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1
Introduction

In last meeting, the Wgap issue for some Rx requirements for a BS support non-contiguous spectrum have been raised, where the current descriptions in the spec didn’t cover the case when the different group carriers received at the edges of the gap.In this contribution, we give some further considerations how to solve this issue.
2
Discussion

As mentioned in [1], for a BS support non-contiguous spectrum, the RF requirements apply in addition inside any sub-block gap based on the sub-block size(Wgap). For the RF requirements in sub-block gap, there are 3 cases related to the carriers transmitted/received at the sub-block edges inside a sub-block gap, which are shown in figure 1.
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figure 1. Carriers transmitted/received in the sub-block edges inside a sub-block gap
In figure 1, the group 1 carrier means the carrier channel bandwidth is smaller than or equal to 20MHz, and the group 2 carrier means the carrier channel bandwidth is larger than 20MHz.

The issue raised in [1] mainly because it is unclear in current spec which Wgap value shall be used for the following Rx requirement when the different group carriers received at the edges of the gap:

ACS

Narrowband blocking

In-band blocking

Receiver intermodulation (including general intermodulation and Narrowband intermodualtion) 
Some proposals were given in [1], and the main idea was based on the sub-blocks can be tested at the same time, then the Wgap was calculated considering the separate interfering signal bandwidth and/or frequency offset of each group carriers. However, companies raised the concern that it will restrict the deployment scenarios since the Wgap is too large, and also the sub-blocks will not be tested at the same time, instead one by one test is feasible. 

In the case of only one sub-block is tested at a time, we reconsider the issue and we think it still need some clarfications for the above mentioned Rx requirements in current specification. The details are discussed in the following sections.
 ACS
In section 7.4.1.2 in TS38.104, the description for a BS operating in non-contiguous spectrum are:
	For a BS operating in non-contiguous spectrum within any operating band, the ACS requirement shall apply in addition inside any sub-block gap, in case the sub-block gap size is at least as wide as the NR interfering signal in table 7.4.1.2-1. The interfering signal offset is defined relative to the sub-block edges inside the sub-block gap.

For a multi-band connector, the ACS requirement shall apply in addition inside any Inter RF Bandwidth gap, in case the Inter RF Bandwidth gap size is at least as wide as the NR interfering signal in table 7.4.1.2‑2. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges inside the Inter RF Bandwidth gap.

Table 7.4.1.2-1: Base station ACS requirement

BS channel bandwidth of the lowest/highest carrier received (MHz)

Wanted signal mean power (dBm)
Interfering signal mean power (dBm)
5, 10, 15, 20, 
25, 30, 40, 50, 60, 70, 80, 90, 100  
(Note 1)

PREFSENS + 6 dB
Wide Area: -52

Medium Range: -47

Local Area: -44

NOTE 1:
The SCS for the lowest/highest carrier received is the lowest SCS supported by the BS for that bandwidth.

NOTE 2:
PREFSENS depends on the BS channel bandwidth as specified in tables 7.2.2-1, 7.2.2-2, 7.2.2-3

Table 7.4.1.2-2: Base Station ACS interferer frequency offset values

BS channel bandwidth of the lowest/highest carrier received (MHz)
Interfering signal centre frequency offset from the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
Type of interfering signal
5

±2.5025

5 MHz DFT-s-OFDM NR signal

15 kHz SCS, 25 RBs
10

±2.5075

15

±2.5125

20

±2.5025

25

±9.4675
20 MHz DFT-s-OFDM NR signal

15 kHz SCS, 100 RBs
30

±9.4725
40

±9.4675
50

±9.4625
60

±9.4725
70

±9.4675
80

±9.4625
90

±9.4725
100

±9.4675



Similar with figure 1, figure 2 gives the illustration for ACS requirement apply in addition inside any sub-block gap. Case 1 and case 2 are for the same group carriers at the edges of the gap, and case 3 is for different group carriers at the edges of the gap (i.e. case 3). 
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 figure 2. Carriers received in the sub-block edges inside a sub-block gap for ACS requirement
In the case of only one sub-block is tested at a time, to guarantee the Wgap is enough to fit the interfering signal for the testing when the different group carriers received at the edges of the gap (case 3), it is proposed that the sub-block gap size is at least 20MHz for case 3.

