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Introduction

Coexistence studies for the E850 bands have been ongoing for several RAN4 meetings. There recently was a call for coexistence scenarios for the Upper E850 band, which were due on August 8th.  Many of these scenarios were addressed in TR 37.806 for the Lower E850 band, but not documented in the sections for the Upper E850 band (band 26).  This document proposes documenting some of the relevant Upper E850 band coexistence issues in the E850 TR.

Discussion

All of the analysis and text contained in this proposal was generated from the coexistence sections for the Lower E850 band in the E850 TR.  The only modifications were to change the BS-BS coupling loss to 67 dB from 50 and 70 dB, as proposed by Nokia Siemens Networks in R4-114601 [1], along with minor editorial changes.

It was suggested that rather than copy the text from the sections for the Lower E850 Band to the sections for the Upper E850 band, that a new section be created for scenarios that impact both bands.  
Since change bars were already included in the Text Proposal, it would be too confusing to include additional change bars on the existing change bars for the proposed text.  The entire Text Proposal in R4-114065 subsequently was deleted and replaced with a new text Proposal.

Proposal
It is proposed that the attached text be approved and included in the Extended 850 MHz Study Item TR 37.806. 
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TEXT PROPOSAL:

<start of text proposal>

<start of text proposal for 7.2.1>

7.2.1
Coexistence scenarios for the range 806-824/851-869 MHz and 814‑849/859-894 MHz
<end  of text proposal for 7.2.1>

<start of text proposal for 7.2.1.4>




































	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	














	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	










<end of text proposal for 7.2.1.4>

<start of text proposal for 7.2.3>

7.2.3
The range 806-824/851-869 MHz

This section addressed some of the potential coexistence issues that could occur, depending on the market and deployment.
7.2.3.1
LTE vs. Broadcast TV below the band 

Interference from TV stations below the proposed UL band to LTE BS can be mitigated with filters on LTE BS, guard bands, site planning and physical separation. While these techniques will help with the receiver blocking issue, the out‑of‑band emissions from the TV transmitters can only be mitigated with additional filtering at the TV site or with frequency separation. Interference from LTE UEs to TV receivers is a similar issue to that found in Band 12 and will also need further investigation.

Two interference mechanisms are considered: OOBE and blocking. 
DTV Tx OOBE ( LTE BS Receiver

With the following assumptions:

· Assume requirement = TX noise < 6 dB below LTE BS RX noise floor (1 dB desense criteria)
· LTE BS NF = 5 dB
· LTE BS antenna gain = 16 dB
· Antenna feed loss = 3 dB

TX noise < -174 dBm – 6 dB + 10log(1.4e6) + 5 dB – 16 dB + 3 dB < -126.5 dBm/1.4 MHz

Figure 7.2.3.1-1 below shows the FCC emission requirements and typical emission performance for DTV based on a sampling of FCC filings.
· DTV antenna gain = 15 dB
· DTV feeder loss = 3 dB 

- DTV Tx Pout is 80 dBm
- 0 MHz guard band is assumed
The FCC rule gives the OOBE of 26.7 dBm / 1.4 MHz (Figure 7.2.3.1-1). Then, the required antenna‑to‑antenna path loss = 26.7 + 15 - 3 + 126.5 = 165 dB. 

For the typical OOBE performance of -1.3 dBm / 1.4 MHz (Figure 7.2.3.1-1), antenna‑to‑antenna path loss is 137 dB.  

Figure 7.2.3.1-1: FCC Part 73.622 (h) (red curve) and typical performance (green curve)
If 3 MHz guard band is assumed, the FCC rule gives the OOBE of -1.3 dBm / 1.4 MHz. Then, the required antenna‑to‑antenna path loss is 137 dB. 
For the typical OOBE performance of -39 dBm / 1.4 MHz, the required antenna‑to‑antenna path loss is 99.4 dB.  

If 6 MHz guard band is assumed, the FCC rule gives OOBE of -36.3 dBm / 1.4 MHz. Then the required antenna to antenna path loss is 102 dB.  
For the typical OOBE performance of -66.3dBm / 1.4MHz, the required antenna to antenna path loss is 72dB.

