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1    Background
SouthernLINC Wireless suggested that several additional co-existence studies be included as part of the extended 850 Study Item in R4-104697 [2].  That contribution contained proposed section headers for the specific co-existence studies that SouthernLINC Wireless recommends for inclusion in the Technical Report. 
During presentation of R4-104697 [2], it was suggested that one additional interference case be added within 7.2.1.  This contribution adds the corresponding section heading.  Given the unique configuration of the band plan in the Southeastern United States where two separate iDEN operators currently share the ESMR allocation, this contribution also clarifies that the suggested LTE to iDEN co-existence studies should apply to both the lower band (806-824/851-869 MHz) and the upper band (814-849/859-894 MHz) by adding the appropriate section headings within 7.2.2.
2   Proposal

It is proposed that the text below is incorporated into the TR on the extended 800 MHz band [1]. 
References
1. R4-104462, “3GPP TR 37.806 V0.5.0 (2010-11)”, Ericsson, ST-Ericsson 
2. R4-104697, “TP for TR 37.806v0.5.0: Co-existence Studies”, SouthernLINC Wireless

TEXT PROPOSAL:

<start of text proposal>
7
Study of E-UTRA requirements

<text will be added>
7.1
Band and channel arrangement

<text will be added>
7.2
Coexistence with other technologies

7.2.1
The range 806-824/851-869 MHz

This section addressed some of the potential coexistence issues that could occur depending on the markets.
7.2.1.1
LTE vs. Public Safety

Public Safety typically uses lower number of and higher towers than a LTE system. In addition, Public Safety operators typically design their networks to operate down to the noise floor. With LTE and Public Safety deployments being quite different, interference issues could arise.

LTE BTS Tx OOBE (  NB PS portable

Assuming

· The Tx noise from an LTE BS is at most 6dB below NB PS Portable Rx noise floor.

· NB PS Portable NF = 9dB

· NB PS Portable antenna gain = -6dB

The Tx noise must be less than -127.0dBm/6.25kHz

Assuming FCC rule 90.691 [90.210] and Industry Canada RSS-119 [90.691] are used for the BS Unwanted Emission limits, the LTE BTS Tx emission levels are -3dBm/MHz or -25dBm/6.25kHz.

Assuming an LTE BS antenna gain of 16dB, antenna feed loss of 3dB and 70dB path loss between the LTE BS and NB PS portable, an additional 45dB of attenuation is required.

If using 70 dB port to port isolation, which is less stringent than 70dB MCL assumption, TX filter requirement = 38dB.
At least 1MHz guard band with RF filter is potentially needed to obtain the additional isolation.
LTE BTS Tx Power (  NB PS portable (Blocking)

LTE UE Tx OOBE (  NB PS BTS receiver

LTE UE Tx Power (  NB PS BTS receiver (blocking)
7.2.1.2
LTE vs. iDEN and other users of the band

While co-location of LTE with iDEN should help the interference, co-location might not always be possible. If LTE and iDEN deployments are not co-located, interference could be an issue, especially if the deployments are very different (e.g., cell size, antenna height, etc).

The interference between LTE and iDEN is studied here.   

LTE BTS TX OOBE ( iDEN portable

If FCC rule 90.691 [90.210] and Industry Canada RSS-119 [90.691] are for the BS Unwanted Emission limits, the LTE BS Tx emission levels are -3dBm/MHz as noted in the previous section or -19dBm/25kHz  The maximum tolerable interference level is

-127dBm assuming a 1dB desense criteria, and the interference from LTE BS Tx noise is  -89dBm/25 KHz assuming 70dB port to port isolation. Therefore 38dB of additional attenuation is required.

Guard band potentially needed is at least 1 MHz.

