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1    Introduction 
The localised transmission used in LTE may necessitate a carefully specified spectrum mask. The “roofing” provided by the SEM provides some confidence that all parts of the adjacent channel have some degree of protection. For UMTS the ACLR could do this since the transmitted signals are coded across the whole bandwidth. 
The need for normative spectrum emission masks or just ACLR requirements is interesting with regard to the LTE uplink control channels (PUCCH) that are located at the edges of the channel. This will make the control channels particularly prone to adjacent channel interference even if a robust MCS is used. The chosen SEM should provide sufficient confidence that the PUCCH is protected in order to make the system as robust as possible. The scenario for E-UTRA with its SC-FDMA and localised use of the available channel bandwidth is quite different from that of UTRA. In the latter case the interference is smoothed out over the entire carrier, and the ACLR duly integrated provides some comfort. 

Is a normative spectrum mask with sufficient “roofing” in the neighbourhood of the operating band (passband) justifiable for E-UTRA to protect the PUCCH? In this contribution we look at a co-existence scenario in which two operators are using 5 MHz channels in two adjacent frequency blocks. No guard band is assumed between these.  
2     The uplink control (non-associated data)
The control L1/L2 signalling (e.g. ACK/NACK and/or CQI) from a given UE is deferred to the RBs at edges of a carrier in case there is no UL data scheduled in the same slots. The UE is assigned a code, and PUCCHs from different UEs can be code multiplexed (CDM) on the same blocks, see Figure 1.


[image: image1.emf] 

frequency

1 ms subframe

resource i

resource i

resource  j

resource  j


Figure 1. Physical uplink control channel

The band edge hopping will provide some interference averaging, and there is effectively a guard band to reduce OOB emissions from the UL data. However, if there is adjacent interference at one of the edges, this may have an adverse effect on control channel performance and may impact the ACK/NACK performance with obvious implications on the DL data.
3    OOB emissions

Now, is there a problem with OOB emissions from an uncoordinated (for example) UE into the UL control channels in a neighbouring frequency block? [1] provides some results for which phase noise and IQ-imbalance impairment were considered. The IQ-imbalance (e.g. amplitude errors) will produce a “mirror” RB and the IP3 of the PA will then produce further peaks in the OOB region, see Figure 2 [1]. Furthermore, if LO-leakage is considered, spurious components may be generated by IM just outside the operating band even if there are only a few RBs allocated. The OOB emissions just outside the carrier emanating from a full 25 RB allocation are more obvious.     
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Figure 2 Spectrum mask principle for LTE with 5 MHz RF bandwidth 


Is a UE mask that is not “too loose” needed to limit the OOB emissions into UL control channels in a neighbouring carrier? This would indeed be a challenge given the number of bandwidth options for LTE, but may nevertheless be needed. If not done, the ACLR concept based on smoothing the interference across a UTRA victim (for example) may have to be overspecified to ensure sufficient attenuation just outside the edges of the carrier.
4    Inter-operator interference

Are these OOB emissions a problem? We look at a case in which victim UEs in a 5 MHz carrier are subject to an uncoordinated aggressor in the immediate neighbour 5 MHz carrier licensed to a different operator, see Figure 3. 

First we consider the range of coupling loss (CL) that is likely for LTE, valid for both the victim and the aggressor networks. UL control channels that are code multiplexed can be received at SNR down to about -10 dB within the RBs (intra-TTI hopping over two 180 kHz assumed here) assuming a TU model. The sensitivity with a 5 dB noise factor is then a staggering
 -174 dB[mW/Hz] + 56 dBHz + 5 - 10 = -123 dBm. 
If the maximum output power is set to 23 dBm the CL may be up to 146 dB (path loss up to 161 dB with the antenna arrangements assumed in TR 36.942), i.e. around 138 dB excluding the slow fading margin. For comparison, we observe that GSM900 speech is about 133 dB at the 50% level. This maximum CL for PUCCH is about the same as the corresponding value for the UL user plane measured at 100 kbps over a 4.5 MHz bandwidth according to [2] (path loss seems to be confused with CL in [2]).  The available uplink rates for data and other signalling would of course be negligible at around 140 dB average CL, and the UE would reselect to another cell (if available) corresponding to a lower CL. In order to avoid making any assumptions on coupling loss (received level) of the victim PUCCH in this simplified analysis, it is better to look at the noise rise in the victim eNode B receiver caused by the aggressor. First we assume that there is no co-channel interference. In our case the eNode B noise level then corresponds to a max CL of 136 dB at the x-percentile level;. The minimum CL is assumed to be MCL = 70 dB.      
Next, suppose that the aggressor UE(a) is transmitting at its maximum power. Suppose furthermore that the attenuation supplied by its UE transmission mask is aagg dBc/RB w r t the aggressor UE power in its occupied bandwidth and measured in the spectral region just overlapping the control channels (i.e. one RB) at the band edge of the adjacent victim carrier. Now, if the aggressor causes a noise rise at the edge of the adjacent carrier this will have an impact on the reception of cell-edge victim UEs, a 1 dB noise rise corresponds to a I/N = -6 dB. Hence, if the CL of the aggressor (at full power) w r t the victim eNode B is in the range
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then the aggressor will desensitize the victim eNode B at its UL control channel frequency region (we assume digital filtering at the appropriate RB bandwidth). If  aagg is 30 dBc, and MCL = 70 dB then any aggressor in the range 70 < CL(a) < 112 dB will create more than 1 dB noise rise. A the 50% level (slow fading margin excluded), the range is 

