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1. Introduction
Recently, there has been discussion of the benefits of delivering E-MBMS over a ‘standalone’ carrier [1]

 REF _Ref137796738 \r \h 
[2] as a means of efficiently exploiting unpaired spectrum assets and enhancing the overall value of the LTE system specification. Several modes of such unpaired E-MBMS may be envisaged. In one mode, UE’s would be capable of supporting transmission and reception on a conventional LTE FDD carrier pair while simultaneously receiving unpaired E-MBMS traffic on an separate carrier frequency or frequency layer. In another mode, UE’s would receive on the unpaired E-MBMS carrier, but only while not simultaneously transmitting on the LTE FDD carrier pair reverse link, and so on.
This contribution provides:

a) a simplified assessment of RF platform impact on such simultaneous and non-simultaneous unpaired E-MBMS modes of operation. The resulting impact on mobility and call control aspects of unpaired E-MBMS operation is then discussed.
b) since ACLR and ACS requirements for LTE are still the subject of discussion, the assessment is based on the well-established ACLR and ACS parameters applicable to 5MHz UMTS carriers. This provides early insight while still allowing the issue to be re-assessed once formal ACLR and ACS requirements for LTE are established.
Note that eNB-eNB interference issues are also potentially significant for such scenarios, but are not considered here.
2. Unpaired E-MBMS Receiver Operation and ACLR
The conceptual transceiver block diagram of Figure 1 illustrates two example unpaired E-MBMS performance-limiting cases of interest. In the figure, the unpaired E-MBMS receiver path of a dual-mode UE platform – i.e. an LTE FDD transmitter-receiver plus an unpaired E-MBMS receiver – is subject to:
a) self interference – from the associated FDD transmitter operating on the same platform, 
b) co-located UE interference – from a nearby or co-located UE whose FDD transmitter is active.
It is well understood that simultaneous operation of the FDD transmitter can result – via ACLR (adjacent channel loss ratio, TS 25.101 Section 6.6.2.2) – in reduction of unpaired E-MBMS receiver sensitivity. It is also clear that this same-platform, self-interference process can lead to unpaired E-MBMS receiver performance loss due to blocking. The co-located interference scenarios are similar, with the exception that the antenna coupling loss between the co-located UE interferer and unpaired E-MBMS UE reduces the interfering FDD UE reverse link power level observed at the antenna connector of the unpaired E-MBMS receiver (reference point ‘A’ in Figure 1).
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Figure 1 – Example unpaired E-MBMS self and proximal interference scenarios.
As stated above, assuming for illustration the 5MHz ACLR performance requirements currently applicable to UMTS, the impact of FDD PA out of band emissions on unpaired E-MBMS receiver operation as a function of the frequency difference between the FDD reverse link channel and the unpaired E-MBMS channel is summarised in Table 1. The table illustrates, for different frequency offsets between the FDD reverse link and unpaired E-MBMS receiver carrier frequencies, the impact of self- and co-located interference for nominal LTE FDD transmitter PA power levels of +24dBm and +7dBm at the antenna. The 3GPP-specified ACLR performance requirements (TS 25.101, Table 6.11) for adjacent (5MHz offset) and 2nd-adjacent (10MHz offset) ACLR of 33dB and 43dB respectively are augmented by example ACLR values for 15MHz and 20MHz frequency offsets of 58dB and 65dB.
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Table 1 – ACLR-induced in-band interfering power in unpaired E-MBMS receiver.
The effect of a co-located UE is modelled in Table 1 via a UE-UE path loss of 46.4dB (see Appendix A).
Assuming a UE noise figure of 9dB and noise-equivalent bandwidth of 3.84MHz (clearly, some adjustment is applicable to E-MBMS – this will be applied as the EUTRA numerology is finalised), the total in-band thermal noise power is -99.1dBm. For a maximum noise rise of 1dB, a maximum interferer input level of 
-105dBm is permissible.