Proposal 1.  The ACS requirement shall apply in addition inside any sub-block gap or Inter RF Bandwidth gap, in case the Wgap is at least 20MHz  for different groups carriers received at the edges of the gap. 
According to proposal 1, the case 3 for ACS can be interpreted as in figure 3.
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figure 3. Carriers received in the sub-block edges inside a sub-block gap for ACS requirement (for case 3)

Therefore, for a BS operating in non-contiguous spectrum or a multi-band connector, the ACS requirement shall apply in addition inside any sub-block gap or Inter RF Bandwidth gap size, in case the sub-block or inter RF Bandwidth gap size (Wgap) defined in table 1.
Table 1. Wgap values of Base Station ACS in non-contiguous spectrum or multiple bands

	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Sub-block or Inter RF Bandwidth gap size (Wgap) where the limit applies (MHz)

	5, 10, 15, 20
	Wgap ≥ 5 (Note 1)

Wgap ≥ 20 (Note 2)

	25, 30, 40, 50, 60, 70, 80, 90, 100
	Wgap ≥ 20 (Note 1, 2)

	NOTE 1:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 5, 10, 15, 20 MHz.

NOTE 2:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 25, 30, 40, 50, 60, 70, 80, 90, 100 MHz.


 Narrowband blocking
Since the channel bandwidth of the DFT-s-OFDM NR interfering signals for narrowband blocking are located adjacently to the  lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap, which is same with ACS. Therefore the ACS principle can be applied to narrowband blocking requirement.
Proposal 2.  The narrowband blocking requirement shall apply in addition inside any sub-block gap or Inter RF Bandwidth gap, in case the Wgap is at least 20MHz for different groups carriers received at the edges of the gap.  

Therefore, for a BS operating in non-contiguous spectrum or a multi-band connector, the narrowband blocking requirement shall apply in addition inside any sub-block gap or Inter RF Bandwidth gap size, in case the sub-block or inter RF Bandwidth gap size (Wgap) defined in table 2.
Table 2. Wgap values of Base Station narrowband blocking in non-contiguous spectrum or multiple bands

	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Sub-block or Inter RF Bandwidth gap size (Wgap) where the limit applies (MHz)

	5, 10, 15, 20
	Wgap ≥ 5 (Note 1)

Wgap ≥ 20 (Note 2)

	25, 30, 40, 50, 60, 70, 80, 90, 100
	Wgap ≥ 20 (Note 1, 2)

	NOTE 1:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 5, 10, 15, 20 MHz.

NOTE 2:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 25, 30, 40, 50, 60, 70, 80, 90, 100 MHz.


 In-band blocking
In section 7.4.2.2 in TS38.104, the description for a BS operating in non-contiguous spectrum are:

	For a BS operating in non-contiguous spectrum within any operating band, the in-band blocking requirements apply in addition inside any sub-block gap, in case the sub-block gap size is at least as wide as twice the interfering signal minimum offset in tables 7.4.2.2-1. The interfering signal offset is defined relative to the sub-block edges inside the sub-block gap.

For a multi-band connector, the blocking requirements apply in the in-band blocking frequency ranges for each supported operating band. The requirement shall apply in addition inside any Inter RF Bandwidth gap, in case the Inter RF Bandwidth gap size is at least as wide as twice the interfering signal minimum offset in tables 7.4.2.2-1.

Table 7.4.2.2-1: Base station general blocking requirement
BS channel bandwidth of the lowest/highest carrier received (MHz)

Wanted signal mean power (dBm)
Interfering signal mean power (dBm)
Interfering signal centre frequency minimum offset from  the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap (MHz)
Type of interfering signal
5, 10, 15, 20

PREFSENS + 6 dB
Wide Area: -43

Medium Range: -38

Local Area: -35

±7.5
5 MHz DFT-s-OFDM NR signal

15 kHz SCS, 25 RBs
25, 30, 40, 50, 60, 70, 80, 90, 100

PREFSENS + 6 dB
Wide Area: -43

Medium Range: -38

Local Area: -35

±30

20 MHz DFT-s-OFDM NR signal

15 kHz SCS, 100 RBs
NOTE:
PREFSENS depends on the BS channel bandwidth as specified in tables 7.2.2-1, 7.2.2-2 and 7.2.2-3.




