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1 Introduction

Since the OOB interference from TV to the BS (both TDD and FDD) and TDD UE receiver can’t be mitigated by merely adopting the critical ACS parameters in the vicinity of a high power TV transmitter, the alternative solutions should be considered. So, ways was addressed in AWG report [1]: 1) administrations regarding network and operational deployment measures; 2) encourage the discretionary approach as long as the tough issue can be solved economically.
In this contribution, the co-existence between IMT and the TV with distributed low power and with centralized high power transmission architecture was analysed. In the end, two separate specification schemes relevant to the traditional centralized high power TV transmission architecture and the evolved distributed low power TV transmission architecture were proposed. 
2 The AWG-11 [1] conclusion and the agreed TV transmission parameters
2.1 The agreed TV transmission mask

In the attachment of [1], the TV transmission mask was given as shown in figure 1. Based on the OOB mask, the ACLR from the Channel 48 (686MHz ~694MHz) with 8MHz spacing to the IMT channel located on the band from 803MHz can be calculated: 110dB-32.8dB=77.2dB.
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Figure 1, The TV transmission mask
2.2 The agreed TV transmitter class

The four DTV transmission power class agreed in AWG was listed in table 1. The lowest power class is of the value 0.1KW, the highest power class is of the value 100KW.
Table 1, the DTV transmission power class

	Parameters
	DVB-T

	Channel bandwidth
	6MHz, 7MHz, 8MHz

	Used bandwidth
	5.71Mhz, 6.66MHz, 7.61MHz

	Channel occupancy
	ITU-R Rec. BT-1206

	Tx power (ERP)
	0.1, 1, 10, 100 kW

	Tx antenna height
	75m, 150m, 300m


3 Co-existence between IMT and the TV with centralised high power transmission architecture

Based on the TV transmission mask in figure 1 which was agreed in AWG, the OOB power from a TV transmitter on Channel 48 (686MHz ~694MHz) with 8MHz spacing into the IMT receiving channel close to 703MHz can’t be filleted out by additional ACS parameter.

As a common sense, the TDD BS receiver, FDD BS receiver and TDD UE receivers located at the vicinity of the TV transmitter, as shown in the area A as shown in figure2, will be blocked by the OOB power, no matter what ACS value was adopted. The exemplary isolation distance to mitigate the OOB interference was given in table 2.
For TDD BS transmission in the area B as shown in figure 2, to handle the OOB power of a TDD BS, the reasonable additional ACLR parameter is also a concern of TDD manufacturers. Only in area C as shown in figure 2, the co-existence is feasible since the TV power profile in this area have the proper strength: 1) for the receiver of a TD-LTE/LTE-FDD BS or TDD UE, the OOB power from the TV power profile is acceptable; 2) for the TV receiver, the OOB power from the transmission of TD-LTE BS or TDD UE is also acceptable, because the TV signal power is of the proper value to counter the OOB power of TD-LTE BS or TDD UE. 
[image: image2.png]V transmission tower

/ Power profile of TV transmission

Strong interference to
UE and eNB Rx

Acceptable
Strong interference

to TV Rx

interferences





Figure 2, IMT co-exists with TV with the traditional centralized high power transmission architecture. The interference cases in different area is different.
Table 2, the isolation distance with different TV transmission power class

	TV transmission power
	GB bandwidth
	Receiver bandwidth
	MCL (dB) 
	Space Isolation (dB)
	Isolation distance

(Km)

	0.1KW/(50dBm)
	9MHz(694 MHz ~703MHz)
	8MHz
	160 dB
	82.8
	0.4744

	1KW/(60dBm)
	9MHz(694 MHz ~703MHz)
	8MHz
	170 dB
	92.8
	1.5002

	10KW/(70dBm)
	9MHz(694 MHz ~703MHz)
	8MHz
	180 dB
	102.8
	4.7440

	100KW/(80dBm)
	9MHz(694 MHz ~703MHz)
	8MHz
	190 dB
	112.8
	15.0017


4 Co-existence between IMT and the TV with distributed low power transmission architecture

4.1 The evolved TV broadcasting architecture
To facilitate the co-existence between TV and IMT systems, one effective way is that the architecture of TV broadcasting evolved into a distributed low power transmission architecture. The evolved TV broadcasting architecture has the main characters: Only the low power transmitter will be adopted in this system, each low power transmitter cover a TV broadcasting cell with the dimension like the cellular cell. A group of the said TV broadcasting cell from a seamless coverage area with the required dimensions.
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Figure 3, IMT co-exists with the TV with evolved distributed low power transmission architecture. The mutual interference was mitigated by low power TV transmission
The typical transmission power of a low power TV broadcasting transmitter is of the value as a base station transmitter, from 43dBm to 50dBm. Thus the OOB power is also of the value as a base station transmitter. The co-existence between TV broadcasting and the IMT becomes an issue just like the co-existence between two IMT systems.

In a system with the said evolved TV broadcasting architecture, the low power TV broadcasting transmitter may be co-site deployed with the IMT base station, or/and be deployed at separate site, as shown in figure3.
With the evolved TV broadcasting architecture, the co-existence between IMT and TV can be ensured in all the area requiring effective TV signal coverage for the following reasons (the same reasons as in area C in figure 2).