Table 7.2.3.1-1 shows the required separation distance needed between DTV and LTE BS based on ITU-R P. 1546 path loss model.
Table 7.2.3.1-1: Separation distance between DTV and LTE BS based on OOBE

[image: image6]
From the above analysis, a guard band may be required in regions where DTV transmitters are located in the spectrum immediately adjacent to the band.
DTV Tx Power (  LTE BS Receiver (Blocking)

Port to port isolation between DTV and LTE BS is assumed to be 71.2 dB based on typical antenna heights, antenna patterns and propagation model. This implies 96.2 dB DTV antenna to LTE BS antenna path loss. With DTV Tx output power at 80 dBm/6 MHz based on 92 dBm EIRP limit), the interferer level at LTE BS is 8.8 dBm / 6 MHz or 8 dBm / 5 MHz.

Per the analysis in Section 3.1, the adjacent and alternate channel protection is -63 dBm and -54 dBm respectively for 1 dB desense. Therefore an additional 71 dB of protection is required for an interferer in the adjacent channel spectrum, while interferers elsewhere in band will only require an additional 62 dB of protection.

A guard band is recommended to achieve the desired additional protection. 
Lower sub-band BS Rx blocking due to TV Tx

The TV band is located at the lower end of the sub-band 806~824MHz.
The path loss between the DTV antenna and the LTE BS antenna is assumed to be 96.2dB, as indicated above Assuming the LTE BS antenna gain is 16dB, and the antenna feeder loss is 3dB. The TV antenna gain is 15dB and TV feeder loss is 3dB. Then MCL between DTV and LTE BS is assumed to be 71.2dB based on typical antenna heights, antenna patterns and propagation model. With TV Tx output power at 80dBm/6MHz, the interferer level at LTE BS is 8 dBm / 5 MHz.
An additional 71 dB of protection is required for an interferer in the adjacent channel spectrum, while interferers elsewhere in band will require an additional 62 dB of protection for 1 dB desense. However, such isolation requirements are too stringent for the BS duplexer. Considering 6 dB desense, the protection requirements are 60 dB for an interferer in the adjacent channel spectrum and 51 dB for interferers elsewhere in band.

Table 7.2.3.1-2 gives the summary of the additional protection requirements for the lower Rx sub-band. 

Table 7.2.3.1-2: Summary of the additional protection requirements for lower Rx sub-band

	Rejection (dB)
	Freq (MHz)
	Requirement

	60
	806
	ACS requirement considering 6 dB desense

	51
	806
	in band blocking requirement considering 6 dB desense

	71
	806
	ACS requirement considering 1 dB desense

	62
	806
	in band blocking requirement considering 1 dB desense

	70
	851
	Rx rejection to the Tx band


Considering a 8 and 9 order cavity filter with 4000 un-loaded Q value, Figure 7.3.2.1-2 gives the evaluation of the BS duplexer with larger than 60 dB attenuation at the TV band. Additional 70 dB rejection to the Tx band is suggested for the Rx band. All the filter characteristics shown are examples only and do not preclude other implementations.
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Figure 7.3.2.1-2: Lower sub-band BS Rx filter evaluation
From the simulation results, a 9 order filter can meet the rejection requirement at the TV band. Taking into account the temperature and manufacturing margin, the insertion loss at 808 MHz is about 2.2 dB, which can be seen from the enlarged in-band insertion loss curve shown below in Figure 7.3.2.1-3.
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Figure 7.2.3.1-3: In-band insertion loss

