirements

3.3.1 Service switching between Unicast and Multicast/Broadcast

	Question
	Should we aim for a solution that allows easy service switching from Unicast and Multicast /Broadcast and vice-versa? What should be the requirements for the service continuity? Please comment from this aspect both from the network and the UE point of view.

	Moderator Summary
	We received 27 inputs from 31 companies. Beside a couple of exceptions, all the other companies seems keen on supporting service continuity in Rel-17.

	Moderator Proposal
	Service switching between unicast/multicast should be supported as well as service continuity. It has to be studied together with SA2 which part of the system is responsible for these requirements, i.e. which parts are up to RAN and which not.


3.3.2 Control of the transmission area 

	Question
	The requirements on the dynamic control of the transmission area should be discussed, e.g. dynamic adaptation of SFN area, easy turning on broadcast/multicast resources in some cells, while turning it off in others, etc.. Please share your opinion on this aspect below.

	Moderator Summary
	We received 24 inputs from 28 companies. Beside a couple of exceptions, all the other companies seems keen on dynamic control of the transmission area in Rel-17.

	Moderator Proposal
	Dynamic control of the transmission area should be supported. This can take different forms depending on the technical solution (e.g. SFN vs. SC-PTM/MC-PTM), so details need to be studied.


3.3.3 Reliability of the transmission

	Question
	A few companies mentioned that the reliability of the transmission in Multicast/Broadcast should be guaranteed in some way (for example by using some form of UL feedback). Which level of reliability do we need to aim for?

	Moderator Summary
	We received 23 inputs from 27 companies. Beside a couple of exceptions, all the other companies seems keen on studying methods to improve reliability, depending on service requirements, in Rel-17.

	Moderator Proposal
	The level of reliability should be based on the requirements of the different services/applications. Study the need for some form of UL feedback or other ways to improve reliability for the more demanding agreed use cases. 


3.3.4 Any other general key requirement not mentioned in the sections above

	Question
	Any other key requirement that can be applied to all the use cases and scenarios that has not been mentioned above and it is worth considering?

	Moderator Summary
	We received 11 different inputs from 15 companies.  Various aspects were mentioned.

	Moderator Proposal
	A few guidelines and optimizations that can be considered in the SI/WI were mentioned. Not much can be easily agreed at this stage.


3.3.5 Specific requirements for specific use cases

	Question
	As mentioned above, companies can point to sections of documents containing specific requirements rather than copy large tables below and comment on what we should care about in Rel-17 and what we can consider e.g. in another release. 

	Moderator Summary
	We received 13 different inputs from 15 companies. 

	Moderator Proposal
	A few useful references have been given, they need to be further checked to agree on what we are aiming for in Rel-17. 


3.4 Organization of the “work”

	Question
	There are a few options on how to organize the “work” on NR Multicast/Broadcast from a project management point of view. The main options seem to be: A) a Rel-17 SI followed by the Rel-17 WI, B) a work item starting with a short study phase or C) a Rel-17 SI that lasts for the whole Release 17, and postpone any possible WI to Rel-18. Companies are invited to express their preference.

	Moderator Summary
	We received 22 inputs from 24 companies. Only one company could accept C (or A), which means that there is consensus to have some normative specification work (i.e. a WI) to be concluded in Rel-17. There is substantial parity between A (14) and B (13), and not too much difference in the end, according to some comments. 

	Moderator Proposal
	Decide this in RAN#85 based on a short discussion, in order to allow the drafting of SID or WID in phase 2 of this email discussion.


3.5 Other comments

	Question
	Companies can provide additional comments here, if not covered by previous subsections


	Moderator Summary
	We received 6 different inputs from 6 companies.

	Moderator Proposal
	A few useful comments, but nothing to be formally proposed at this point in time.


4
Proposed way forward/actions for RAN#85

1) Endorse/note the moderator report.

2) Briefly discuss the proposals in section 3 “Conclusions” above to see which ones are agreeable and which ones require more discussion

3) In particular, as proposed in section 2.4 (and copied in 3.4), decide in RAN#85 whether to have A) or B): 

A) a Rel-17 SI followed by the corresponding Rel-17 WI (e.g. 6 months SI + 9 months WI) 

B) a REl-17 WI starting with a short study phase (e.g. 6 months study phase + 9 months work phase) 

This is to allow the drafting of SID or WID in phase 2 of this email discussion. 
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