 1) for the receiver of a TD-LTE/LTE-FDD BS or TDD UE, the OOB power from the TV power profile is acceptable; 
2) for the TV receiver, the OOB power from the transmission of TD-LTE BS or TDD UE is also acceptable, because the TV signal power is of the proper value to counter the OOB power of TD-LTE BS or TDD UE. 
Site sharing between IMT and the TV with evolved architecture may decrease the cost of the TV coverage. But, the interference from the OOB of a TV channel on the frequency close to 698MHz into the receiver of a TD-LTE BS or a TD-LTE UE on the sub-band adjacent to 703MHz, may become too high in case that the two base station belong to different operators closely located. Such kind of interference can be mitigated by site engineering as shown in table 3. To mitigate the OOB interference from a channel on the frequency 686~694MHz, the guard band of 9MHz is not enough. So a directional antenna was adopted and the mitigation results is shown in table 3. In the area covered be the bore sight of the antenna, the isolation distance is 1.1848km, while in the area corresponding to the back sight of the antenna the isolation distance is only 37.5 meters.  
Table 3, the isolation distance in case of low power TV transmission
	TV transmission power
	GB bandwidth
	Receiver bandwidth
	MCL (dB) 
	Space Isolation (dB)
	Isolation distance

(Km)

	
	
	
	Ant. Bore sight

(Ant gain: 15dB)
	Ant. back sight

(Ant gain: -15dB)
	Ant. Bore sight


	Ant. back sight


	Ant. Bore sight


	Ant. back sight



	0.02KW/(43dBm)
	9MHz(694 MHz ~703MHz)
	8MHz
	168 dB
	138 dB
	90.8
	60.8
	1.1848
	0.0375


The evolved TV broadcasting architecture is more expensive than the traditional one, but, fortunately for the co-existence purpose the evolved TV architecture is only required on a few specific TV channel which is near the band border. Further, the existing high power transmitter and the transmission tower may be used on the other TV channels. 
4.2 The site separation and frequency separation between different operators
To implement the co-existence between IMT and TV broadcasting with evolved in a geographical area, and to facilitate the site sharing between the two systems, both site separation and frequency separation between different operators are required. Figure 4 shows the corresponding spectrum allocations scenario on band from 703 to 803MHz to ensure the required frequency separation. 
In figure 4, the TV broadcasting transmitters are co-site located with the base station of operator 1, and the required separation between TV transmission and the BS reception of operator 1was kept by the isolation band which including the spectrum allocated to operator 2 and the spectrum from 694 to 703MHz. The required separation between TV transmission and the BS reception of operator 2 was kept by the isolation band 694 to 703MHz and by the BS site separation between opertor1 and operator2.
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Figure 4, mitigate the mutual interference between IMT and TV with distributed low power transmission: both site separation and frequency separation are required.
4.3 Discussion on the required UE and TD-LTE BS transmission parameters
According to the probabilistic study in 2.3.2.2 of [1], with the increase of the ACIR value, the outage probability decrease dramatically, see figure 5 below. The analyses in [1] also revealed that the limitation outage probability is much higher in the edge area of a TV broadcasting cell where usually the TV signal power is very weak.

In the case of TV broadcasting with evolved distributed architecture, the TV signal strength distribution in the whole coverage area will be much more uniform than the cases with centralised TV transmission. This means that there is neither too strong signal nor too weak signal in the TV coverage. So the TV signal with reasonable strength can well counter the OOB interference from the transmission of TD-LTE BS and/or LTE UE  
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Figure 5. Higher received TV signal power results in a higher ACIR which mitigates an existing OOB interference with determined power (From figure 5(b) of [1]: increasing DTV outage probability occurred by the interference from LTE UE)
With traditional centralised high power TV transmission, AWG give the conclusion: “it was concluded that the average out of band emissions of IMT UE,  measured over the bandwidth of the applicable television channel in the country of deployment, must not exceed -34  dBm/MHz below 694 MHz”. For UE, the value -34  dBm/MHz is very tough. For TD-LTE BS, the value -34  dBm/MHz is even tough. Taking a 46dBm TD-LTE BS with 10MHz channel bandwidth and with a 15dB antenna gain as an example, to keep the OOB power below -34  dBm/MHz, the BS transmission filter must rolling down the (46+15)=61dBm/10MHz=51 dBm/1MHz to the value of -34  dBm/MHz below 694 MHz .To do so, the filter must have a 85dB power eliminating capability over a 9MHz rolling down bandwidth. It is really an tough issue if it is not impossible. 

But, with evolved distributed architecture, the value -34  dBm/MHz could be greatly relaxed for UE transmission .And also, the existing OOB requirement in the current specification is possibly be reused especially in the cases that the TV and the TD-LTE are co-site or close site deployed.    
	


5 Proposal

To facilitate the co-existence standardization between IMT and TV at the band edge of 896MHz， We propose to separate the co-existence issues into two different cases:

1) Co-existence with traditional TV broadcasting architecture;

2) Co-existence with evolved TV broadcasting architecture.
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