Though the insertion loss at 808 MHz is larger than the normal value, it is still an acceptable value. However, 2 MHz guard band is needed to realize such an insertion loss result.
Based on the simulation results, in order to meet the ACS and in-band blocking requirements with 6 dB desense defined in TS 36.104 clause 7.5 and 7.6, for the lower sub-band BS Rx blocking due to TV Tx, additional 2 MHz guard band is suggested.
Lower sub-band BS Rx blocking due to 47 dBm TV repeater
The TV band is located at the lower end of the sub-band (806~824MHz). TV repeaters are deployed at the channel adjacent to 806 MHz in South America. The output power of the TV repeater is similar as a macro BTS. Therefore, the same parameter assumption as the macro BS is chosen in this analysis. The path loss between the TV antenna and the LTE BS antenna is assumed to be 93 dB. Assuming the LTE BS and TV antenna gain is 16 dB, and the antenna feed loss is 3 dB. Then MCL between TV repeater and LTE BS is assumed to be 67 dB based on typical antenna heights, antenna patterns and propagation model. With TV Tx output power at 47dBm/6MHz, the interferer level at LTE BS is ‑21 dBm / 5 MHz.
Considering 1 dB and 6 dB desense criteria, Table 7.2.3.1-3 gives the summary of the additional protection requirements for the lower Rx sub-band. 

Table 7.2.3.1-3: Summary of the additional protection requirements for lower Rx sub-band

	Rejection (dB)
	Freq (MHz)
	Requirement

	42
	806
	ACS requirement considering 1 dB desense

	33
	806
	in band blocking requirement considering 1 dB desense

	31
	806
	ACS requirement considering 6 dB desense

	22
	806
	in band blocking requirement considering 6 dB desense

	70
	851
	Rx rejection to the Tx band


For the 80 dBm TV broadcast, the corresponding rejection to meet ACS and in band blocking requirement considering 1 dB desense at 806 MHz are 71 dB and 62 dB respectively. Due to the smaller output power, the rejection requirements for the duplexer of the TV repeater are relaxed.

Considering a 7 and 8 orders cavity filter with 4000 un-loaded Q value, Figure 7.2.3.1-4 gives the evaluation of the BS duplexer with larger than 42 dB attenuation at the TV band. For the Rx to Tx rejection, considering the output power is 46 dBm, and the blocking requirement for LTE is -43 dBm, then the rejection requirement for the Rx filter is at least 89 dB. Currently, most BS receivers are implemented by a superheterodyne structure. A mixer is used to down convert the RF frequency to IF frequency. In such structure, image rejection filter before mixer is absolutely necessary. Image rejection filter is also a RF filter, which could provide additional rejection at Tx band. For example, typical RF saw filter using as an image rejection filter at Band 5 could provide at least 30 dB rejection at the Tx band. The distance between Tx and Rx band for E850 lower sub-band is larger than Band 5. Thus, from an implementation point of view, the image rejection filter could provide better rejection at Tx Band for E850 lower sub-band comparing with Band 5. Therefore, the rejection requirement for the duplexer Rx filter could be relaxed. Here, both 70 dB and 90 dB rejection to the Tx band are considered in the simulation for the Rx band. All the filter characteristics shown are examples only and do not preclude other implementations.
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Figure 7.2.3.1-4: Lower sub-band BS Rx filter evaluation with 70 dB and 90 dB rejection at Tx band
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Figure 7.2.3.1-5: In-band insertion loss of Rx filter with 70 dB and 90 dB rejection at Tx Band
From the simulation results, 8 orders filter can meet the 1 dB desense rejection requirement at the TV band. 2 zeros are needed to meet the 70 dB Rx to Tx rejection requirement and 3 zeros are needed for the 90 dB requirement. Taking into account of the temperature and manufacturing margin, the insertion loss at 807.5 MHz is less than 2 dB in both filter implementation cases.
Based on the simulation results, additional guard band is needed. The insertion loss at the lower edge of the RX band will decide the guard bandwidth. For the common used metal cavity duplexer, the insertion loss below 807.5 MHz could be larger than 3 dB. Other technology such as Non-TEM mode dielectric filter may improve the insertion loss with narrow guard band, but the volume or cost of the duplexer will increase greatly. The bandwidth of the guard band depends on the operator’s requirement and the BS vendor’s capability. It should be studied further and case by case in the real network scenario. 
<end of text proposal for 7.2.3>

<end of text proposal>
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