Similar with figure 1, figure 4 gives the illustration for in-band blocking requirement apply in addition inside any sub-block gap the three cases. Similar with ACS,  it is unclear for the sub-block gap size value in case 3 since different type of interfering signal are applied.
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figure 4. Carriers received in the sub-block edges inside a sub-block gap for in-band blocking requirement 

Similar with ACS requirement,  it is proposed that the sub-block gap size is at least 45MHz  for case 3 as shown in Figure 5.

Proposal 3.  The in-band blocking requirement shall apply in addition inside any sub-block gap or inter RF bandwidth gap, in case the Wgap is at least 45MHz for different groups carriers received at the edges of the gap. 

According to proposal 3, the case 3 for in-band blocking can be interpreted as in figure 5.
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figure 5. Carriers received in the sub-block edges inside a sub-block gap for in-band blocking requirement (for case 3)

Therefore, for a BS operating in non-contiguous spectrum or a multi-band connector, the in-band blocking requirement shall apply in addition inside any sub-block gap or Inter RF Bandwidth gap size, in case the sub-block or inter RF Bandwidth gap size (Wgap) defined in table 3..
Table 3. Wgap values of Base Station in-band blocking in non-contiguous spectrum or multiple bands

	BS channel bandwidth of the lowest/highest carrier received (MHz)
	Sub-block or Inter RF Bandwidth gap size (Wgap) where the limit applies (MHz)

	5, 10, 15, 20
	Wgap ≥ 15 (Note 1)

Wgap ≥ 45 (Note 2)

	25, 30, 40, 50, 60, 70, 80, 90, 100
	Wgap ≥ 60 (Note 2)

Wgap ≥ 45 (Note 1) 

	NOTE 1:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 5, 10, 15, 20 MHz.

NOTE 2:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 25, 30, 40, 50, 60, 70, 80, 90, 100 MHz.


 Receiver intermodulation
There are two requirements which are general intermodulation and narrowband intermodulation. For general intermodulation requirement, only the intermodulation requirement apply in addition inside any Inter RF Bandwidth gap. For narrowband intermodulation requirement, the intermodulation requirement apply in addition inside both sub-block gap and Inter RF Bandwidth gap.

	For a BS operating in non-contiguous spectrum within any operating band, the narrowband intermodulation requirement shall apply in addition inside any sub-block gap in case the sub-block gap is at least as wide as the channel bandwidth of the NR interfering signal in table 7.7.2-2 or 7.7.2-4. The interfering signal offset is defined relative to the sub-block edges inside the sub-block gap.

For a multi-band connector, the intermodulation requirement shall apply in addition inside any Inter RF Bandwidth gap, in case the gap size is at least twice as wide as the NR interfering signal centre frequency offset from the Base Station RF Bandwidth edge.

For a multi-band connector, the narrowband intermodulation requirement shall apply in addition inside any Inter RF Bandwidth gap in case the gap size is at least as wide as the NR interfering signal in tables 7.7.2-2 and 7.7.2-4. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges inside the Inter RF Bandwidth gap.


2.4.1 General intermodulation 

As mentioned above, the general intermodulation only apply in addition inside any Inter RF Bandwidth gap. Actually, the principle for inter RF bandwidth gap is the same as sub-block gap. 

Similar with figure 1, figure 6 gives the illustration for general intermodulation requirement apply in addition inside any inter RF bandwidth gap for the three cases.  Similar with above, it is unclear for the inter RF bandwidth gap value in case 3 since different type of interfering signal are applied.
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 figure 6. Carriers received in the sub-block edges inside a inter RF bandwidth gap for general intermodulation 
Similar with in-band blocking requirement, it is proposed that the  inter RF bandwidth gap is at least 50MHz for case 3.

Proposal 4.  The genera intermodulation requirement shall apply in addition inside any inter RF bandwidth gap, in case the inter RF bandwidth gap size is at least 50MHz for different groups carriers received at the edges of the gap. 
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figure 7. Carriers received in the sub-block edges inside a sub-block gap for in-band blocking requirement (for case 3)

