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1 Introduction
The UE coexistence scenario between Band 23 and Band 25 resembles the Band 7/Band 38, the same interference problems are present but alleviated since there is a 5 MHz guard in between. 
In this contribution we consider tighter requirements for Band 25 in-band blocking and possibly a reduction of the maximum UE output power for the lowest carriers in Band 23 to alleviate blocking problems. The latter restriction need not necessarily be explicitly specified but can be used should problems occur in the field even if notoriously difficult to verify. We start with the usual worst-case scenario.

2 Band 25 coexistence with Band 23
For the UE-UE coexistence we use the standard deterministic worst-case scenario, assuming a 1 m separation as a baseline and the compute margins w r t this, the coupling loss in the far-field (2-3 wavelengths between fingers) at 2 GHz is
32.4 dB + 20log10(2) + Lant ~ 40 + Lant dB
where Lant accounts for the antenna and scattering by objects (body loss) in the immediate neighbourhood of the two UE(s). 
2.1 Relative comparison between the blocker and the OOB requirement

First we look at a worst-case scenario with two closely spaced UE(s), the victim receiving a minimum level and the aggressor transmitting at maximum configured power (possibly with back-off and RB restrictions) so that the OOB emission requirement is met by the aggressor. We look at the relative difference between the OOB and blocking requirements, 5 MHz bandwidth of both the wanted signal and interferer is assumed.

For the Band 2 OOBE requirement of -50 dBm/MHz and assumption that the average antenna and body loss is constant over the S-band and the RX band 1930-1990 MHz – the same antenna must also cover the TX band down to 1850 MHz so not an unreasonable – and that the allowed interferer level is -105 dBm/MHz (3 dB desensitization of an LTE receiver with a wanted signal at REFSENS in static conditions), then the OOB requirement is met if
[-50 dBm/MHz – (40 dB + Lant)] + 105 dBm/MHz = 15 - Lant   dB < 0 dB  

Hence if Lant  < 15 dB then additional geographical separation is needed > 1 m to meet the requirement. 
For Band 25, an OOB level of -40 dBm/MHz is considered, whence the requirement is
25 - Lant   dB < 0 dB
is required. Turning to the blocking requirement, an IBB blocker level of -44 dBm for Band 2 (10 MHz gap) is met for a blocker at maximum power if 
[23 dBm/5 MHz – (40 dB + Lant)] + 44 dBm/5MHz = 27 - Lant   dB < 0 dB  
The blocking requirement is thus the most stringent: it needs the largest antenna loss Lant. However, the actual blocker performance will improve as the frequency offset to the wanted signal increases.
The wanted signal level for the OOBE and blocking are different so cannot be compared straight off: the wanted signal level is REFSENS + 6 dB. In terms of blocker rejection reception at the REFSENS level (same as for which the OOB is considered) would roughly correspond to a 6 dB lower blocker level, hence the corresponding relation is 
(27 + 6) - Lant   dB < 0 dB  
For Band 25, a -56 dBm in-band blocker level apply, a 5 MHz gap

(33 + 10) - Lant   dB < 0 dB  

Hence a considerable antenna loss is needed, or an increased geographical separation between the aggressor and victim. However, the above assumes that the aggressor (blocker) meets the out-of-band emission requirement within the victim bandwidth. Figure 1 shows two 5 MHz carriers in the lowest part of Band 23 at full power. We note that additional power back-off or RB restrictions is needed to meet the -40 dBm/MHz OOBE requirement. 
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Figure 1: two 5 MHz carriers at full power in the lower part of Band 23.
Hence, in practice the blocker level must be << 23 dBm at small frequency offset to meet the OOBE requirement which means that the blocking and OOBE requirement are not as unbalanced as the above may suggest.

2.2 How to balance between Band 23 and Band 25 for the worst case?
We have only used the standard blocking levels in the analysis above, and in practice a margin is available (and has to be available to account for batch variations). How to share the burden between the bands?
The IBB requirement for Band 25 at 5 MHz separation could possibly be tightened by 12 dB to the standard -44 dBm (Case 2) for the 5 MHz interferer, we then have
(27 + 6) - Lant   dB < 0 dB  

That should be compared to the OOBE requirement with a -40 dBm/MHz level: 25 - Lant   dB < 0 dB, but the OOBE requirement would require an aggressor power back-off so the coupling loss requirement is not as large as suggested above. If the blocker rejection is still not sufficient, the increased blocker rejection of Band 25 could then be complemented by a decrease of the S-band blocker level. This can be achieved by a suitable split of the LTE channels in the lower 10 MHz part into two 5 MHz blocks, and reduce the maximum UE output power by using the P_EMAX signaled in the IE P-Max. The upper 5 MHz block can be rejected by the RX duplexer, so a limitation is put on the lower 5 MHz. 
Note that this need not be signaled in all cells: if the 5 + 5 MHz channel arrangement is in place the P_EMAX can be signaled if needed or wherever interference occurs (hard to verify), recognizing that this may have an impact on the Band 23 nominal cell plan.
Now, assuming the worst-case scenario, the problem is that we still require an antenna isolation of about 25 dB.
2.3 In practice
The situation improves if the wanted signal level increases for the victim and we consider realistic signals, even if the aggressor and victim are closely spaced. The required coupling loss is smaller in practice. For the OOBE requirements the requirement on the coupling loss essentially decreases with the increase of the wanted signal level if we assume the same degradation as a metric: a 3 dB degradation of the SNR. However, above the reference sensitivity level, the link adaptation will still maintain the radio link, and the aggressor signal is not static. 
3 Reference sensitivity for Band 25

To increase protection against Band 23 blockers for Band 25 implies increased stop-band rejection of the RX duplexer close to the passband, which has an impact on the insertion loss. This is in addition to the increased pass-band of Band 25 compared to Band 2. The increase of the CW attenuation will be most notable at the band edges while the mid-band performance can be maintained essentially, see e.g. the FBAR filter responses in [1]. In order to
· account for increased stop-band rejection above the Band 25 passband

· account for the wider passband and smaller duplex gap of Band 25

· ensure a sufficiently good mid-band performance comparable to Band 2

the averaging method with increased margin compared to the REFSENS proposal in [1]

· the Band 2 requirement + 1.5 dB for the 1.4 MHz; 

· the Band 2 requirement + 1.0 dB for the 3 MHz 
· the Band 2 requirement + (0.5-1.0) dB for larger bandwidths.

could be used. Alternatively, the following:
· the Band 2 requirement + 1.5 dB is specified for Band 25

· combined with a normative note that mandates a smaller relaxation for the Band 2 part of Band 25.
4 Proposal
In order to protect Band 25 UE(s) from Band 23 blocking signals we propose to consider

1. the application of a -44 dBm blocking level for Case 1 of the in-band blocking requirement if feasible (instead of the standard -56 dBm), the same level as for Case 2 for Band 2
2. consider using the P-Max IE to limit the UE output power in the lowest 5 (or 10 MHz) part of Band 23 to decrease the Band 23 blocking level: this can be applied in case interference occurs in practice
The first item would put Band 25 on the same footing as Band 2 in terms of blocking suppression. The second item means restricted use in the lowest part of Band 23.
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