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1 Introduction
In RAN1#94bis the following agreements were reached regarding the analysis of requirements:
Agreement: 
“Gap analysis” can be based on all available techniques in Rel-14 and focuses on MBSFN and SC-PTM.

Agreement:
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.

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

In the following, companies are encouraged to input their views on the different requirements, including whether the requirements is relevant for dedicated networks or not, and whether the relevant requirement is met already by current specifications. A last column on ‘Comments’ will be used by the TR editor to create a text proposal

2	Requirements not involving simulations
2.1	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).
From evaluating the requirement for dedicated broadcast network perspective, the question is whether the dedicated broadcast network based on Rel-14 LTE supports existing Multicast/Broadcast services (e.g. download, streaming, group communication, TV, etc.) and new services (e.g. V2X, etc).
	Company
	Relevant
For
Dedicated?
	Met by current spec?
	Comments

	Qualcomm
	Yes
	Yes
	-	Broadcast/multicast for V2X supported since Release 13 (based on SC-PTM or MBSFN)
-	Broadcast TV services supported from Release 14	Comment by Huawei: Rel-9?
-	Broadcast/multicast for IoT devices (eMTC and NB-IOT) supported from Release 14

	Huawei, HiSilicon
	Yes
	Yes
	This requirement is relevant and can be met by current LTE specs:
· [bookmark: _Hlk528665035]Download, streaming, and group communication is supported since Release 13 (based on SC-PTM). 
-	Broadcast/multicast for V2X supported since Release 13 (based on SC-PTM or MBSFN)
-	Broadcast TV services supported from Release 149
· Broadcast/multicast for IoT devices (eMTC and NB-IOT) supported from Release 14 (based on SC-PTM)
 

	EBU, BBC, IRT
	Yes
	Yes
	Rel-14 LTE EnTV can support broadcast transmission modes that could be used to deliver linear TV type services.
It would be helpful for the final TR to include references to the 3GPP technical specifications that contain the information relevant to this requirement for both MBSFN and SC-PTM.

	Charter Communications
	Yes
	Yes
	· This requirement is relevant and can be met by current LTE specs
· Existing broadcast services and V2I broadcast can be supported with FeMBMS. V2V multicast can be supported using LTE D2D which includes a field “Group destination ID” in SCI that identifies a group of UEs for data reception. Furthermore, LTE V2X is designed for broadcast services. In Rel-14/15 LTE V2X, broadcast transmission is performed on (pre)configured PSCCH and PSSCH resource. 





2.2	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.
From evaluating the requirement for dedicated broadcast network perspective, the question is whether the dedicated broadcast network based on Rel-14 LTE supports dynamic adjustment of the Multicast/Broadcast area based on e.g. the user distribution or service requirements. 
	Company
	Relevant
For
Dedicated?
	Met by current spec?
	Comments

	Qualcomm
	Yes
	Yes
	MBMS service area for each service is configured in 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 (see ,TS 29.116) allows to configure the MBMS service area dynamically in the Create/Update Session procedure.

	Huawei, HiSilicon
	Yes
	TBC
	This requirement is relevant but out of RAN1 scope. Can send LS to RAN2/3/SA2 for confirmation. 

	EBU, BBC, IRT
	Yes
	TBC
	We would like to know how dynamic the adjustment of the broadcast/multicast area is, e.g. how many milliseconds are required to create or reconfigure an MBSFN service area. It is expected that the configuration should be possible with no perceivable service interruption e.g. is it possible to add individual or groups of transmitters, and is it possible to add or remove local services at short notice with no service disruption.
It would be helpful for the final TR to include references to the 3GPP technical specifications that contain the information relevant to this requirement.

	Charter Communications
	Yes
	Yes
	This is supported in (F)eMBMS 



2.3	Evaluation of Req.3
The new RAT shall support concurrent delivery of both unicast and Multicast/Broadcast services to the users. 
From evaluating the requirement for dedicated broadcast network perspective, the question is whether the dedicated broadcast network based on Rel-14 LTE supports concurrent delivery of both unicast and Multicast/Broadcast services to the users.
	Company
	Relevant
For
Dedicated?
	Met by current spec?
	Comments

	Qualcomm
	Yes
	Yes
	eNB can provide simultaneous unicast and broadcast transmissions:	Comment by Huawei: This requirement is about concurrent delivery of unicast service and multicast/broadcast service, instead of unicast transmission… so it is irrelevant. 
-	On the same carrier, by time-multiplexing MBSFN and non-MBSFN subframes (TDM)
-	On the same carrier, using SC-PTM for multicast/broadcast (can be TDM or FDM)
-	On separate carriers, using dedicated MBMS carrier for multicast/broadcast services. 

