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1	Introduction
In Rel.17 support for Multicast and Broadcast services (MBS) is added. In this paper we present our thoughts on the continued development in Rel.18. We think support for an extended cyclic prefix should be added, but no need to explore additional sub-carrier spacings. Regarding bands, support for NR on 450-470 MHz band should be added and support for LTE unicast and NR on 470-694/698 MHz should be specified.
[bookmark: _Ref178064866]2	Discussion
2.1	About SFN support
It is well-known that the use of Single Frequency Networks (SFN) can provide important coverage, Quality of Service (QoS) and spectral-efficiency improvements, compared to non-SFN, for cases with identical content across multiple cells. For Public Safety services, such as e.g. Mission Critical Push-to-Talk (MCPTT), the use of SFN is very beneficial for challenging reception conditions, including in-door, especially in rural parts of a network with macro sites and large ISDs.
In the Rel.17 Work Item for MBS (RP-193248) it is stated: 
SFN provides synchronized delivery of user plane packets over the air from different cells. No standardized support specifically for SFN, is provided in this WI. Any SFN operation is transparent to the UE, and any related synchronization is left to network implementation. The existing QCL framework (based on SSB and CSI-RS) is reused.
and
Any design decisions taken for this WI in Release 17 shall not prevent introducing the following features in future Releases:
· Standardised support of SFN over multiple cells above gNB-DU level;
We expect that Rel. 17 SFN operation of NR multicast/broadcast will be possible, based on network implementation. However, due to the reuse of legacy numerologies in Rel.17, any such SFN will need to be limited in size and/or inter-site distance (ISD). For e.g. challenging Public Safety use cases, as mentioned above, one may therefore consider enhancements of current NR numerologies. Any such enhancements have however to be balanced against UE complexity.
In the Rel.17 WID it is furthermore stated:
In order to facilitate implementation and deployment of the feature, the overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided). 
We believe the same approach should be taken in Rel.18. A reasonable balance could be to keep the set of current Rel.15 NR sub-carrier spacings (SCS) while specifying an extended cyclic prefix (CP) for the 15 kHz SCS.
This would allow the CP to be extended from current 4.66… µs to 16.66… µs, which translated to distance d_CP (multiplication with the speed of light) implies an increase from 1.4 km to 5.0 km. This distance refers to the maximum ISD where a UE would not (theoretically, with ideal network and receiver synchronization) experience any interference between any pair of adjacent BS signals, irrespective of relative power levels, see Fig 1. Considering the attenuation of distant BS signals, the size of the SFN can typically be larger than this.
[image: ]

Fig. 1 – The relation d2-d1 < d_CP is required for zero interference. This is true for all points in the triangle made up by the 3 adjacent BS (blue dots) for d_CP > d_ISD = d1+d2.
We think that introducing an extended CP in this way would allow for reasonably sized SFNs, to cater for the foreseeable Public Safety use cases and other potential use cases using a cellular infrastructure.
To cater for backwards-compatibility of pre-Rel.18 UEs (i.e. UEs not supporting the new CP), there will be a need to use a frame structure with mixed numerologies, so that – if needed – some slots would be transmitted with legacy Rel.17 numerologies and other slots with the new Rel.18 extended CP. Since the numerology is varying across slots, this implies that the transmitted signal uses different Bandwidth Parts (BWPs), as a function of the used numerology. Pre-Rel.18 UEs could then receive the legacy numerology slots as usual, and just ignore the slots with the new extended CP. Rel.18 UEs, on the other hand, could receive both types of slots.
Regarding possible Rel.18 architectural and/or network signaling support, specifically targeting SFN, we think the target use cases for NR multicast/broadcast are the same as for Rel.17 and SFNs would typically be relatively small and limited to be within one gNB-CU. This requires neither inter-gNB signaling nor frequent reconfigurations of the SFN area, hence the lack of need for network signaling additions. Similar to Rel.17, we also think network synchronization aspects, to achieve the required characteristics of transmitted SFN signals, should be left to proprietary implementation in Rel.18. To support large area HPHT SFN implementations, substantial numerology changes, similar to those already supported by LTE, are required. Any architectural/network enhancements to support such use cases would need to go together with corresponding numerology changes, which we do not support. In summary, we do not foresee any standardization need for architectural/network signaling-related functionality in Rel.18.
[bookmark: _Toc73993812]A Rel.18 work item on MBS should specify an extended cyclic prefix to improve performance in small SFNs.
[bookmark: _Toc73993813]A Rel.18 work item on MBS should not specify new sub-carrier spacings.
[bookmark: _Toc73993814]A Rel.18 work item on MBS should not specify additional architecture aspects nor additional network signaling (e.g. synchronization).
2.2	Rel.17 leftovers
Since Rel.17 is far from completed, it is difficult to judge, at this stage, whether there will be “leftovers” from Rel.17 that should instead be specified in Rel.18. If there are any remaining aspects of the Uu interface that would be necessary to make inter-cell SFNs work, these should also be added to Rel.18.
We cannot exclude that there will also be other aspects that will emerge as Rel.17 leftovers and would like to keep the door open for this, although this discussion can wait until more close to the end of the Rel.17 work. Generally speaking, leftovers from Rel.17 do not have a free pass to Rel.18 but must be evaluated together with other proposals in order to keep the scope of the WI manageable.
2.3	Spectrum bands
[bookmark: _Hlk73616789]2.3.1	470-694/698 MHz
With the new Rel.17 WI (RP-210907) for “New bands and bandwidth allocation for LTE based 5G terrestrial broadcast”, 3GPP will for the first time specify a band in the range 470-694/698 MHz, which is currently used for traditional High Power High Tower (HPHT) terrestrial broadcast TV. The band definition is, according to the WID, limited to LTE broadcast.
We note however, that for UEs that anyway support this band (for LTE broadcast) and anyway support – in addition to LTE broadcast – also LTE unicast and NR unicast/multicast/broadcast, it would be a small additional complexity to also support these additional modes in the new band, since all functionality is already in place.
We therefore think 3GPP, in Rel.18, should specify support also for LTE unicast and NR unicast/multicast/broadcast in this band.
[bookmark: _Toc73993815]In Rel.18, specify support for LTE unicast and NR unicast/multicast/broadcast in the 470-694/698 MHz band.
2.3.2	Band 31, 450-470 MHz
This band is currently specified for LTE, for Public Safety purposes. We think the current band definition should be extended to also include NR. All variants of NR should be supported in the band, i.e. NR unicast/multicast/broadcast.
[bookmark: _Toc73993816]In Rel.18, specify NR support for the 450-470 MHz band.

3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	A Rel.18 work item on MBS should specify an extended cyclic prefix to improve performance in small SFNs.
Proposal 2	A Rel.18 work item on MBS should not specify new sub-carrier spacings.
Proposal 3	A Rel.18 work item on MBS should not specify additional architecture aspects nor additional network signaling (e.g. synchronization).
Proposal 4	In Rel.18, specify support for LTE unicast and NR unicast/multicast/broadcast in the 470-694/698 MHz band.
Proposal 5	In Rel.18, specify NR support for the 450-470 MHz band.
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