3GPP TSG-RAN WG4 Meeting #92                                                             R4-1908542
Ljubljana, SI, 26th Aug- 30th Aug, 2019

Source:
ZTE Corporation

Title:
Discussion on Wgap for Rx requirements in NC operation and multiple bands
Agenda Item:
x.x.x
Document for:
Approval 

1
Introduction

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), while the Wgap size is related to the BS channel bandwidth of the lowest/highest carrier transmitted/received at the edges of the gap.

In the TS38.104, for some Rx requirements, such as ACS and in-band/narrow band blocking, the current descriptions of these requirement related to non-contiguous spectrum are largely based on the same principle with LTE. However, there are two types of interfering signal for NR Rx requirements, so in the case of the different carriers (i.e. ≤20MHz and >20MHz) received at the sub-block edges inside a sub-block gap, there are some problems with current descriptions.
In this paper, we discuss the issue for receiver RF requirements apply in addition inside any sub-block gap. It shall be noted the same principle should be applied for a BS operating in multiple bands. 
2
Discussion

Since several channel bandwidths are supported in NR spec, and according to the RF requirement definitions, we can divided the carriers into 2 groups for convenience:

Group 1 carriers: 5, 10, 15, 20MHz, i.e.  ≤20 MHz

Group 2 carriers: 25, 30, 40, 50, 60, 70, 80, 90, 100MHz , i.e.   >20MHz

Hence, 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.
[image: image1.png](case 1)

(case 2)

(case 3)

T
sub-block #1 Waap sub-block #2

sub-block #1 Waap Waap sub-block #2
sub-block #1 Wgap sub-block #2





figure 1. Carriers transmitted/received in the sub-block edges inside a sub-block gap
In figure 1, the RF requirements in a sub-block gap not only cover the gap sizes (Wgap) for the same group carriers at the edges of the gap (i.e. case 1 and case 2), but also cover the gap sizes (Wgap) for different group carriers at the edges of the gap (i.e. case 3). Actually, the ACLR/CACLR requirements in TS38.104 have been already defined considering the above three cases. The main reason for additional considering case 3 is the different adjacent channel carrier in the gap are used for different group carriers.
For some Rx requirements, such as ACS/narrow band blocking, in-band blocking, similar principle shall be applied since different interfering signals in the the gap are used for different group carriers. However, only case 1 and case 2 are considered in current spec,  we discuss the details 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

±9.535
20 MHz DFT-s-OFDM NR signal

15 kHz SCS, 100 RBs
30

±9.585
40

±9.535
50

±9.485
60

±9.585
70

±9.535
80

±9.485
90

±9.585
100

±9.535



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
Actually, the above sentences mainly come from the E-UTRA. However, for the E-UTRA channel bandwidths of 5/10/15/20MHz, only one interfering signal type 5 MHz E-UTRA signal is applied, while for different channel bandwidths supported in NR, there are two type of interfering signals. The current descriptions only apply for the carriers in the same group at the sub-block edges inside a sub-block gap as shown in case 1 and case 2. For the carriers in the different group at the sub-block edges inside a sub-block gap as shown incase 3, the current description is not specified yet.

Unlike Tx requirements, it is no need to consider the cumulative sum of contributions from adjacent sub-blocks for Rx requirements, and the ACS for different group carriers/sub-blocks are tested separately (i.e. different interfering signal for different sub-blocks) but can be tested at the same time. 

Considering the different types of interfering signal, it is proposed that the sub-block gap size is at least as wide as the sum of the channel bandwidth of the NR interfering signal (i.e. 25MHz.)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 as wide as the sum of the channel bandwidth of the NR interfering signal (i.e. 25MHz.) 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 ≥ 25 (Note 2)

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

Wgap ≥ 25 (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.


 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 as wide as the sum of the channel bandwidth of the NR interfering signal (i.e. 25MHz.) 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 ≥ 25 (Note 2)

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

Wgap ≥ 25 (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.


 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 

Since the 1st adjacent channel is for ACS requirement, so the sub-block gap size value in case 3 for in-band blocking requirement will depend on how to define the sub-block gap size value in case 3 for ACS requirement. For in-band blocking requirement, sub-block gap size is twice the interfering signal minimum offset. It should be applicable for case 1 and case 2. However, considering the different types of interfering signal, it cannot been applicable for case 3 for sub-block gap size comparing with the interfering signal minimum offset.  Hence it is proposed that the sub-block gap size is at least as wide as twice the sum of the channel bandwidth of the NR interfering signal (i.e. 50MHz.) 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 as twice the sum of the channel bandwidth of the NR interfering signal (i.e. 50MHz.) 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 ≥ 50 (Note 2)

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

Wgap ≥ 50 (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, considering the different types of interfering signal, it is inconvenience for case 3 for sub-block gap size comparing with the interfering signal minimum offset.  Hence it is proposed that the  inter RF bandwidth gap is at least as wide as the sum of the channel bandwidth of the NR interfering signal plus 2*15MHz (i.e. 55MHz.) 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 as the sum of the channel bandwidth of the NR interfering signal plus 2*15MHz (i.e. 55MHz.) 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 as wide as the sum of the channel bandwidth of the NR interfering signal (i.e. 25MHz.) 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 ≥ 55 (Note 2)

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

Wgap ≥ 55 (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.


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 ≥ 25 (Note 2)

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

Wgap ≥ 25 (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.


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.
For other TS, such as AAS and MSR, since all the Rx requirements related to NR in these TS are using NR TS as the baseline, so the corresponding corrections shall be done after the corrections in this paper for NR TS are agreed.
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 as wide as the sum of the channel bandwidth of the NR interfering signal (i.e. 25MHz.) 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 as wide as the sum of the channel bandwidth of the NR interfering signal (i.e. 25MHz.) 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 as twice the sum of the channel bandwidth of the NR interfering signal (i.e. 50MHz.) 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 as the sum of the channel bandwidth of the NR interfering signal plus 2*15MHz (i.e. 55MHz.) 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 as wide as the sum of the channel bandwidth of the NR interfering signal (i.e. 25MHz.) 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.
It shall be noted that the corresponding corrections shall be done for MSR and AAS TS after the above proposals are agreed.
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