2.4.2 Narrowband intermodulation 
Narrowband intermodulation is very simliar with narrowband blocking since the channel bandwidth of the DFT-s-OFDM NR interfering signals for narrowband intermodulation are located adjacently to the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap. Therefore the ACS principle can be applied to narrowband intermodulation requirement.
Proposal 5.  The narrowband intermodulation requirement shall apply in addition inside any sub-block gap or inter RF bandwidth gap, in case the Wgap is at least 20MHz for different groups carriers received at the edges of the gap.
Therefore, for a BS operating in non-contiguous spectrum or a multi-band connector, the receiver intermodulation requirement shall apply in addition inside any sub-block gap or Inter RF Bandwidth gap size, in case the sub-block or inter RF Bandwidth gap size (Wgap) defined in table 3 and table 4..
Table 4. Wgap values of general intermulation in multiple bands

	BS channel bandwidth of the lowest/highest carrier received (MHz)
	 Inter RF Bandwidth gap size (Wgap) where the limit applies (MHz)

	5, 10, 15, 20
	Wgap ≥ 35 (Note 1)

Wgap ≥ 50 (Note 2)

	25, 30, 40, 50, 60, 70, 80, 90, 100
	Wgap ≥ 50 (Note 1, 2)



	NOTE 1:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 5, 10, 15, 20 MHz.

NOTE 2:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 25, 30, 40, 50, 60, 70, 80, 90, 100 MHz.


Table 5. Wgap values of narrowband intermodulation in non-contiguous spectrum or multiple bands

	BS channel bandwidth of the lowest/highest carrier received (MHz)
	 Sub-block or Inter RF Bandwidth gap size (Wgap) where the limit applies (MHz)

	5, 10, 15, 20
	Wgap ≥ 5 (Note 1)

Wgap ≥ 20 (Note 2)

	25, 30, 40, 50, 60, 70, 80, 90, 100
	Wgap ≥ 20 (Note 1, 2)



	NOTE 1:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 5, 10, 15, 20 MHz.

NOTE 2:
Applicable in case the BS channel bandwidth of the NR carrier received at the other edge of the gap is 25, 30, 40, 50, 60, 70, 80, 90, 100 MHz.


3 

Impact on TS

As discussed above, the descriptions on Wgap (either sub-block gap or inter RF bandwidth gap) for ACS, narrowband blocking, in-band blocking and Rx IM requirements in current TS38.104 shall be revised to cover the case where the different group carriers received at the edges inside the gap. 

For FR1 Rx requirements, it shall capture all the cases in the TS38.104, similar with CACLR. Therefore, it is proposed to introduce the table 1~5 into TS. It shall be noted the values in table 1~5 for the same group carriers received at the edges inside Wgap are aligned with the current descriptions in the TS. Also, it shall be noted  it will not impact on the FR2 OTA Rx requirements. 
For TS38.141, similar changes mainly for test requirements are needed, and it will not impact on the test procedure.

Proposal 6. Introduce the tables 1~5 into TS38.104/TS38.141-1/2.
4
Conclusion
In this paper,  the Rx requirements for BS operating in non-contiguous spectrum or multiple band are discussed, where. Rx requirement shall apply in addition inside any gap based on the gap size (i.e. Wgap). Since the different group carriers may be received at the edges of the gap, the requirements in the gap shall apply to this cases, similar with CACLR requirements. However, the current descriptions in the TS are not cover this case.
The impacted Rx requirements are ACS, narrowband blocking, in-band blocking and Rx IM. The proposals are summarized below:

Proposal 1.  The ACS requirement shall apply in addition inside any sub-block gap or Inter RF Bandwidth gap, in case the Wgap is at least 20MHz for different groups carriers received at the edges of the gap. 
Proposal 2.  The narrowband blocking requirement shall apply in addition inside any sub-block gap or Inter RF Bandwidth gap, in case the Wgap is at least 20MHz for different groups carriers received at the edges of the gap.  

Proposal 3.  The in-band blocking requirement shall apply in addition inside any sub-block gap or inter RF bandwidth gap, in case the Wgap is at least 45MHz for different groups carriers received at the edges of the gap. 

Proposal 4.  The genera intermodulation requirement shall apply in addition inside any inter RF bandwidth gap, in case the inter RF bandwidth gap size is at least 50MHz  for different groups carriers received at the edges of the gap. 

Proposal 5.  The narrowband intermodulation requirement shall apply in addition inside any sub-block gap or inter RF bandwidth gap, in case the Wgap is at least 20MHz for different groups carriers received at the edges of the gap.
Proposal 6. Introduce the tables 1~5 into TS38.104/TS38.141-1/2.
5
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