	Huawei, HiSilicon
	No
	NA
	This requirement is not relevant since the the dedicated broadcast network assumes there is no unicast service. 

	EBU, BBC, IRT
	Yes
	TBC
	While we recognize that the current SID focuses on dedicated broadcast networks, it is important that the system allows the integration of both broadcast/multicast and unicast components. A UE with unicast capability should be able to simultaneously receive the broadcast/multicast component as well as the unicast.
It would be helpful for the final TR to include references to the 3GPP technical specifications that contain the information relevant to this requirement. 

	Charter Communications
	Yes
	Yes
	This is supported in (F)eMBMS. The network can operate dedicated broadcast carriers in conjunction with carriers containing mixed or unicast-only traffic.



2.4	Evaluation of Req.4
The new RAT shall support efficient multiplexing with unicast transmissions in at least frequency domain and time domain.
From evaluating the requirement for dedicated broadcast network perspective, the question is whether the dedicated broadcast network based on Rel-14 LTE supports efficient multiplexing with unicast transmissions in at least frequency domain and time domain.
	Company
	Relevant
For
Dedicated?
	Met by current spec?
	Comments

	Qualcomm
	No	Comment by Huawei: This requirement is about multiplexing with unicast transmission, so it is relevant since dedicated network can have the service to be transmitted in unicast transmission. 
	Partially
	TDM between unicast and multicast/broadcast is possible for broadcast/multicast offered via SC-PTM and via MBSFN transmission. FDM is possible via SC-PTM but not via MBSFN transmission, because LTE does not support multiple numerologies in the downlink in the same subframe. 	Comment by Huawei: FDM is not possible via MBSFN, not because LTE does not support multiple numerologies in the downlink in the same subframe. Even though the same numerology is used in the downlink in the same subframe, FDM is not supported for MBSFN. 
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).


	Huawei, HiSilicon
	Yes
	Yes
	This requirement is relevant and can be met by current LTE specs. 
· SC-PTM supports multiplexing with unicast transmission in both frequency domain and time domain. 
· MBSFN supports multiplexing with unicast transmission in time domain. 


	EBU, BBC, IRT
	No
	TBC
	As set out in our reply to Req. 3, we believe that it is important that the system allows the integration of both broadcast/multicast and unicast components. Efficient multiplexing of broadcast/multicast and unicast should therefore be ensured. 
Although Rel-14 LTE supports the multiplexing of broadcast/multicast and unicast in time and frequency domains, it would be helpful if a 3GPP study could compare the relative efficiencies of these techniques alongside others such as non-orthogonal multiplexing. However, recognising the time constrains and scope for this study item, this analysis may be better done in a future study.

	Charter Communications
	Yes
	Yes
	This is supported in (F)eMBMS. The network can operate dedicated broadcast carriers in conjunction with carriers containing mixed or unicast-only traffic.



2.5	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).
From evaluating the requirement for dedicated broadcast network perspective, the question is whether the dedicated broadcast network based on Rel-14 LTE supports static and dynamic resource allocation between Multicast/Broadcast and unicast; whether the dedicated broadcast network based on Rel-14 LTE supports of up to 100% of DL resources for Multicast/Broadcast (100% meaning a dedicated MBMS carrier).
	Company
	Relevant
For
Dedicated?
	Met by current spec?
	Comments

	Qualcomm
	Yes
	Yes
	Possible allocations of MBSFN resources in a carrier are:
-	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 allocate between 80 and 100% to MBSFN.

	Huawei, HiSilicon
	Partially
	Yes for the partially relevant requirement
	The first portion of requirement is irrelevant since the dedicated broadcast network assumes there is no unicast service, so there is no need to support static and dynamic resource allocation between Multicast/Broadcast and unicast where unicast is understood as unicast service. 
The second portion of requirement is relevant and can be met by current LTE specs.
· The dedicated broadcast network assumed to be serving only MBMS service, which could be provided by a dedicated carrier using SC-PTM or MBSFN. 