Table 1 indicates, however, that for a +24dBm FDD output power level, even with a 20MHz separation between the reverse FDD carrier and unpaired E-MBMS frequency the self interference level could be as high as -61dBm, which would render a simultaneous LTE FDD and unpaired E-MBMS mode impracticable. 
For the co-located case, Table 1 also indicates that for a co-located UE operating at +24dBm and at 1m separation from the unpaired E-MBMS receiver, the in-band interference is approximately -70.4dBm at 10MHz offset, and -90.4dBm at 15MHz offset. Again, these levels significantly exceed the requirement of 
-105dBm for 1dB noise rise. Table 1 indicates, however, that for a +7dBm FDD output power level, the U-MBMS in-band interference level at 10MHz offset is at an acceptable level of -107.4dBm, and suggests that depending on the UE-UE separation assumption and final LTE RF parameters, a 10MHz guard band  between the unpaired E-MBMS receiver and LTE FDD transmitter (i.e. 15MHz between carrier frequency centres) may be sufficient for the co-located case only.
3. Unpaired E-MBMS Receiver Blocking
Table 2 lists the blocking levels offered to the unpaired E-MBMS receiver by self- and co-located UE interference mechanisms for frequency offsets in the range 10-20MHz.
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Table 2 – U-MBMS blocking level vs. UE-UE separation.
The TS 25.101 blocking requirements (Table 7.6) specify blocking signal input levels of -52dBm at 10MHz offset and -44dBm at 15MHz offsets (and beyond).
It can be seen from Table 2 that
a) in the range 10-20MHz, self-interference blocking levels are too high for both +24dBm and +7dBm LTE FDD radiated power cases, and simultaneous operation again appears infeasible.
b) co-located UE blocking levels too high for +24dBm UE operation at 1m separation; but potentially acceptable at larger spatial separations.
4. Applicability of Target Noise Rise
It has been suggested that systems incorporating multi-order downlink macro-diversity such as an unpaired E-MBMS single frequency network (SFN) could potentially relax the receiver noise rise target of 1dB applied above.
Further insight here can be obtained by considering the distribution of the total received signal power (including both the nominal serving cell and all of the SFN-contributing neighbour cells) using network simulation parameters (Appendix B) based on the EUTRA Case 3 network performance evaluation criteria [2].
The resulting distribution of mean unpaired E-MBMS received power (i.e. the sum of the power received from all contributing cells, when all cells are assumed to participate in the SFN) appears in Figure 2. It can be seen that for the +24dBm case the ACLR-induced self-interference levels listed in Table 1, even at 20MHz offset (-61dBm), exceeds the 95%-ile total received power from the SFN network, while the co-located interference level at 10MHz offset (-90.4dBm) is approximately equal to the 20%-ile distribution level of total received power from the SFN. Neither interference level would be acceptable given the target E-MBMS spectral efficiency target of 1bps/Hz. 
Notably, at 20MHz offset, the co-located interference level drops to -107.4dBm, which is well below the 5%-ile level of SFN-delivered U-MBMS power.
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Figure 2 – Total SFN Rx power distribution (see Appendix B).
5. Simultaneous Operation of a Standalone E-MBMS Carrier
In [4] it has been pointed out that – at least in the case of UTRA –  there may be additional complexity issues associated with simultaneous operation of a standalone MBMS carrier and an FDD carrier pair. Some or all of these concerns may also be applicable to E-MBMS, specifically:
1. Mobility related signaling - a location or routing area update may cause a significant interruption in the reception the E-MBMS session,
2. Call control - signaling prior to a mobile terminated call to permit the user to be informed of the caller identity before making a decision whether to prioritize the incoming call or the ongoing E-MBMS session,
3. Simultaneous unicast and E-MBMS – i.e. the combination of unpaired broadcast/multicast and unicast services during e.g. browsing and broadcast service access.
Hence the need for simultaneous operation of a standalone E-MBMS mode should be approached with some caution unless mechanisms are developed to ensure simultaneous unicast support to address the above issues.
6. Unpaired E-MBMS Deployment Scenarios
Naturally, Table 1 and Table 2 indicate that the influence of FDD self- and co-located interference levels on the viability of simultaneous and non-simultaneous unpaired E-MBMS modes are strongly dependent on the frequency offset between the FDD reverse link and unpaired E-MBMS carrier frequencies.
Potential bands – illustrated in outline form in Figure 3 – for unpaired E-MBMS include:
a) the band originally allocated to IMT-2000 terrestrial TDD operation (1900-1920MHz)
b) the 2010-2025MHz band, and

