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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In this contribution we discuss and analyze the need for Extended Cyclic Prefix (ECP) in NR MBSFN.
2	Discussion
For the general case of MBSFN we have to have:
CP ≥ ΔTsync + ΔTpropagation + Tchannel		(1)
where:
CP : 			Cyclic prefix
ΔTsync : 		Cell Phase Synchronization
ΔTpropagation : 	The difference between frame start of carriers received from different sites
Tchannel : 		The radio channel dispersion
In LTE TS 36.133 the existing rel-16 specification looks like this:
[bookmark: OLE_LINK374][bookmark: OLE_LINK375]7.25	Cell phase synchronization accuracy for MBMS services (FDD)
7.25.1	Definition
[bookmark: OLE_LINK399][bookmark: OLE_LINK400][bookmark: OLE_LINK401]Cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells that have overlapping coverage areas in the same MBSFN area.
7.25.2	Minimum requirements
[bookmark: OLE_LINK409][bookmark: OLE_LINK410][bookmark: OLE_LINK411][bookmark: OLE_LINK407][bookmark: OLE_LINK408]For eNodeB capable of supporting MBMS services, the cell phase synchronization accuracy measured at BS antenna connectors shall be better than the requirement specified in table 7.25.2-1.
Table 7.25.2-1: Cell phase synchronization requirement for MBMS services (FDD)
	CP length for MBSFN subframe
	Requirement 

	16.67 µs
	£ 5 ms

	33.33 µs
	£ 5 ms

	[bookmark: OLE_LINK140][bookmark: OLE_LINK139]200 µs
	£ 5 ms

	100 µs
	£ 5 ms

	300 µs
	£ [5] ms






Note 1: 	When MBSFN subframe using is configured for a MBSFN area, the CP length for MBSFN subframes is 16.67µs. When MBSFN subframe using  is configured for a MBSFN area, the CP length for MBSFN subframes is 33.33µs.When MBSFN subframe using  is configured for a MBSFN area, the CP length for MBSFN subframes is 200µs. When MBSFN subframe using  is configured for a MBSFN area, the CP length for MBSFN subframes is 100 µs. When MBSFN subframe using  is configured for a MBSFN area, the CP length for MBSFN subframes is 300 µs.
The LTE case was analyzed in [1] where CP = ECP = 16.67 µs was used together with ΔTsync = 5 µs, 
ΔTpropagation = 6.67 µs (2 km) and Tchannel = 5 µs (Extended Typical Urban-ETU). Using Equation (1) we then get:
CP ≥ ΔTsync + ΔTpropagation + Tchannel
16.67 µs ≥ 5 µs + 6.67 µs + 5 µs 
This analysis was based on the key observations that LTE MBMS shall:
· Not be limited to specific small areas with very symmetric RF propagation (small ΔTpropagation)
· Not be limited to areas with small channel delay spread (Tchannel)
· Avoid very strict sync which would not be compatible with e.g.  LTE TDD (3 µs) and become a bottleneck for introducing the service.
Observation 1: LTE MBMS based on ECP is able to fit reasonable requirements for the difference between frame start of carriers received from different sites, Cell Phase Synchronization and radio channel dispersion.
[bookmark: _Hlk89075661]For the case of NR we have for SCS = 15 kHz a CP = 144*64 Tc = 4.69 µs. This is very limiting to fit sum of difference between frame start of carriers + Cell Phase Synchronization + radio channel dispersion.
Observation 2: NR MBMS with CP = 144*64 Tc = 4.69 µs does not fit sum of difference between frame start of carriers + Cell Phase Synchronization + radio channel dispersion.
Proposal 1: Introduce Extended Cyclic Prefix (ECP), as an integral part of any rel-18 NR MBS WI.
3	Conclusion
Observation 1: LTE MBMS based on ECP is able to fit reasonable requirements for the difference between frame start of carriers received from different sites, Cell Phase Synchronization and radio channel dispersion.
Observation 2: NR MBMS with CP = 144*64 Tc = 4.69 µs does not fit sum of difference between frame start of carriers + Cell Phase Synchronization + radio channel dispersion.
Proposal 1: Introduce Extended Cyclic Prefix (ECP), as an integral part of any rel-18 NR MBS WI.
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