	EBU, BBC, IRT
	Yes
	-Yes for MBSFN
-TBC for SC-PTM
	We would like to confirm that SC-PTM can be configured to support 100% of the downlink resources, the resolution of the allocation and the minimum number of resources for overheads such as synchronization and control information.
Given Agreement #1, it would be helpful for the final TR to include references to the 3GPP technical specifications that contain the information relevant to this requirement for both MBSFN and SC-PTM.

	Charter Communications
	Yes
	Yes
	Static and dynamic resource allocation between Multicast/Broadcast and unicast is already supported by means of MBSFN subframe configuration and unicast control region in MBSFN subframes. FeMBMS and LAA SCells support configuration of up to 80% MBSFN subframes. The dedicated MBMS carrier feature without unicast was introduced in FeMBMS.



2.6	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.
From evaluating the requirement for dedicated broadcast network perspective, the question is whether the dedicated broadcast network based on Rel-14 LTE supports Multicast/Broadcast network sharing between multiple participating MNOs.
	Company
	Relevant
For
Dedicated?
	Met by current spec?
	Comments

	Qualcomm
	Yes
	Yes
	Shared MBMS network was introduced as part of Rel-14 enTV.

	Huawei, HiSilicon
	Yes
	Yes
	This requirement is relevant but out of RAN1 scope. Can send LS to RAN2/3/SA2 for confirmation. 

	EBU, BBC, IRT
	Yes
	-Yes for MBSFN
- TBC for SC-PTM
	Rel-14 LTE EnTV focused on MBSFN, hence we would like to confirm whether the changes done to the technical specifications are also applicable to SC-PTM.
It would be helpful for the final TR to include references to the 3GPP technical specifications that contain the information relevant to this requirement.

	Charter Communications
	Yes
	Yes
	In Rel-14, operators can aggregate their MBMS networks into a shared MBMS content distribution platform in order to avoid broadcasting the same content at the same time over different networks.



2.7	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.
From evaluating the requirement for dedicated broadcast network perspective, the question is whether the dedicated broadcast network based on Rel-14 LTE supports to leverage usage of RAN equipment (hard- and software) including e.g. multi-antenna capabilities (e.g. MIMO) to improve Multicast/Broadcast capacity and reliability.
	Company
	Relevant
For
Dedicated?
	Met by current spec?
	Comments

	Qualcomm
	Yes
	Partially
	For MBSFN transmission, cyclic-delay diversity could be used in the eNB 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.
Support for MIMO for MBSFN transmission would be a major endeavour of substantial complexity and implementation impact.
For SC-PTM, transmit diversity (SFBC) is supported.

	Huawei, HiSilicon
	Yes
	Yes
	This requirement is relevant and can be met by current LTE specs:
· MBSFN uses a single antenna port for transmission but UE can have more than one antenna for reception. 
· SC-PTM uses multi-antenna capability, i.e., SFBC for transmission and UE can have more than one antenna for reception.


	EBU, BBC, IRT
	Yes
	TBC
	Consideration should be given to investigating whether extensions of or pragmatic modifications to existing RAN equipment may improve capacity and reliability e.g.:
· Reduction in reference signals density; 
· Reduction of the frequency guard bands; and
· CAS reception improvements.
LTE Rel-14 also has a wide set of additional technologies available for unicast such as MIMO and interference cancellation techniques. These should be briefly asses (e.g. list of potential technologies) to determine how they could improve the capacity and reliability of broadcast/multicast transmissions, while recognising the time constrains and scope for this study item. More detailed analysis may be better left for a future study. 

	Charter Communications
	Yes
	Partially
	FeMBMS PMCH does not support advanced MIMO capabilities such as multi-codeword or multi-layer transmission.



2.8	Evaluation of Req.10
The new RAT shall support Multicast/Broadcast services for mMTC devices.
From evaluating the requirement for dedicated broadcast network perspective, the question is whether the dedicated broadcast network based on Rel-14 LTE supports Multicast/Broadcast services for mMTC devices.
	Company
	Relevant
For
Dedicated?
	Met by current spec?
	Comments

	Qualcomm
	No
	Yes
	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.

	Huawei, HiSilicon
	Yes
	Yes
	This requirement is relevant and can be met by current LTE specs:
· NB-IoT and eMTC devices support broadcast services over SC-PTM.


	EBU, BBC, IRT
	-
	-
	No comment.

	Charter Communications
	Yes
	TBC
	It is not clear if LTE-based broadcast to mMTC (NB-IoT and eMTC) devices can be supported while satisfying the minimum connection density requirement of 1 000 000 device/km2 in urban environment. Further confirmation for this scenario is recommended.




