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1. Introduction

In [1], it was discussed that the out-of-band blocking specification was unnecessarily stringent for bands at 3.5 GHz to be able to maintain the same separation distance from an interferer due to the increased free space path loss at the higher frequencies. For this contribution, further research has been conducted to identify the origin of the out-of-band blocking specification to show that it is not appropriately applied to 3.5 GHz bands.
2. Discussion

As described in [1], the RF front-end for support of Band 42 and/or Band 43 can benefit from the use of a ceramic filter due to cost, insertion loss, and linearity benefits.  However, such a filter is not capability of providing attenuation in particular to protect the receiver from a out-of-band blocker at 85 MHz offset from the band edge.  It was described in [1] that adopting the out-of-band blocking requirement at 85 MHz and beyond of -15 dBm from other bands is not the appropriate course for 3.5 GHz bands.  In addition to the filtering requirement this would impose upon the receiver requiring either a higher-loss filter or additional current consumption and redesign of a more linear receive path, the requirement itself it out of context when applied to 3.5 GHz bands.  One reason provided was that the requirement was originally derived to protect against GSM interferers, of which there are none at 3.5 GHz.  Upon further research, it appears that the origin of the requirement was not protection against GSM transmitters.

2.1. History of -15 dBm blocker requirement

An examination of the relevant RF specifications reveals that the -15 dBm Rx blocking requirement exists in the WCDMA, CDMA, and LTE specifications.  It does not appear in the GERAN specifications where in general, the blocking requirements are more stringent consistent with higher GSM transmit powers.  The -15 dBm Rx blocker requirement appears to originate from ARIB requirements which were then ported in to the first Rel-99 WCDMA 3GPP specification for Band I.  The motivation for the blocker requirement at 85 MHz offset may come from protection against TDD Band 34, which is exactly 85 MHz below the downlink of Band 1.  In [2] presented at RAN4 meeting #2 in 1999, it was justified that "standard TDD power class (24 dBm)" along with 40 dB path loss at 2 GHz frequencies were consistent with the ARIB requirement of -15 dBm.  Therefore, it is clear that the -15 dBm blocker requirement does not originate from a GSM protection requirement since it comes from ARIB and there is no GSM in Japan.  The background is actually 3G Band 1 Rx protection of a TDD transmitter separated by 85 MHz.
2.2. Coexistence

Historically, coexistence in 3GPP has been conducted with a working assumption of 1m separation from aggressor to victim.  There are many traces of this in the specification, for example, the WCDMA UE coexistence specification of -60 dBm/3.84 MHz.  A -15 dBm blocker level is consistent with the 1m separation working assumption since for an aggressor transmit power of 25 dBm and 40 dB free space path loss for 1m separation at 2 GHz frequencies, the power received at the victim UE's antenna is -15 dBm.
However, today 3GPP bands are defined over a much broader frequency range than ever before spanning from 450 MHz to 3.5 GHz.  It is then necessary to understand how to properly scale requirements to the new frequency ranges.  Two aspects should be consider:  the radio propogation characteristics have a 1/f2 relationship in free space where low frequency bands have less loss while high frequency bands have greater loss, and UE antenna gain over frequency where low frequency bands have worse antenna gain compared to high frequency bands for practical antenna volumes in a handheld form-factor device.  The free space path loss relationship is well known by Friis equation; however, the dependency of antenna gain on frequency is less well recognized.  We provide the following example in Table xxx to illustrate the effect of FSPL and antenna gain over frequency

Table 1.  Example path loss and antenna gain budget vs. frequency

	Frequency range
	Aggressor Tx power (conducted dBm)
	UE Tx antenna gain (dB)
	~1m FSPL (dB)
	UE Rx antenna gain (dB)
	Victim Rx power (conducted dBm)

	750 MHz
	24
	-5
	-30
	-5
	-16

	850 MHz
	24
	-4
	-31
	-4
	-15

	950 MHz
	24
	-3.5
	-32
	-3.5
	-15

	1500 MHz
	24
	-1.5
	-36
	-1.5
	-15

	1700 MHz
	24
	-1
	-37
	-1
	-15

	1900 MHz
	24
	-0.5
	-38
	-0.5
	-15

	~2140 MHz
	24
	-0.5
	-39
	-0.5
	-16

	~2500 MHz
	24
	-0.5
	-40
	-0.5
	-17

	~3500 MHz
	24
	-0.5
	-43
	-0.5
	-20


As described in [1], the path loss difference between 1.9 GHz and 3.5 GHz is approximately 5 dB, with no expected difference in antenna gain between these two frequency ranges.  For low frequency bands, however, there is an impact due to poorer antenna gain that counteracts the path loss gain.  In the example above, an optimistic estimate of -4 dBi antenna gain is illustrated; however, in practice, most UE's are not even able to achieve this metric.  Thus, the blocker level of -15 dBm consistently provides 1m separation protection for bands from 2 GHz down to 750 MHz.  At 3.5 GHz, however, the mathematics differs.
2.3. Proposal

Based on the above analysis and reasoning, we propose that the original motivation for the -15 dBm UE blocker requirement is protection against a 3G transmitter operating from Band 34, separated by 1m, interfering with a Band 1 receiver.  Using the same protection criteria, but translated to 3.5 GHz and therefore taking into account the propogation and antenna gain characteristics as a function of frequency, we propose that the equivalent protection is attained by a requirement of -20 dBm.  
Specifically, for Band 22, Band 42, and Band 43, we propose adjusting the Rx blocker level to -20 dBm when the blocker in 85 MHz offset from the band edge.  When the blocker is below 2690 MHz, we propose to maintain the -15 dBm blocker level.

3. Conclusion
We have provided further analysis and justification for the UE Rx blocker requirement.  Based on the original derivation and motivation of the requirement, and the physics of waveform propogation and practical antenna gain as a function of frequency, we observe that to maintain the original intent of the requirement, the blocker level should be reduced by 5 dB to -15 dBm for 3.5 GHz frequency bands, when the blocker is above 2690 MHz.
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