LTE BTS TX Power (   iDEN portable (Blocking)

Assuming iDEN portable adjacent channel selectivity of 80dB and a receiver noise floor  of -121dBm, the maximum tolerable interference level at the iDEN receiver is -41dBm. With the LTE BTS Tx power of 43dBm/5MHz and 70 dB port to port isolation, no additional attenuation is required.
LTE UE Tx OOBE (  iDEN BTS receiver

LTE UE Tx Power (  iDEN BTS receiver (blocking)

7.2.1.3
UE to UE and BS to BS coexistence issues at 849-851 MHz 

While BS to BS coexistence might be feasible with filters and site engineering, the UE to UE coexistence might be more difficult to achieve and is FFS. 

LTE BTS Tx Power (  LTE BTS Receiver (Blocking)

LTE TX Pout = 43dBm/5MHz 

Assuming minimal coupling loss between LTE BTS and LTE BTS is 50dB, then the interferer level at LTE BTS is -7dBm/5MHz 

From 3GPP TS 36.104 Table 7.5.1-3 Adjacent channel selectivity for Wide Are BS and Table 7.6.1.1-1 Blocking performance requirement for Wide Area BS, the minimum LTE receiver protection assuming 6dB desense is -52dBm for adjacent channels and -43dBm for other in-band channels. Adjusting for a more realistic 1dB desense allowance, the corresponding adjacent and alternate channel protection becomes -63dBm and -54dBm respectively.

Therefore an additional 56dB of protection is required for an interferer in the adjacent channel spectrum, while interferers elsewhere in band will only require an additional 47dB of protection.

LTE BTS Tx OOBE (  LTE BTS Receiver

Assuming a 1dB desense criteria, the Tx noise from LTE BS (5MHz channel) must be more than 6dB below the LTE BS Rx noise floor. With an LTE BS NF of 5dB, the Tx noise must be less than -115dBm/MHz. Assuming FCC rule 90.691 [90.210] and Industry Canada RSS-119 [90.691] has emission limits, the LTE Tx power in the LTE Rx bandwidth is -13dBm/100KHz or -3dBm/MHz. Assuming a coupling loss between LTE Base Stations of 70dB or less, an additional 32dB of suppression is required.

The 2MHz guard band (849-851 MHz) with RF filter on the BTSs could be enough for certain typical deployments. 

7.2.1.4
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 separation distances. 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 BTS Receiver

With the following assumptions:

Assume requirement = TX noise < 6dB below LTE BTS RX noise floor (1dB desense criteria)

LTE BTS NF = 5dB 

LTE BTS antenna gain = 16dB

Antenna feed loss = 3dB

TX noise < -174dBm - 6dB + 10log(1.4EE6) + 5dB - 16dB + 3dB < -126.5dBm/6MHz

Figure 7.2.1.4-1 below shows the FCC emission requirements and typical emission performance for TV based on a sampling of FCC filings.
DTV antenna gain = 15dB

DTV feeder loss = 3dB 

Assuming that DTV Tx Pout is 80dBm. If 0MHz guard band is assumed, the FCC rule gives the OOBE of 26.7dBm / 1.4MHz (Figure 2). Then, antenna to antenna path loss = 26.7 + 15 - 3 + 126.5 = 165dB. 

For the typical OOBE performance of -1.3dBm / 1.4MHz (figure 2), antenna to antenna path loss is 137dB.  

Figure 7.2.1.4-1: FCC Part 73.622 (h) (red curve) and typical performance (green curve)
If 3MHz guard band is assumed, the FCC rule gives the OOBE of -1.3dBm / 1.4MHz. Then, the required antenna to antenna path loss is 137dB. 

For the typical OOBE performance of -39dBm / 1.4MHz, the required antenna to antenna path loss is 99.4dB.  

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

For the typical OOBE performance of -66.3dBm / 1.4MHz, the required antenna to antenna path loss is 72dB.

Table 7.2.1.4-1 hows the required separation distance needed for TV and LTE BS based on ITU-R P. 1546 path loss model.
Table 7.2.1.4-1: Separation distance for TV and LTE BS based on OOBE

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 BTS Receiver (Blocking)

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

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

A guard band is recommended to achieve the desired additional protection. 

