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1 Introduction
In order to specify a limit for protection of narrowband services adjacent to Band 26, it has been proposed that coexistence studies be carried out [1] in addition to those presented in [2], [3]. 

Results in [3] indicate that a limit of the order of -57 dBm/6.25kHz is adequate for protection of Public Safety above 851 MHz, the same limit as that for Band 13. We observe that the -57 dBm/6.25kHz is in between the worst-case deterministic case for UE-UE interference, -83 dBm/6.25 kHz, and the proposed -35 dBm/6.25kHz limit. It represents a compromise between penalties on the aggressor and the protection of the victim. It is also important to mention that there are no existing limits for Band 5 transmissions other than the -13 dBm/100 kHz regulatory limit; the -57 dBm/6.25kHz is 35 dB tighter.

In this paper we look at the extreme values for the protection limit as well as the values considered by RAN4 until now, and propose a -53 dBm/6.25kHz limit in between these as a compromise between the penalty on the aggressor and protection of the victim; this limit is of the same order of magnitude as the recommendation in [3]. We also consider protection of Band 27 and propose this level as the protection limit for this band but scaled to 1 MHz.
2 The worst case for UE-UE interference
First we consider the worst case UE-UE interference scenario which is represented by a deterministic noise calculation based on a minimum separation distance. 
Assuming that the TX noise from a UE has to be 6 dB below the PSNB RX noise floor, a 1 dB desense criteria, and a UE-UE distance of 1m, the emissions from a LTE UE are:

I = RX noise floor + PSNB NF + Coupling loss at 1m – 6 dB = -174+10 log (6.25 kHz) + 9 +50 - 6 = -83 dBm/6.25kHz, 
where coupling loss considers antenna and body loss in both the LTE UE and PSNB receiver and with values according to [3].
This level would put significant constraints on any E-UTRA or UTRA operation below 849 MHz, and would severely penalize Band 5/26 operation and deployment. This level should be compared to the regulatory limit of -13 dBm/100kHz = -25 dBm/6.25kHz (not devised for protection of public safety). Blocking of Public Safety stations by E-UTRA mobiles is also a potential problem, but many PSNB stations have rejection of at least 90 dBc which reduces the problem to OOB emissions from UE(s).

3 A looser emission limit: -35 dBm/6.25kHz
A -35 dBm/6.25kHz limit could represent the other extreme (neglecting the regulatory -13 dBm/100kHz limit). 
Firstly, according to the study [2] of compatibility between Band 26 UL and Public Safety UL in 806-824 MHz, significant degradation of the Public Safety is predicted for small E-UTRA cells assuming a -35 dBm/6.25kHz limit, which is the FCC limit for protection of 700 MHz public safety. An emission limit of -43 dBm/6.25kHz would increase protection. The study is based on reuse of Part 90.672 interference criteria (assumed here) with a fixed emission target for the UE aggressors. 

Secondly, a -35 dBm/6.25kHz is almost achieved by UE(s) without back-off. The general spectrum emission mask defined in TS 36.101, see in Table 3.1, mandates -10 dBm/MHz level at 1 MHz from the E-UTRA carrier for all bandwidths. This corresponds to -32 dBm/6.25kHz roughly. 
Table 3-1: General E-UTRA spectrum emission mask 
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A -35 dBm/6.25kHz requires a moderate 1-2 dB back-off for the worst-case allocations, and the difference to the general SEM performance without back-off will be small from a coexistence perspective. However, neither the SEM nor the -35 dBm/6.25 kHz level would be sufficient for protection towards PSNB. 
4 A compromise: -53 dBm/6.25kHz 
Emissions below -50 dBm/6.25 kHz will reduce the interference towards PSNB, and this is incidentally between the deterministic worst-case and the emissions according to the general SEM discussed above. Studies in [5] show that -57 dBm/6.25 kHz will reduce the probability of interference, however it will impose high A-MPR from the aggressor. A -53 dBm/6.25kHz limit would not significantly degrade the protection, but significantly reduce the A-MPR required. Figures 4.1 and 4.2 show the results for a 15 MHz E-UTRA carrier with a -57 dBm/6.25kHz and a -53 dBm/6.25 kHz limits, respectively. The modulator performance is 28 dBc for both the LO and IQ image.
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Figure 4.1: A-MPR for -57 dBm/6.25kHz
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Figure 4.2: A-MPR for -53 dBm/6.25kHz

