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1	Introduction
[bookmark: _Toc286177644] In this contribution, we present simulation results for self-interference issues for new US 600 MHz band
2	Discussion
In this contribution, we discuss self-interference issues associated to new US 600 MHz band plan. Self interference is due to the fact that own Tx signal interferes with own downlink reception of 15 and 20 MHz channels due to small Tx-Rx separation (46 MHz)
Table 1. E-UTRA operating band
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	71
	663 MHz
	–
	698 MHz 
	617 MHz
	–
	652 MHz
	FDD



2.1 Simulation assumptions
PA calibration point was set so that uplink emissions just meet standard 3GPP requirements with allowed MPR
· PA calibration criteria
· General SEM
· General spurious emission requirement
· UTRAACLR1 = 33 dBc
· UTRAACLR2 = 36 dBc
· E-UTRAACLR = 30 dBc
· Duplexer TX and RX insertion loss: 4 dB
· Tx-Rx filter isolation = 50 dB between PA and antenna connector
· I/Q-image and LO-leakage = 28 dBc
· CIM3 = 60 dBc
· CIM5 = 70 dBc
· Diversity antenna isolation = 10 dB
· Maximal ratio combining does not exploit knowledge of noise+interference power in the RX branches.
· REFSENS values adopted from Band 20: -91.2 dBm for 15 MHz, -90 dBm for 20 MHz
· Finding an A-MPR value  that results in zero desens is an ill-posed problem, and will, theoretically, result in infinite A-MPR, since with MSD=0 there is no room for self-interference from the TX. Any finite A-MPR value obtained in a simulation would be due to finite signal length and the randomness of simulated signal and noise. Instead, we determined the A-MPR that leads to desens of 0.5 dB. Note that the obtained A-MPR values depend heavily on the MSD for which they are determined, especially at low MSD values. 
2.2 Results
Following IMD orders are problematic.
15 MHz: IMD3 reaches over 0 % of DL TX BW configuration.
15 MHz: IMD5 reaches over 0 % of DL TX BW configuration.
15 MHz: IMD7 reaches over 59 % of DL TX BW configuration.
20 MHz: IMD3 reaches over 0 % of DL TX BW configuration.
20 MHz: IMD5 reaches over 44 % of DL TX BW configuration.
20 MHz: IMD7 reaches over 100 % of DL TX BW configuration.

The desens is calculated as

where  is the noise + interference power measured within the DL transmission  bandwidth configuration at MRC output, -174 dBm/Hz is the thermal noise floor, NF is the receiver noise figure, and  is the diversity gain obtained from MRC for thermal noise (equal PSD in both RX branches). The maximum desens, i.e., MSD, is shown in Table 2.
[bookmark: _Ref467511357]Table 2. Simulated MSD
	Channel BW
	MSD

	15 MHz
	4.9 dB

	20 MHz
	13.0 dB



The desens values as function of allocation are shown in Fig. 1 - Fig. 3. The lowest desens values in Fig. 2 exhibit relatively strong random fluctuations. This results from the probability distribution of CIM5 which has a long tail, resulting in outliers. These fluctuations can be reduced by increasing signal duration in the simulation. The 15 MHz channel does not suffer from this phenomenon, as its CIM5 does not fall on the DL. Fig. 3 shows the same data with desens values <0.5 dB rounded downwards to zero.
 Fig. 4 and Fig. 5 show A-MPR needed to keep desens below 0.5 dB. To give further insight, Fig. 6 and Fig. 7 show the spectra of a 1 RB allocation at lower channel edge, i.e., closest to the DL, whereas Fig. 8 and Fig. 9 show the spectra of a full allocation. 

[image: ]
[bookmark: _Ref467511973]Fig. 1. Desens for contiguous allocations for 15 MHz channel
[image: ]
[bookmark: _Ref467512426]Fig. 2. Desens for contiguous allocations for 20 MHz channel. Low values are noisy.
[image: ]
[bookmark: _Ref467512003]Fig. 3. Desens for contiguous allocations for 20 MHz channel with values < 0.5 dB rounded to zero																																				
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[bookmark: _Ref467512058]Fig. 4. A-MPR needed to limit MSD to 0.5 dB in 15 MHz channel bandwidth
 [image: ]
[bookmark: _Ref467274884]Fig. 5. A-MPR needed to limit MSD to 0.5 dB in 20 MHz channel bandwidth
 [image: ]
[bookmark: _Ref467274981]Fig. 6. Spectrum at MRC output for 15 MHz channel with 1 RB allocation. The average noise PSD corresponding to zero desens is shown, converted to 100 kHz measurement bandwidth.
[image: ]
[bookmark: _Ref467274993]Fig. 7. Spectrum at MRC output for 20 MHz channel with 1 RB allocation. The average noise PSD corresponding to zero desens is shown, converted to 100 kHz measurement bandwidth.
[image: ]
[bookmark: _Ref467275032]Fig. 8. Spectrum at MRC output for 15 MHz channel with full allocation. The average noise PSD corresponding to zero desens is shown, converted to 100 kHz measurement bandwidth.
[image: ]
[bookmark: _Ref467275041]Fig. 9. Spectrum at MRC output for 20 MHz channel with full allocation. The average noise PSD corresponding to zero desens is shown, converted to 100 kHz measurement bandwidth.

If these results are compared to work done for Band 20 [1] Fig. 10 we see that US 600 MHz MSD is different. Reason for this is that we have used 50 dB Tx-Rx isolation instead of 45 dB used in [1]. Second reason is that Band 20 Tx-Rx separation is 5 MHz smaller compared to US 600 MHz and this has big impact especially for MSD caused by spectra regrowth which for band 20 is > 10 dB for wide allocations of 20 MHz channel. Third difference to work done for band 20 is that at that time LO leakage and I/Q-image assumption was 25 dBc which was later changed to 28 dBc for bands below 1 GHz. However for band 20 CIM3 and CIM5 were not used.
[image: ]
[bookmark: _Ref467276147]Fig. 10. Band 20 MSD

3 	Summary
[bookmark: _GoBack]In this contribution, we present simulation results for self interference issues for US 600 MHz scenario. We can note that US 600-86 has similar MSD issue as band 20 but level of MSD is different due to larger Tx-Rx separation, better modulator minimum requirements and better duplex-filter Tx-Rx isolation assumption which was used for band 20. However for band 20 CIM3 and CIM5 were not used in simulations and this has negative impact for some small allocations.
4	References
[1]	R4-093654, EU800 REFSENS, Nokia, RAN WG4 #52bis
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