7.2.1.5
Conclusions

For coexistence within the band itself with other systems like PS, iDEN, etc at least a 1MHz guard band may be required based on OOBE and Blocking studies. For coexistence with DTV, a guard band will be required if the TV transmitter occupies the spectrum adjacent to the low end of the proposed band. The UE to UE coexistence at 849-851 MHz is for further study.

IM may be another item for further study.

7.2.2
The range 814-849/859-894 MHz
7.2.2.1
Region 2 specific

In this section we start by discussing co-existence problems with regard to the FCC limits in the United States. We consider the range 817-824/862-869 MHz and unwanted emissions below the block edge at 817 MHz in particular, but the results are also applicable near any block edge (or to spectrum adjacent to interior channels used by incumbent licensees) within the entire range 806-849/851-894 MHz.
7.2.2.1.1
UE interference into Public Safety in the United States

First we look at interference from an aggressor UE in the ESMR band 817-824/862-869 MHz (the available extension of Band 5 in the United States) a victim Public Safety device or control station below 816 MHz (use of the Expansion Band) with regard to the applicable FCC emission limits describe in Section 5.3.2.1. The resolution bandwidth is not defined in the FCC rules but we follow the RSS-119 (and the historical) use does that define the measurement bandwidth as 300 Hz at frequency offset less than 37.5 kHz from channel edge and 100 kHz for frequency offsets greater than 37.5 kHz. Results for 1 MHz resolution bandwidth is also given for the latter case. The emission limits that would apply are -20 dBm/0.3kHz at an offset between 12.5 kHz and 37.5 kHz from the ESMR block, and -13 dBm/100kHz beyond 37.5 kHz. 

For the UE unwanted emission results we assume a transmitter that just meets the LO leakage and IQ image minimum requirements for Rel-8, and with a counter-IM3 at -60 dBc (full power). The graphs show the emission at the antenna port assuming no additional attenuation provided by the duplexer the lower band edge of which is 814 MHz. 
Figure 7.2.2.1.1-X shows the results for a 1.4 MHz channel with its lower edge at 817 MHz, hence a 0.16 MHz guard between the ESMR lower edge and the lowest PRB of the transmission configuration. We observe that a limit of -20 dBm/0.3 kHz would be met at an offset between 12.5 kHz and 37.5 kHz for both a 1 and 6 PRB allocations: there is a margin of up to 10 dB under the above assumptions. 
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Figure 7.2.2.1.1-X: emission for the 1.4 MHz bandwidth for 300 Hz RBW for small offsets from 817 MHz

The results for a resolution bandwidth of 100 kHz are shown in Figure 7.2.2.1.1-X2. For offsets greater than 37.5 kHz we assume that the first measurement position is at an 87.5 kHz offset from the allocated block with the 100 kHz bandwidth. We observe that the limit -13 dBm/100 kHz is not met for the 1 PRB allocation at offset smaller than 100 kHz from the block edge: power back-off or a guard created above 817 MHz is needed based on the assumed transmitter performance and PA model. For most devices the performance should exceed the minimum, but there are also other tolerances not considered herein. Results for a wider frequency range are shown in Figure 7.2.2.1.1-X3, the    -13 dBm/100 kHz limit is met at an offset of 100 kHz away from the block edge at 817 MHz for the PRB allocations considered.
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Figure 7.2.2.1.1-X2: emission for the 1.4 MHz bandwidth with 100 kHz RBW for small offsets from 817 MHz
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Figure 7.2.2.1.1-X3: emission for the 1.4 MHz bandwidth with 100 kHz RBW

