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Introduction

During the RAN4#101-e meeting, an WF[1] on Co-location requirements for multi-band repeaters agreed following:

	Issue 1-2: Co-location requirements for multi-band repeaters

Way forward:
The following aspects will be analysed in next meeting to define the co-location requirements for multi-band repeaters.
Co-location scenarios for NR repeaters
Protect BS (?)
Protect repeater (?)
The following requirements will be references, the applicability will be studied.
LTE repeater co-location requirements.
NR BS co-located requirements
Other possible technical issues such as IMD problem can also be analysed.


In this contribution, we want to share some analysis about this issue.
Discussion 

2.1. Co-location scenarios for NR repeater
During the last meeting, the issue of how to define the co-location requirements for NR multi-band repeaters was discussed. For LTE repeater, the TS 36.106[2] already defined the co-location requirements, these requirements include two aspects.When the repeater is co-located with other devices:

The repeater needs to protect the receivers of other devices, such as BS(protecting others).
The repeater needs to ensure that its receiver is protected from interference from other co-located devices(self-protection). 
From the perspective of protecting others, a transmitter-related requirements need to be defined. In TS 36.106, the “protecting others” requirements are defined under the spurious emission clause. However, the similar content is also defined in NR BS specification i.e. TS 38.104[3]. A significant difference is the LTE Repeater co-location spurious emission requirement only considered the WA scenario. However, the NR BS co-location spurious emission requirements are associated with the BS class, and this is because different classes of BS will have different noise floor. When we define the co-location requirement, we need to determine the value of spurious emission according to the noise floor of the BS that needs to be protected. Therefore, we believe that it is  appropriate to associate the spurious emission co-location requirements with the repeater class. 
Proposal 1: It is appropriate to associate the co-location spurious emission requirement with the repeater class.
For the repeater type, we have reached a agreement[4] at the last meeting:

	In Rel-17 RF repeater WI, only repeater Type 1-C and 2-O are supported. 


Refer to the description of multi-band operation in NR BS specification, the multi-band operation could be supported by three types, which are:
Multi-band connector, the BS type 1-C may be capable of supporting operation in multiple operating bands with different implementations at the antenna connector.
Multi-band connector, the BS type 1-H may be capable of supporting operation in multiple operating bands with different implementations at the TAB connector.
Multi-band RIB, the BS type 1-O may be capable of supporting operation in multiple operating bands with different implementations at the radiated interface boundary.
However, since the type 1-H repeater will not be supported in R17 specification, when the term “multi-band connector” defined in clause 4.8 of TS 38.104 is applied to repeater, only type 1-C repeater will be included. In addition, for type 2-O, there is no relevant multi-band description in the latest BS specification, so whether the concept “multi-band RIB” is applicable for type 2-O BS, and whether the type 2-O BS could support multi-band operation is still unclear. Similarly, there is also a lack of explicit conclusions on whether FR2 repeater could support multi-band operation. Therefore, we suggest that the requirements related to multi-band at this stage are only applicable to repeaters of type 1-C.
Proposal 2: The requirements related to multi-band co-location at this stage are only applicable to type 1-C repeaters.

Moreover, for repeaters, multi-band operation (repeater) seem to lack a clear definition. Considering the definition of BS Multi-band connector:

	multi-band connector: Antenna Connector of BS type 1-C or TAB connector of BS type 1-H associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band


In fact, CA can also be regarded as a multi-band situation, so for NR BS, the definition of Multi-band connector needs to take CA into consideration. For repeater, the concept of carrier will no longer apply, because the operation of the repeater will be described by “pass band”. Therefore, we suggest clarifying the definition of multi-band repeater.
Proposal 3: Define the the following definition: “multi-band repeater: Antenna Connector of repeater type 1-C  associated with a transmitter or receiver that is characterized by the ability to process two or more pass band(s) in common active RF components simultaneously, where at least one pass band is configured at a different operating band than the other pass band(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band.”
From the perspective of self-protection, a receiver-related requirements need to be defined. In TS 36.106, the “self-protection” requirements are defined under the input intermodulation clause. However, the description text of input intermodulation defined in TS 36.106 shows that this requirement is used to protect the repeater to the repeater:

	The input intermodulation is a measure of the capability of the repeater to inhibit the generation of interference in the pass band, in the presence of interfering signals on frequencies other than the pass band.


But the co-location requirement under this clause mentions the base station:

	This additional input intermodulation requirement may be applied for the protection of E-UTRA FDD Repeater input when GSM900, DCS1800, PCS1900, GSM850, UTRA FDD, UTRA TDD and/or E-UTRA BS are co-located with an E-UTRA FDD Repeater


