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Background

At RAN4 in Santa Rosa, there was an agreement on the MB-MSR receiver in-band blocking requirements, but with one open issue to solve.

In order to minimize the impact of blocking between the bands, the in-band blocking is modified for multi-band capable BS to ensure that the blocking probability for each band is kept to a reasonably low level and does not increase proportionally with the added frequency range with multiple bands. A final agreement was not reached but it was tentatively agreed that the interfering signal in one band should not degrade the wanted signal level by more than [0.8-2 dB] for the other band. The final value is to be determined. 

In this paper, the degradation is further discussed based on and analysis of the blocking probability and a way forward is presented with a text proposal.
Discussion

The in-band blocking requirements are normally derived through system simulations giving a distribution of potential interfering signal levels. The maximum in-band blocking interferer level is then picked so that it is not exceeded in 99.99% of the cases for macro scenarios [3] or 99.98% of the cases for micro scenarios [3,4]. This gives 0.01% and 0.02% blocking probability respectively for macro and micro scenarios.

If the frequency range with potential blockers is extended with another band of equal size and we allow the same 6 dB level of degradation, the probability of not being blocked (in the macro scenario) will be 99.99% from each of the bands. The total blocking probability will then be

P[blocked] = 1 – P[Not blocked] = 1 - 0.9999 x 0.9999 ≈ 0.02%

In order to avoid this doubling of the blocking probability, it is agreed to allow for less degradation in case of a blocker in the “other” band. If we want interferers in the "other" band to have a considerably reduced impact on blocking, we need a probability of not being blocked much closer to 1 from that band, rather than 0.9999.
The blocking probability has a very strong dependence on the assumed blocking limit, which has been showed in numerous simulations documented in 3GPP TRs. Figure 1 below shows macro cell simulations from TR 25.942 [3] and Figure 2 shows micro cell simulations from TR 25.951 [4].
The results show that the probability of not being blocked is much closer to 1 if the blocking limit is increased 4-5 dB. The same effect would occur if the system wide blocking interferer level would decrease by 4-5 dB.
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Figure 1: Macro – Macro blocker level distribution from [3] (Speech, UE 33 dBm)
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Figure 2: Macro – Micro blocker level distribution probability from [4] (Speech, UE 21 dBm)
For the multiband scenario, we cannot assume that blocking interferer levels decrease. We do assume however that the degradation from blocking in the “other” band will be less than the usual 6 dB in order to reduce the blocking impact. Such a decreased degradation can be translated into an equivalent reduction in blocking interferer level.

Figure 3 shows the relation between interferer level and the resulting degradation, assuming that the interferer adds linearly to noise as power. The relation shows that a reduced degradation from 6 to 2 dB corresponds to an equivalent 7 dB decrease in the interferer level. When translating this 7dB reduced interferer level into a reduced blocking probability as demonstrated in Figures 1 and 2, it can be seen that it results in a considerably reduced impact on the blocking probability. It is therefore sufficient to reduce the degradation for in-band blocking from the “other” band from 6 to 2 dB.
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Figure 3: Relation between the equivalent interferer level and degradation
Proposal

It is proposed that the degradation for in-band blocker in the “other” band for multi-band scenarios is set to 2 dB. This is documented in the attached text proposals for the MB-MSR Work Item TR [1].
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TEXT PROPOSAL for TR body:

7.4
In-band selectivity and blocking

The in-band selectivity and blocking characteristics are measures of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer inside the operating band and are defined by a wideband and a narrowband blocking requirement.
As explained in subclause 7.1 and 7.5, for a multi-band receiver capable of operating in band X and Y, the band Y in-band blocking range should be excluded from the band X out-of-band blocking requirement and vice versa. For this joint exclusion area, the in-band blocking requirement would apply instead.

