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Introduction

The issue of gap requirements for MSR in non-contiguous spectrum was discussed at RAN4 #57 [1,2]. In this paper, the receiver requirements are further discussed and a way forward with respect to some requirements is proposed. 

Discussion
During the discussions at RAN4#57, it was concluded that the gap should have similar requirements as the edges of the RF bandwidth. The need for special treatment of some requirements in the gap depending on the gap size and requirement offsets was also brought up [1,2].
As an example, consider in-band selectivity and blocking, which consist of general blocking, general narrowband blocking and the GSM MC-BTS single RAT requirement for BC2. Given the similarity between edges and gaps, the blocking requirement should be made applicable not only at the block edges but also within the gaps. The applicability of the requirement will depend on the relation between interferer BW, interferer offset and gap size. The MSR blocking requirement is shown below, as stated in TS 37.104:
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 [MHz]

	1-7, 9-11, 13, 14, 18, 19, 21, 33-40
	(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 +12)
	
	
	

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

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

	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.


In order to apply in a sub-block gap, the general blocking requirement will require a gap size of at least 10 MHz, since the interferer is a 5 MHz UTRA or E-UTRA carrier and the carrier centre offset is set to 7.5 MHz. For gap sizes less than 10 MHz, the current MSR general blocking requirement can thus not be made applicable.

The MSR narrowband blocking requirement is shown below, as stated in TS 37.104. It can apply in significantly smaller gaps (for some of the offsets) than the general blocking requirement:
Table 7.4.2-1: Narrowband blocking requirement

	RAT of the carrier
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Interfering RB*** centre frequency offset from the RF bandwidth edge [kHz]

	E-UTRA, UTRA and GSM/EDGE
	PREFSENS + x dB*
	-49
	±(240 +m*180),

m=0, 1, 2, 3, 4, 9, 14, 19, 24

	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***:
Interfering signal (E-UTRA 3MHz) consisting of one resource block positioned at the stated offset, the channel bandwidth of the interfering signal is located adjacently to the RF bandwidth edge.


The BC2 GSM single RAT blocking requirement is based on CW interferer at small offset which could fit very small gap sizes, but it is not further discussed in this paper.

There are several possible ways forward to resolve the gap blocking requirements for MSR-NC:

· Exclude general blocking as gap requirement
Excluding the general blocking requirement would leave general narrow band blocking and the BC2 GSM single RAT requirement as blocking requirement for the gap.
· Existing requirements are applied for interfering signals that fit inside the gap

As explained above, this means a very large restriction for the general blocking requirement, which will not apply for any gap size below 10 MHz. The outcome is therefore not very different from the first approach.
· Modify the interferer bandwidth and offsets

This would require inclusion of lower E-UTRA bandwidths and offsets, where applicability will depend on the gap size. 
The first approach is preferable, since the present general blocking requirement is difficult to apply anyway. All three approaches need to be further investigated. Note that regardless of the approach, the current blocking requirements shall in addition be applied at the edges of the RF bandwidth for MSR.
As discussed in earlier RAN4 meetings, simultaneous activation of multiple carriers for the receiver blocking testing is essential for MSR-NC [3].
Receiver intermodulation

For MSR-NC, the receiver IM requirement requirements should be made applicable per sub-block when all sub-blocks are present. The interferers should be allocated outside the RF bandwidth as well as within the gaps. Depending on the gap size, the interferer definition in terms of bandwidth and offset may need modifications. Due to the presence of two interferers with fairly large offsets, the gap requirements for receiver IM is more restricted compared to transmitter IM, since for the transmitter IM, only one interferer is present. 
Considering the existing MSR general receiver intermodulation requirement, the interfering signal offsets (centre to edge) can be as large as 17.5 MHz while the CW interferer has lower offset compared to the modulated interferer, as shown in the Tables below from TS 37.104. Note that the E-UTRA modulated interferer has a channel bandwidth of 5 MHz. Depending on the gap size, the existing general receiver intermodulation requirement can in most cases not be made applicable for the gap.
Table 7.7.1-1: General intermodulation requirement 

	Mean power of interfering signals [dBm]
	Wanted Signal mean power [dBm]
	Type of interfering signal

	-48
	PREFSENS +x dB*
	See Table 7.7.1-2

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


Table 7.7.1-2: Interfering signals for intermodulation requirement 

	RAT of the carrier
	Interfering signal centre frequency offset from the RF bandwidth edge [MHz]
	Type of interfering signal

	E-UTRA 1.4 MHz


	±2.0 (BC1 and BC3) / 
±2.1 (BC2)
	CW

	
	±4.9
	1.4MHz E-UTRA signal

	E-UTRA 3 MHz


	±4.4 (BC1 and BC3) / 
±4.5 (BC2)
	CW

	
	±10.5
	3MHz E-UTRA signal

	UTRA FDD and 
E-UTRA 5 MHz
	±7.5
	CW

	
	±17.5
	5MHz E-UTRA signal

	E-UTRA 10 MHz


	±7.375
	CW

	
	±17.5
	5MHz E-UTRA signal

	E-UTRA 15 MHz


	±7.25
	CW

	
	±17.5
	5MHz E-UTRA signal

	E-UTRA 20 MHz
	±7.125
	CW

	
	±17.5
	5MHz E-UTRA signal

	GSM/EDGE
	±7.575
	CW

	
	±17.5
	5MHz E-UTRA signal

	1.28 Mcps UTRA TDD
	±2.3 (BC3)
	CW

	
	±5.6 (BC3)
	1.28Mcps UTRA TDD signal


There is also the existing MSR narrowband intermodulation requirement which is based on a CW and a single RB E-UTRA interferer with significantly lower offsets compared to the “wideband” general intermodulation requirement.