We note that the difference in A-MPR is 2-3 dB for the allocations where A-MPR is applied. Hence, -53 dBm/6.25 kHz appears a good compromise between E-UTRA penalty and PSNB protection. Moreover, effects of 5th order modulation will be more pronounced, which complicates the A-MPR profile.
Considering today’s deployment following the FCC arrangement, on which a WCDMA carrier can be deployed in block B and a CDMA2000 carrier at the upper edge of Band 5/V and keeping in mind that compatibility is currently possible, the protection limit for PSNB should permit such deployments to continue without constraints. The proposed limit of -53 dBm/6.25kHz represents the worst-case emissions from equipment currently used in the field for CDMA2000 up to 849 MHz or WCDMA in Block B (just about possible for WCDMA). Typical performance of CDMA2000 equipment is of the order of -63 to -56 dBm/6.25kHz as shown in [4], significantly higher than the worst case limit discussed in Section 2, and yet compatibility appears possible in live network (assuming the current NB deployment in 851-854 MHz). Typical performance of UE(s) in the field must have a margin to the worst-case emission level, which improves compatibility. Hence, to be able deploy UTRA up to 845 MHz, the -53 dBm/6.25kHz is proposed.
5 Band 26 emissions towards the lower edge 806-817 MHz

As agreed in RAN4#61, the proposed value for protection of 806-817 MHz is -42 dBm/6.25 kHz. This limit should also apply below 813.5 MHz, whence it is proposed that this limit is adopted for protection of services below 814 MHz as well as below any allocation that ends above 814 MHz but with a suitable guard band chosen.
6 Protection of Lower E850
Protection towards PSNB is proposed to be -53 dBm/6.25 kHz (or -30 dBm/MHz) at 851 MHz when the carrier is located at 849 MHz. Lower E850 DL is currently defined as 851-869 MHz and a possible re-arrangement to shift the lowest DL frequency limit towards higher frequencies is under consideration: the frequency separation between Band 26 and lower E850 may become up to 4 MHz. Just as for PSNB protection, Band 26 and lower E850 compatibility should be devised as a compromise between Band 26 A-MPR and lower E850 protection level. We propose to reuse the PSNB compromise and adopt a protection level corresponding to the -53 dBm/6.25 kHz at 2 MHz separation, hence for lower E850 protection: -53 dBm/6.25 kHz ~ -30 dBm/MHz.
This may be slightly improved if the frequency separation between the bands increases. 

7 Protection of APAC700
APAC700 FDD DL (758-803 MHz) and APAC700 TDD (703-803 MHz) is located 11 MHz from Band 26, thus the standard -50 dBm/MHz is proposed for its protection. This limit can be relaxed at a later stage if regulatory limits allow.
8 Proposal
The proposed UE emission limits from Band 26 into adjacent services are specified as:

· For protection of PSNB services in 851-859 MHz: -53 dBm/6.25 kHz

· For protection of NB services in the range 806-824 MHz (or upper limit down to 813.5 MHz): -42 dBm/6.25 kHz
· For protection of lower E850: -30 dBm/MHz
· 703-803 MHz: -50 dBm/MHz

In order to facilitate testing we propose to use a 25 kHz measurement bandwidth for the NB services, whence the above limits become

· 851-859 MHz: -47 dBm/25 kHz

· For protection of narrowband services in the range 806-824 MHz: -36 dBm/25 kHz
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