In order to minimize the impact of blocking between the bands, it would be necessary to modify the in-band blocking requirement for this case. For multi-band capable BS, the in-band blocking requirement would apply in the in-band blocking range of all operating bands. In this case, the wanted signal is set according to the existing table note, with the exception that the interfering signal in one band should not degrade the wanted signal level by more than 2 dB for the other band. A 2 dB degradation as compared to the usual 6 dB degradation corresponds to an equivalent blocking interferer level that is 7 dB lower, which results in a substantially reduced blocking probability for blocking signals in that band. This would ensure that the blocking probability for each band is kept to a reasonably low level and does not increase proportionally to the added frequency range with multiple bands. The note is modified accordingly.

For multi-band combination where the bands are close to each other, the inter RF bandwidth gap may be so small that the frequency range for the in-band blocking requirement overlaps, which means that the joint exclusion area is actually a contiguous frequency range. In this case the usual in-band blocking requirement (with 6 dB sensitivity degradation for UTRA/E-UTRA) should apply for the full in-band blocking frequency range listed for the operating band, while the lower sensitivity degradation would apply outside that frequency range in the joint exclusion area.
TEXT PROPOSAL for TR Annex A (TS 37.104):

(Additional changes made in this TP are marked yellow)

7.4
In-band selectivity and blocking

The in-band selectivity and blocking characteristics are measures of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer inside the operating band and are defined by a (wideband) and a narrowband blocking requirement. 

7.4.1
General blocking minimum requirement

For the general blocking requirement, the interfering signal shall be a UTRA FDD signal as specified in Annex A.

The requirement is always applicable outside the edges of the RF bandwidth. The interfering signal offset is defined relative to the RF bandwidth edges.

For BS operating in non-contiguous spectrum, the requirement applies in addition inside any sub-block gap,  in case the sub-block gap size is at least 15 MHz. The interfering signal offset is defined relative to the sub-block edges inside the sub-block gap.

For the wanted and interfering signal coupled to the base station antenna input, using the parameters in Table 7.4.1‑1, the following requirements shall be met:

-
For any E-UTRA carrier, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel defined in TS 36.104 [4], subclause 7.2.

-
For any UTRA FDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.104 [2], subclause 7.2.

-
For any UTRA TDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.105 [3], subclause 7.2.

-
For any GSM/EDGE carrier, the conditions are specified in TS 45.005 [5], Annex P.2.1.
For BS capable of multi-band operation, the requirement applies according to Table 7.4.1‑1 for the in-band blocking frequency ranges of all operating bands.
Table 7.4.1-1: General blocking requirement

	Operating Band Number
	Centre Frequency of Interfering Signal [MHz]
	Interfering Signal mean power [dBm]
	Wanted Signal mean power [dBm]
	Interfering signal centre frequency minimum frequency offset from the RF bandwidth edge or edge of sub-block inside a gap [MHz]

	1-7, 9-11, 13, 14, 18, 19, 21-23, 24, 33-43
	(FUL_low -20)
	to
	(FUL_high +20)
	-40
	PREFSENS + x dB*
	±7.5

	8
	(FUL_low -20)
	to
	(FUL_high +10)
	
	
	

	12
	(FUL_low  -20)
	to
	(FUL_high +13)
	
	
	

	17
	(FUL_low  -20)
	to
	(FUL_high +18)
	
	
	

	20
	(FUL_low  -11)
	to
	(FUL_high +20)
	
	
	

	25
	(FUL_low  -20)
	to
	(FUL_high +15)
	
	
	

	NOTE*: 
PREFSENS depends on the RAT and on the channel bandwidth, see subclause 7.2.

NOTE**: 
“x” is equal to 6 in case of E-UTRA or UTRA wanted signals and equal to 3 in case of GSM/EDGE wanted signal.
NOTE***:
For a BS capable of multiband operation, “x” is equal to 6 in case of E-UTRA or UTRA wanted signals and equal to 3 in case of GSM/EDGE wanted signal, in case of interfering signals that are in the in-band blocking frequency range of the operating band where the wanted signal is present. For other frequency ranges of the interfering signal, “x” is equal to 2 dB.


NOTE:
Table 7.4.1.1 assumes that two operating bands, where the downlink operating band (see Table 4.5-1 and Table 4.5-2) of one band would be within the in-band blocking region of the other band, are not deployed  in the same geographical area.
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