Note that for MSR operation in BC2, the single RAT GSM receiver IM requirements also apply.

Table 7.7.2-1: General narrowband intermodulation requirement 

	Mean power of interfering signals [dBm]
	Wanted Signal mean power [dBm]
	Type of interfering signal

	-52
	PREFSENS +x dB*
	See Table 7.7.2-2

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


Table 7.7.2-2: Interfering signals for narrowband intermodulation requirement 

	RAT of the carrier
	CW or 1RB interfering signal centre frequency offset from the RF bandwidth edge [kHz]
	Type of interfering signal

	E-UTRA 1.4 MHz


	±260 (BC1 and BC3) /  
±270 (BC2)
	CW

	
	±970 (BC1 and BC3) / 
±790 (BC2)
	1.4 MHz E-UTRA signal, 1 RB*

	E-UTRA 3 MHz


	±260 (BC1 and BC3) / 
±270 (BC2)
	CW

	
	±960 (BC1 and BC3) / 
±780 (BC2)
	3.0 MHz E-UTRA signal, 1 RB*

	E-UTRA 5 MHz
	±360
	CW

	
	±1060
	5 MHz E-UTRA signal, 1 RB*

	E-UTRA 10 MHz

(**)
	±325
	CW

	
	±1240
	5 MHz E-UTRA signal, 1 RB*

	E-UTRA 15 MHz

(**)
	±380
	CW

	
	±1600
	5MHz E-UTRA signal, 1 RB*

	E-UTRA 20 MHz

(**)
	±345
	CW

	
	±1780
	5MHz E-UTRA signal, 1 RB*

	UTRA FDD
	±345 (BC1 and BC2)
	CW

	
	±1780 (BC1 and BC2)
	5MHz E-UTRA signal, 1 RB*

	GSM/EDGE
	±340
	CW

	
	±880
	5MHz E-UTRA signal, 1 RB*

	1.28Mcps UTRA TDD
	±190 (BC3)
	CW

	
	±970 (BC3)
	1.4 MHz E-UTRA signal, 1 RB*

	NOTE*: 
Interfering signal consisting of one resource block positioned at the stated offset, the channel bandwidth of the interfering signal is located adjacently to the RF bandwidth edge. 

NOTE**:
This requirement shall apply only for an E-UTRA FRC A1-3 mapped to the frequency range at the channel edge adjacent to the interfering signals.


For BC2, there are also additional requirements (originates from GSM MC-BTS) with CW interfering signals at offsets as low as 800 kHz which could fit very small gap sizes, but they are not further discussed in this paper.
There are several possible ways forward to resolve the gap receive intermodulation requirements for MSR-NC:

· Exclude general receiver intermodulation as gap requirement

The probability that the gap size would fit the current required interferer type and offsets is quite low, therefore the general receiver intermodulation requriement is less suitable for the gaps. In this case the general narrowband receive intermodulation requirements will apply for the gap. In addition, for BC2 the single RAT GSM requirement will also apply.
· Existing requirements are applied for interfering signals that fit inside the gap

As explained above, this means a very large restriction for the general receiver intermodulation, which may not apply for any gap size below 20 MHz. The outcome is therefore not very different from the first approach.
· Modify the interferer bandwidth and offsets for general receive IM
This would require inclusion of lower E-UTRA bandwidths and offsets where applicability would depend on the gap size.

The first approach is preferable, since the present general receiver intermodulation requirement is difficult to apply anyway. All three approaches need to be further investigated within RAN4. Note that regardless of the approach, the current receiver intermodulation requirements shall in addition be applied at the edges of the RF bandwidth for MSR.

As discussed in earlier RAN4 meeting, simultaneous activation of multiple carriers for the receiver intermodulation testing is essential for MSR-NC [3].
Conclusion 
In this paper, the receiver intermodulation requirements for MSR-NC are further discussed and different options are explored in order to adapt to different gap sizes. The following alternative ways forward for blocking and receiver IM should be studied further ing:
Blocking options:

1. Exclude general blocking as gap requirement

2. Existing requirements are applied for interfering signals that fit inside the gap
3. Modify the interferer bandwidth and offsets

Receive intermodulation options:

1. Exclude general receive intermodulation as gap requirement

2. Existing requirements are applied for interfering signals that fit inside the gap
3. Modify the interferer bandwidth and offsets for general receive IM

RAN4 should adopt a way forward for each requirement, as a basis for drafting of text proposals for TR 37.802.
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