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1 Introduction
An MBSFN channel model has now been agreed [1] and demodulation scenarios for MBMS mixed mode suggested in [2]. However, MBSFN requires synchronized base stations so the cell phase synchronization accuracy should also be considered, for the cyclic prefix must also accommodate any BS synchronization inaccuracy in addition to the propagation delays. It turns out that this is not case for the combination of the agreed MBSFN propagation model and the required BS synchronisation accuracy, which makes the suggested test scenarios less relevant. 

In this contribution we consider some modifications to the proposed scenarios in view of the BS synchronisation requirements. We begin by looking at the relation between the agreed propagation model and the cyclic prefix. 

2 The channel profile and the CP
Normally in OFDM system design, the excess delay of the channel should not exceed the cyclic prefix length. The excess delay is the delay of the “last” significant multipath component relative to the “first” detected component. The most dispersive channel for PDSCH tests is ETU that has an excess delay of 5 s, which is just about the length of the normal cyclic prefix (4.7 s). The RMS delay spread of ETU is 1 s, the “standard deviation” of the delay profile and a measure of the distribution of significant multipath components. The definition of the excess delay is subject to a choice of a peak-to-spurious ratio of the peak component to the smallest component considered for inclusion in the profile; for collection of data this is normally around 15 dB. However, for demodulation performance for MBSFN and its various associated modulation and coding schemes we consider components that are more than 15 dB below and have a large delay. The agreed MBSFN model (Table 1) has an excess delay of 28.5 s but significant components are still within 13 s, which is shorter than the Extended Cyclic prefix used for MBSFN (16.67 s). Some room should also be reserved for synchronisation delays, which means that the delay profile is not perfectly fit into the cyclic prefix. The delay spread is 4.4 s.
From a deployment perspective, we note that the channel model has three different clusters of components corresponding to three different cells from which the UE receives the PMCH. The relative path delays of the first components of the two last clusters are 3.7 km and 8.2 km, respectively. Hence the cell sizes implied are large, of the order of 10 km for the largest cell in the MBSFN cell area if the received cells are perfectly synchronised. 
MBSFN requires synchronised cells: any synchronisation error must also be accommodated by the cyclic prefix assuming a certain propagation condition, which we shall consider next.  

Table 1: the MBSFN channel model
	Delay [ns]
	Power [dB]

	0
	0

	30
	-1,5

	150
	-1,4

	310
	-3,6

	370
	-0,6

	1090
	-7

	12490
	-10

	12520
	-11,5

	12640
	-11,4

	12800
	-13,6

	12860
	-10,6

	13580
	-17

	27490
	-20

	27520
	-21,5

	27640
	-21,4

	27800
	-23,6

	27860
	-20,6

	28580
	-27


3 BS synchronisation requirement and impact on received profile
Synchronisation requirements for base stations are only specified for TDD BS, see excerpt from TS 36.133 below:
7.4
Cell phase synchronization accuracy (TDD)

7.4.1
Definition
Cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.
7.4.2
Minimum requirements

The cell phase synchronization accuracy measured at BS antenna connectors shall be better than the requirement specified in table 7.4.2-1. If a cell’s coverage area overlaps with another cell with different cell radius then the cell phase synchronization accuracy corresponding to the larger of the two cell sizes applies to the overlapping cells with different radii. 
Table 7.4.2-1  Cell phase synchronization requirement (TDD)
	Cell Type
	Cell Radius
	Requirement 

	Small cell
	( 3 km
	( 3 (s

	Large cell
	> 3 km
	( 10 (s


Remark that these are relative differences as measured at the antenna connectors of the BS. The channel model used implies cell ranges larger than 3 km, whence the 10 s minimum requirement applies. This constitutes a significant part of the cyclic prefix of 16.6 s; with cell ranges exceeding 3 km (10 s path delay) the excess delay of the combined time delays due to the synchronisation inaccuracy and the propagation profile may exceed the cyclic prefix. 
First a simple example: consider a frequency-flat propagation condition with just a single component in the delay profile, and a 3 km path difference between two received cells and that the ratio of the absolute path distances is two (one cell must then have a radius > 3 km). Supposing a 35∙log(d) path loss dependence common in urban areas, the component from the delayed BS is received about -10 dB relative to the peak on average. If the UE synchronisation is such that the peak is put at right the start of the cyclic prefix, then the delayed base component may be delayed up to 20 s, which exceeds the cyclic prefix. 
The problem is exacerbated of the propagation condition is one of the clusters in the MBSFN profile. Let us assume that the last cluster of the MBSFN profile is instead one received from a cell that has a +10 s synchronisation error with regard to the second cluster and then has almost the same propagation delay. Its components are thus received at about the same magnitude as the second cluster (10 dB difference), and the delay profile would look like in Table 2. The excess delay is now 28 s, exceeding the cyclic prefix length, and the delay spread 8.5 s.
Table 2: the MBSFN channel model including BS synchronisation inaccuracy
	Delay [ns]
	Power [dB]

	0
	0

	30
	-1,5

	150
	-1,4

	310
	-3,6

	370
	-0,6

	1090
	-7

	12490
	-10

	12520
	-11,5

	12640
	-11,4

	12800
	-13,6

	12860
	-10,6

	13580
	-17

	27490
	-10

	27520
	-11,5

	27640
	-11,4

	27800
	-13,6

	27860
	-10,6

	28580
	-17


One could of course assume that the MBSFN model already includes BS synchronisation errors, but then the difference of the magnitudes of the components in the cluster should be smaller (delays more due to synchronisation inaccuracy than path delays that give different attenuation). Nevertheless, already the simple example above indicates that cell sizes > 3 km and the minimum synchronisation error are not compatible with the extended cyclic prefix using 15 kHz subcarrier spacing. 
4    Proposal
It appears that the cell ranges and path delays implied by the agreed MBSFN propagation model and the BS synchronisation errors cannot reliably be accommodated by the extended cyclic prefix with a 15 kHz sub-carrier spacing. In order to make the scenarios for the MBMS demodulation performance requirements more relevant, it is therefore proposed that 

1. if a 15 kHz sub-carrier spacing is retained, cell sizes < 3 km are considered along with a new propagation model such that the BS synchronisation inaccuracy can be accommodated by the cyclic prefix
2. a 7.5 kHz sub-carrier spacing is used if the current propagation model is used.
. Furthermore, synchronisation accuracy should also need to be specified for FDD BS for support of MBMS. 

Comparing to the PDSCH performance requirements one notes that the ETU model covers most urban area scenarios and larger cells so relevance of the test cases from system performance is ensured, even if additional cases with extended cyclic prefix could be considered for very large cells. Inter-BS synchronisation is obviously not an issue for PDSCH. 
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