The corresponding results for the 5 MHz channel centred at 819.5 MHz are shown in Figure 7.2.2.1.1-X4 for the range around the lower ESMR block edge. We observe that a limit of -20 dBm/0.3 kHz would be met at an offset between 12.5 kHz and 37.5 kHz for all PRB allocations studied. The results for 100 kHz resolution bandwidth are shown in Figure 7.2.2.1.1-X5: the limit -13 dBm/100 kHz is not met for offsets smaller than 300 kHz from the block edge for the 5 PRB allocation: the same results over a wider frequency range are shown in Figure 7.2.2.1.1-X6. The intermodulation products (wider than 100 kHz) stay below the limit. 
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Figure 7.2.2.1.1-X4: emission for the 5 MHz bandwidth with 300 Hz RBW for small offsets from 817 MHz
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Figure 7.2.2.1.1-X5: emission for the 5 MHz bandwidth with 100 kHz RBW for small offsets from 817 MHz

Figure 7.2.2.1.1-X7 shows the corresponding results for the 1 MHz resolution bandwidth. Assuming that the first measurement frequency is 537.5 kHz, the limit -13 dBm/MHz is not met close in to the carrier, and a third order intermodulation product also exceeds this limit. 
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Figure 7.2.2.1.1-X6: emission for the 5 MHz bandwidth with 100 kHz RBW
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Figure 7.2.2.1.1-X7: emission for the 5 MHz bandwidth with 1 MHz RBW

To sum up, to meet the FCC requirements (Section 5.3.2.1) for the ESMR block, 

· a limit of -20 dBm/0.3 kHz would be met at an offset between 12.5 kHz and 37.5 kHz for all PRB allocations studied for the 1.4 and 5 MHz bandwidths,

· for the 100 kHz resolution bandwidth, the limit -13 dBm/100 kHz would require a guard of up about 100 kHz and 300 kHz (taken inside the ESMR band) for the 1.4 and 5 MHz bandwidths, respectively

· for the 1 MHz resolution, a moderate power back-off is needed to meet the -13 dBm/MHz bandwidth. 

Assuming that the resolution bandwidth is 100 kHz, an A-MPR could be configured to avoid the necessary guards just above 817 MHz. The duplex filter with the lower edge at 814 MHz would not provide sufficient attenuation of the intermodulation product for the 1 MHz resolution bandwidth. However, for the 100 kHz resolution bandwidth,

· the limit -13 dBm/100kHz is met in the public safety band 806-815 MHz (uplink), including the expansion band up to 816 MHz (Figure 5.1.2.2-X).   

<results for15 MHz bandwidth for the upper block edge at 849 MHz>

7.2.2.1.2
BS interference into Public Safety

Here we consider the interference from an aggressor BS in the ESMR band 817-824/862-869 MHz to a victim Public Safety service below 861 MHz (use of the Expansion Band) with regard to the applicable FCC emission limits describe in Section 5.3.2.1.
In TS 36.104 section 6.6.3.3, additional operating band unwanted emission limits for E-UTRA band < 1GHz comes from FCC rule Title 47 part 22. The comparison of the additional requirements in TS 36.104 with the requirements from FCC 90.691 and RSS-119 is shown in Figure 7.2.2.1.2-1. For example, the higher channel edge of the carrier is at 865MHz.
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Figure 7.2.2.1.2-1 Comparison of additional requirements in 36.104 with FCC 90.691
As can be seen from the figure above, the requirements from FCC 90.691 and RSS-119 are much stricter than additional requirements defined in TS 36.104. 

Simulations for 1.4MHz, 3MHz and 5MHz with 300Hz and 100 kHz RBW are carried out to evaluate the emission requirements from FCC 90.691 and RSS-119. Simulation assumptions are listed below:

· RB allocation for different channel bandwidth: Maximum RB’s

· Output power: Max 43dBm

· Spectrum shaping filter: 0.1dB Ripple and 50dB rejection
· ACLR=45dB
Figure 7.2.2.1.2-2 shows the results for a 5 MHz channel with its lower edge at 862 MHz, hence a 0.2425 MHz guard between the ESMR lower edge and the lowest PRB of the transmission configuration. The ACLR of the PA model is 45dBc and the RBW of the spectrum is 300Hz. The limit of -20 dBm/0.3 kHz could be met easily at an offset between 12.5 kHz and 37.5 kHz for full RB allocation.
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Figure 7.2.2.1.2-2 Emission for the 5 MHz channel bandwidth with 300Hz RBW
The results for a resolution bandwidth of 100 kHz is shown in Figure 7.2.2.1.2-3. For offsets greater than 37.5 kHz, the limit -13 dBm/100 kHz is not met at near end close to the channel edge based on the assumed PA model.
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Figure 7.2.2.1.2-3 Emission for the 5 MHz channel bandwidth with 100kHz RBW
The ACLR of a real PA for BS should be better than 45dBc. Figure 7.2.2.1.2-4 shows a typical measurement ACLR for 5MHz channel bandwidth carrier at 46dBm output power. Therefore, the FCC requirements (Section 5.3.2.1) for the ESMR block could be met for BS with 5MHz channel bandwidth.
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Figure 7.2.2.1.2-4 Measurement ACLR for 5MHz channel bandwidth (<1GHz band)

With regards to Figure 7.2.2.1.2-4, the simulation assumption is revised a little bit as:

· RB allocation for different channel bandwidth: Maximum RB’s

· Output power: Max 43dBm

· Spectrum shaping filter: 0.1dB Ripple and 50dB rejection
· ACLR=55dB
The corresponding results with 55dBc ACLR PA model, i.e. 10dB better than the specification, for the 1.4 MHz channel centred at 862.7 MHz are shown in Figure 7.2.2.1.2-5 for 300Hz resolution bandwidth and Figure 7.2.2.1.2-6 for 100 kHz resolution bandwidth. The limit of -20 dBm/0.3 kHz could be met at an offset between 12.5 kHz and 37.5 kHz, but the limit -13 dBm/100 kHz could not be met for offsets 37.5 to about 100 kHz from the block edge at 862MHz.
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Figure 7.2.2.1.2-5 Emission for the 1.4 MHz channel bandwidth with 300Hz RBW
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Figure 7.2.2.1.2-6 Emission for the 1.4 MHz channel bandwidth with 100kHz RBW
The corresponding results with 55dBc ACLR PA model, i.e. 10dB better than the specification, for the 3 MHz channel centred at 863.5 MHz are shown in Figure 7.2.2.1.2-7 for 300Hz resolution bandwidth and Figure 7.2.2.1.2-8 for 100 kHz resolution bandwidth. The limit of -20 dBm/0.3 kHz could be met at an offset between 12.5 kHz and 37.5 kHz, and the limit -13 dBm/100 kHz could also be met for offsets larger than 37.5 kHz from the block edge at 862MHz.
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Figure 7.2.2.1.2-7 Emission for the 3 MHz channel bandwidth with 300Hz RBW
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Figure 7.2.2.1.2-8 Emission for the 3 MHz channel bandwidth with 100kHz RBW
On the basis of the simulation results, we can summarize the conclusion as below:
· In the frequency region 12.5KHz <△f <37.5kHz, it is easy to meet the -20dBm/300Hz emission limit for BS with 1.4MHz, 3MHz and 5MHz channel bandwidth.

· In the frequency region △f >37.5kHz, the emission requirement of -13dBm/100kHz from FCC rules could be met for BS with 3MHz and 5MHz channel bandwidth. The limit -13 dBm/100 kHz is not met for offsets smaller than 100 kHz from the channel edge for the 1.4MHz channel bandwidth. Therefore, additional 100 kHz guard band is needed for 1.4MHz carrier configured at the band edge close to the public safety service. Please note that this is achieved with 55dBc ACLR at 43dBm as average performance, which is 10dB higher than minimum requirements.
7.2.2.1.3
UE interference into another iDEN operator within the upper band
7.2.2.1.4
BS interference into another iDEN operator within the upper band
<end of text proposal>
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