3	Proposals
3.1	Requirement 1
For requirement 1, there seems to be consensus that this requirement is met by current specifications. We propose the following TP to capture the input:
< TP1, 36.776>
[bookmark: _Toc525122311]6.2	Req.1: Support for existing and new services
Different use cases/services are supported by Rel-15 LTE specification:
· Broadcast TV services are supported since Release 9, and enhanced in Release 14.
· Download, streaming, and group communication based on SC-PTM are supported since Release 13. 
· Broadcast/multicast for V2X is supported since Release 13 (based on SC-PTM or MBSFN transmission).
· Broadcast/multicast for IoT devices (eMTC and NB-IOT) is supported from Release 14 (based on SC-PTM).
Conclusion:
Relevant for dedicated networks: Yes
Requirement met by Rel-15: Yes
</ TP1, 36.776>
Proposal 1: Endorse TP1 as a conclusion for Req. 1.	Comment by David Vargas: We are generally fine with this. However, as per our reply to requirement #1, it would be helpful for the Technical Report to include a reference to most relevant clauses in the Technical Specifications that support these four bullet points above. Thank you.

3.2	Requirements 2 and 6
The features that meet these requirements seem to be outside the scope of RAN1. Thus, we propose to send LS to SA2 CC SA4/CT3

[bookmark: _Hlk528665932]<Template LS (TO: SA2, CC: SA4/CT3)>
1. Overall Description: 
RAN1 is currently evaluating whether Rel-14 LTE as baseline meets the 5G requirements defined in clause 9.1 TR 38.913 for dedicated broadcast networks. It is RAN1’s understanding that some of the requirements may be met by mechanisms that are defined outside RAN specifications. RAN1 would like to request feedback on whether the following requirements:	Comment by Huawei: If we decide to send LS, we’d better to avoid saying it is RAN1 understanding those requirement outside of RAN spec are met. Actually, we doubted it at least for the “dynamic adjustment….”
- The new RAT shall support Multicast/Broadcast network sharing between multiple participating MNOs, including the case of a dedicated MBMS network.
- The new RAT shall support dynamic adjustment of the Multicast/Broadcast area based on e.g. the user distribution or service requirements.
can be met by mechanisms specified in SA/CT groups and, if so provide, a brief description of the techniques/features and a reference to the relevant clauses in the Technical Specifications for inclusion in TR 36.776. 	Comment by David Vargas: Thank you for the proposal. We would like that, for completeness, references to the relevant clauses in the TS are added.

2. Actions to SA2:
RAN1 respectfully requests SA2 to provide feedback on the two requirements above.
</ LS>
Proposal 2: Send LS to SA2, CC SA4/CT3 regarding requirements 2 and 6 based on text on Template LS above.

3.3	Requirement 3
For requirement 3, three out of 4 companies think this is relevant for dedicated networks, since the UE can receive simultaneously from a dedicated network and a mixed/unicast network. Since there is no consensus on the applicability of this requirement for dedicated, the [yes] is in square brackets.
< TP2, 36.776>
[bookmark: _Toc525122313]6.4	Req.3: Simultaneous support for broadcast/multicast and unicast
Rel-15 LTE can provide simultaneous support for broadcast/multicast by the following means:
-	On the same carrier, by time-multiplexing MBSFN and non-MBSFN subframes (TDM)
-	On the same carrier, using SC-PTM for multicast/broadcast (can be TDM or FDM with unicast)
-    On separate carriers, using dedicated MBMS carrier for multicast/broadcast services. 

Conclusion:
Relevant for dedicated networks: [Yes]
Requirement met by Rel-15: Yes

</TP2, 36.776>
Proposal 3: Endorse TP2 as a conclusion for Req. 3 if it is understood the Req.3 is relevant.	Comment by David Vargas: We generally agree with your proposal; however we would like that, for completeness, references to the relevant clauses in the TS are added.
	- FFS whether the requirement is relevant for dedicated networks.
[bookmark: _Hlk528667316]3.4	Requirement 4
For this requirement, there seems to be consensus that it is met by current specifications. One input suggests to compare these techniques with others such as non-orthogonal multiplexing, but since that input also acknowledges the time constraint for this study, we make the following proposal.