c) FDD downlink in the range 2570-2620MHz.
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Figure 3 – Potential spectrum for U-MBMS deployment bands.
The bands 1900-1920MHz and 2010-2015MHz appear in more detail in Figure 4, where it can be seen that
a) in the 1900-1920MHz band, the minimum frequency separation between an LTE FDD transmission and unpaired E-MBMS receiver is in the range 5-20MHz, while

b) in the band 2010-2025MHz, the separation between the FDD transmitter and U-MBMS receiver is in the range 35-50MHz.
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Figure 4 – Sub-2.5GHz unpaired bands – detail.
In combination with Table 1, this provides some instructive examples, suggesting:
a) simultaneous operation of an LTE FDD transmitter in Band I and an unpaired E-MBMS receiver in the band1900-1920MHz would not be feasible,

b) non-simultaneous operation of an LTE FDD transmitter in Band I and an unpaired E-MBMS receiver in the band 1900-1910MHz may be feasible but a 10MHz guard band is required,
c) simultaneous and non-simultaneous operation of unpaired E-MBMS in the band 2010-2025MHz appears feasible when interaction with LTE FDD in Band 1 is considered.
Clearly, other band combinations would be applicable to LTE FDD, and the above scenarios are examples only.
7. Conclusions
Since final ACLR, ACS and blocking requirements for LTE are not yet established, this contribution can only provide illustrative examples of the potential impact of RF architectural constraints on unpaired E-MBMS. Nevertheless, the present analysis suggests that while co-located interference scenarios can also be problematic, self-interference in the UE means that the viability of simultaneous LTE FDD unpaired and E-MBMS operation mode is not guaranteed, and is highly dependent on the deployment and spectrum scenario. Accordingly, basing the physical and logical design of an unpaired E-MBMS specification on the assumption that simultaneous operation is readily achievable in all circumstances should be approached with some caution. The design of any unpaired E-MBMS mode for LTE should take into account RF architectural constraints when establishing requirements for accessing any companion unicast FDD carrier for mobility and call control purposes.
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9. Appendix A – UE-UE Coupling Loss Calculation
The effect of UE-UE antenna coupling is represented in Table 1 via a simple free-space loss assumption at a reference distance of 1m. Specifically, the UE-UE coupling loss is computed from the standard free-space loss equation
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where 
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 is the carrier frequency, 
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Further assuming 8dB of antenna plus body loss in the region of 2GHz [3] gives a total coupling loss of
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As a result, and as reflected in Table 1, assuming a 1m UE-UE separation at 2000MHz gives a UE-UE coupling loss of 46.4dB.

10. Appendix B – System Simulation Parameters
	Parameter
	Units
	Value
	Comment

	Number of Rings
	Rings
	3
	

	Total # Sites
	Sites
	37
	

	Sectors (cells) per site
	Sectors
	3
	

	Carrier Frequency 
	MHz
	2000
	

	Inter-site Distance (ISD)
	m
	1732
	Cell radius = 1000m

	BS Antenna Gain & Cable Loss
	dBi
	14.0
	

	Sector Antenna Gain
	dB
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 is angle w.r.t. antenna bore sight. 
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 is 3dB antenna beam width.

	BS Front-Back Ratio (
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)
	dB
	20.0
	

	Sector Antenna 3dB Beamwidth
	degs
	70.0
	

	Path Loss Model
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	UMTS 30.03, Section B.1.4.1.3

	Penetration Loss
	dB
	20
	

	BTS Output Power
	dBm
	43.0
	

	MS Noise Figure
	dB
	9.0
	

	Shadowing Lognormal Standard Dev.
	dB
	8.0
	

	Shadowing Inter-site Correl. Coeff.
	
	0.5
	

	Shadowing Intra-site Correl. Coeff.
	
	1.0
	

	Power Control
	
	Disabled
	Maximum power radiated continuously per cell.
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