70 < CL(a) < 104 dB,

e.g. a range exceeding 30 dB. If the aggressor is at lower power, then this 34 dB range is reduced accordingly by the back-off. This will of course also reduce the OOB emissions since the UE PA as not as close to compression. Now, if there is co-channel interference from PUCCH in neighbouring cells, this range will be reduced. This means that the aggressor UE needs to be closer to the victim BS in order to cause any worries. 
What is the likelihood that the aggressor will be at full power w r t to its own eNode B? According to Power Control Set 2 the x-percentile path loss is 133 dB. If the slow fading margin is set to 8 dB then the average PL is 125 dB for the urban case in [3]. Using the path loss equation for antenna heights 15 m above the roof-top level (see [3]), the propagation models imply that the UE (victim or aggressor) will never transmit at maximum power for a sector radius of 500 m. In practice the antenna height may lower and the path loss higher, and the model is not very accurate at short distances (there must not be free-space). Hence the co-channel interference will be further attenuated, but an aggressor at high power may still be close to a victim BS at low path loss. Nevertheless, for the assumed scenario in [3] in which base stations are high above the mean roof-top level for reuse 1/1 (or even 1/3), the PUCCH will be mostly co-channel limited. 

Just increasing the cell range to 1 km and assuming a lower antenna height (5 m) the path loss increases to 137 dB and the UE will be using full power in about 30% of the cell. Lower antenna heights (below roof tops) are probably needed for sufficient throughput in a reuse-one system like LTE to reduce co-channel interference even if MIMO is used. Adjacent channel interference from a neighbouring frequency block may then be more important. 
If the radius of the macro-cell is further increased (e.g. sub-urban or rural), then the area in which the aggressor uses full power increases assuming the same power control set. Recall that the maximum path loss is up to 160 dB. The risk of interference for all scenarios above obviously assumes UE(a) uplink data or control channels scheduled at the edge of its channel where the OOB emission is at its worst or such that e.g. IM OOB products are overlapping the adjacent victim control channels. Is this likely?
The situation is easier if the victim and aggressor eNode Bs are co-sited since power control is used. 
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Figure 3. Interference scenario with an aggressor UE(a) is in the same sector as the victim UE(v). The aggressor eNode B cell is not co-sited.
It is perhaps not surprising that it may be difficult to use adjacent carriers when localised transmission is used, that is chunks of RBs in the DL, single-carrier data blocks and PUCCH RBs in the UL. Other systems use spectral spreading like UTRA (interference averaged), or use OFDM coded across the entire band for each time slot like 802.11g at 2.4 GHz, or simply use a lower reuse where carriers are separated like GSM.   
Some proposed SEM
Some of the proposed masks for the 5 MHz channel options are summarised in [4], Figure 4 below is borrowed from this contribution. We see that the allowed power over a RB may be up to -8 dBm over a RB coinciding with the adjacent PUCCH using a 24 dBm UE. Hence the aagg is about 30 dBc measured over a RB. This will hopefully be a lot better in real implementations but some limit is desirable.
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Figure 4. SEM proposals.

If the aggressor network is using a 20 MHz channel the problem may be worse assuming a simple scaling of the UE(a) SEM. 
Other scenarios

If in the intra-operator case sectors using different frequencies (e.g. if reuse 3 is used) are not co-sited the same problems appear. 

A home eNode B scenario for which the home Node B is obviously not co-sited with a macro site and different frequencies are used might present similar problems. This phenomenon is very similar to the “dead zones” that may appear between uncoordinated deployments of UMTS networks using adjacent frequencies. 

Conclusions
What to do? The case studied indicates that there may be a potential problem with control channel interference between operators, even if the co-channel interference within the operator’s own networks is expected to be very dominant in many cases. The ACLR concept will not help in itself (unless unduly overspecified) since this will not guarantee sufficient protection in a certain part of the band, the edge in the above case. One could also reduce the operating band (to something less than 90%), but the effect of this only marginal. A spectrum mask that yields adequate aagg at the adjacent band is probably the best bet. This will provide a roofing at the highest UE power. 

The use of different bandwidths in adjacent licensed blocks may also motivate a properly specified UE mask with some roofing to decrease the risk of adjacent interference. 

Maybe just fingers crossed that the aggressor will not be at high power. The calculations above are of course very rough and more detailed studies may be needed. Furthermore, we have also looked at a particular case that does not assume any particular cell layout, and not considered average capacity loss like in TR 36.942 in a uniform hexagonal cell layout. Detrimental interference can of course never be completely avoided and even if the mask would be significantly tighter, there will still be a slight risk. But provisional results suggest it could be reduced.   
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