Apparently, these definitions are confusing and need some clarification. In addition, this specification only considered the co-location requirement with FDD repeater, for NR repeater, the TDD repeater co-location scenario must be considered. We suggest that the description text of input intermodulation can refer to the relevant text in the NR BS specification. As for co-location requirements of TDD repeater, we believe that the co-located TDD repeater that are synchronized and using the same or adjacent operating band can transmit without special co-locations requirements. For unsynchronized TDD repeater, it may need further evaluation.
Proposal 4: The description text of input intermodulation can refer to the relevant text in the NR BS specification, and the co-located TDD repeater that are synchronized and using the same or adjacent operating band can transmit without special co-locations requirements. For unsynchronized TDD repeater, it may need further evaluation.
2.2. The reference specification of co-location requirement
In fact, a lot of research work has been done on co-location requirements in the LTE stage, and these research work has also proven to be valuable, which can ensure that LTE repeaters will not cause additional interference during co-location deployment. However, since NR introduces many new operation bands, it is difficult to fully reuse the co-location requirement of LTE repeater. In addition, after the completion of TS 36.106, some new E-UTRA bands were implemented, and these bands were not included in 36.106(such as E-UTRA Band 85). For multi-band repeater, we believe that it is reasonable to re-use the co-location requirements of NR or LTE respectively, and there is no need to make additional changes to the requirements, only declare the exclusion or provision of the multi-band scenario through Notes.
Proposal 5: It is reasonable to re-use the co-location requirements of NR or LTE respectively; No need to make additional changes to the requirements; declare the exclusion or provision of the multi-band scenario through Notes.
Considering that NR BS has made detailed definition of spurious emission co-location requirements, we believe that re-using the BS spurious emission co-location requirements in TS 38.104 could be a good starting point.
Proposal 6: We believe that re-using the BS spurious emission co-location requirements in TS 38.104 could be a good starting point.

For input intermodulation, the general input intermodulation in the NR BS specification is as follows:

	Table 7.7.2-2: Interfering signals for intermodulation requirement

BS channel bandwidth of the lowest/highest carrier received (MHz)
Interfering signal centre frequency offset from the lower/upper Base Station RF Bandwidth edge (MHz)
Type of interfering signal (Note 3)
5
±7.5
CW
±17.5

5 MHz DFT-s-OFDM NR signal (Note 1)

10
±7.465

CW

±17.5

5 MHz DFT-s-OFDM NR signal (Note 1)

15
±7.43

CW

±17.5

5 MHz DFT-s-OFDM NR signal (Note 1)

20
±7.395

CW

±17.5

5 MHz DFT-s-OFDM NR signal (Note 1)

25
±7.465

CW

±25

20MHz DFT-s-OFDM NR signal (Note 2)

30
±7.43

CW

±25

20 MHz DFT-s-OFDM NR signal (Note 2)

40
±7.45

CW

±25

20 MHz DFT-s-OFDM NR signal (Note 2)

50
±7.35

CW

±25

20 MHz DFT-s-OFDM NR signal (Note 2)

60
±7.49

CW

±25

20 MHz DFT-s-OFDM NR signal (Note 2)

70
±7.42

CW

±25

20 MHz DFT-s-OFDM NR signal (Note 2)

80
±7.44

CW

±25

20 MHz DFT-s-OFDM NR signal (Note 2)

90
±7.46

CW

±25

20 MHz DFT-s-OFDM NR signal (Note 2)

100
±7.48

CW

±25

20 MHz DFT-s-OFDM NR signal (Note 2)

NOTE 1:
Number of RBs is 25 for 15 kHz subcarrier spacing and 10 for 30 kHz subcarrier spacing.

NOTE 2:
Number of RBs is 100 for 15 kHz subcarrier spacing, 50 for 30 kHz subcarrier spacing and 24 for 60 kHz subcarrier spacing.

NOTE 3: 
The RBs shall be placed adjacent to the transmission bandwidth configuration edge which is closer to the Base Station RF Bandwidth edge.



In NR BS specification, CW signal and NR signal are used to define the input intermodulation requirements. But for repeater, since the operation band of the repeater is defined by the pass band, when determining the frequency offset (ensure that the intermodulation product can be placed to the center or the edge of the pass band), it cannot be defined by different bandwidths like BS. Moreover, the input intermodulation requirements of LTE repeater has been verified to be feasible in past repeater implementation, so we think the LTE repeater input intermodulation requirements could be a good starting point.
Proposal 7: The LTE repeater input intermodulation requirements could be a good starting point.

For multi-band repeater, an unavoidable issue is that intermodulation products may also be generated between different pass bands. Therefore, we suggest that the input intermodulation requirement shall apply in addition inside any Inter RF pass band gap, which could prevent intermodulation products between multiple pass bands from interfering with the repeater's receiver.

Proposal 8: The input intermodulation requirements shall apply in addition inside any Inter RF pass band gap.

Conclusions
In this contribution, we shared some considerations on repeater multi-band co-location requirements, the following proposals are made:

Proposal 1: It is appropriate to associate the co-location spurious emission requirement with the repeater class.
Proposal 2: The requirements related to multi-band co-location at this stage are only applicable to type 1-C repeaters.

Proposal 3: Define the the following definition: “multi-band repeater: Antenna Connector of repeater type 1-C  associated with a transmitter or receiver that is characterized by the ability to process two or more pass band(s) in common active RF components simultaneously, where at least one pass band is configured at a different operating band than the other pass band(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band.”
Proposal 4: The description text of input intermodulation can refer to the relevant text in the NR BS specification, and the co-located TDD repeater that are synchronized and using the same or adjacent operating band can transmit without special co-locations requirements. For unsynchronized TDD repeater, it may need further evaluation.

Proposal 5: It is reasonable to re-use the co-location requirements of NR or LTE respectively; No need to make additional changes to the requirements; declare the exclusion or provision of the multi-band scenario through Notes.
Proposal 6: We believe that re-using the BS spurious emission co-location requirements in TS 38.104 could be a good starting point.

Proposal 7: The LTE repeater input intermodulation requirements could be a good starting point.

Proposal 8: The input intermodulation requirements shall apply in addition inside any Inter RF pass band gap.
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