< TP3, 36.776>
[bookmark: _Toc525122314]6.5	Req.4: Multiplexing of multicast/broadcast and unicast
Rel-15 LTE can support multiplexing of multicast/broadcast and unicast by the following means:
· SC-PTM supports multiplexing with unicast transmission in both frequency domain and time domain. 
· MBSFN supports multiplexing with unicast transmission in time domain. 

Conclusion:
Relevant for dedicated networks: [No]	Comment by Huawei: There is no consensus it is relevant, two companies said no, two companies said yes. 
Requirement met by Rel-15: [Partially]

</TP3, 36.776>
Proposal 4: Endorse TP3 as a conclusion for Req. 4 if it is understood the Req.3 is relevant.
- FFS whether the requirement is relevant for dedicated networks.
- FFS whether the requirement is met, i.e., whether the options available are efficient.	Comment by David Vargas: Due to time constrains, any further study may need to happen outside this SID.



3.5	Requirement 5
For this requirement, there seems to be consensus that both SC-PTM and MBSFN-based transmission support dynamic resource allocation, but some companies are not sure whether SC-PTM is supported in dedicated. Thus, the SC-PTM part is added in square brackets.
< TP4, 36.776>
[bookmark: _Toc525122315]6.6	Req.5: Dynamic resource allocation between multicast/broadcast and unicast and support for dedicated MBMS carrier
Rel-15 LTE can support dynamic resource allocation of broadcast and unicast.  For MBSFN-based transmission, the following partitions between unicast and broadcast are supported depending on the type of carrier:	Comment by Huawei: Our concern is still how to understand dedicated network, how to understand unicast. If talking about unicast, if it is relevant. 

We’d like to discuss more about it in the next meeting.  
-	Between 0%-60%: Pre Rel-14. 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.

[For SC-PTM transmission, partitions between 0 and 100% are supported, with 100% meaning dedicated carrier]
Conclusion:
Relevant for dedicated networks: Yes	Comment by Huawei: We still have concern on this yes. We need to align how to understand “dedicated” before we conclude it is yes. From our understanding, unicast service is not considered in dedicated broadcast network. 
Requirement met by Rel-15: Yes

</TP4, 36.776>
Proposal 5: Endorse TP4 as a conclusion for Req. 5.	Comment by Huawei: We’d like to discuss more about it in the next meeting.  
	Comment by David Vargas: We generally agree with your proposal; however we would like that, for completeness, references to the relevant clauses in the TS are added.
	- Further discuss and document how SC-PTM can be used in dedicated carrier.
3.6 Requirement 9
For requirement 9 there seems to be consensus that some basic aspects of multi-antenna are supported, but several other aspects were also brought up.

Proposal 6: For requirement 9:
· There is consensus that Rel-15 LTE can leverage the use of multiple transmit and receive antennas as follows:
· For SC-PTM, use of SFBC at the transmitter
· For MBSFN transmission, use of transparent precoder (e.g. CDD)
· At the receiver side, multiple receive antennas provide with diversity/array gain.
· Other potential enhancements, including:
· Support of multi-layer transmission
· Reduction in reference signals density; 
· Reduction of the frequency guard bands; and
· CAS reception improvements
Are to be further discussed.
3.7 Requirement 10
There seems to be consensus that this requirement is supported by LTE. Since the delivery of broadcast/multicast for mMTC UE is by means of SC-PTM, whether this is relevant for dedicated needs further study.
Editor’s note: One company proposes to further study whether the requirements of 1,000,000 device/km2 can be met. This requirement, however, should be met, since adding more devices to a network does not change the capacity of broadcast services.
< TP5, 36.776>
[bookmark: _Toc525122320]6.11	Req.10: Support for mMTC UE
Rel-15 LTE supports delivery of broadcast services to NB-IoT and eMTC devices by using SC-PTM.
Conclusion:
Relevant for dedicated networks: [Yes]
Requirement met by Rel-15: Yes

</TP5, 36.776>
Proposal 7: Adopt TP5 for requirement 10
	FFS: Whether the requirement is relevant for dedicated networks. 



4	Outcome of email discussion
NOTE: This section is added by the email convenor to include the outcome of email discussion for future reference. Rest of the document is left unchanged with respect to the one distributed in RAN1 reflector.
1. All proposals & TPs in the current document, along with the latest version on the LS by Alberto, are agreed, except: 
0. FFS proposal 5 & TP4
0. Replacing Rel-15 by Rel-14 in the proposals & TPs
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