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Introduction

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

	Way Forward

Multi-Band Repeater Definition

Multi-band repeater definition:

Mutli-band repeater: Repeater Type 1-C whose antenna connector is associated with a transmitter and/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.
Repeater type 2-O is FFS.
Co-location requirements

Co-location requirements framework:

Agreement: Retain co-location related requirements in repeater spec assuming repeater maybe co-located with gNB and/or other repeater over different non-overlapping frequency range.

NR Repeater-repeater co-location requirements are FFS, more analysis on the necessity to include them expected in RAN4#102-e.
Agreement: NR BS co-location spurious emission requirements can be reused for multi-band NR repeater co-location requirements

Differentiate repeater co-location requirement based on repeater class
FFS this requirement applies to the uplink and downlink of the repeater, at maximum gain. 
Input IMD

Agreements: 

Reuse the same interference signal level as NR BS co-location out of band blocking requirements for repeater co-location input IMD: i.e. 16dBm for WA, 8dBm for MR and x dBm for LA(note 2 of Table 7.5.3-1 in TS 38.104 )

differentiate based on repeater class (similar to BS)
Apply input IMD requirements also inside any pass band gap.

FFS whether there should be different requirements when repeater is co-located with another repeater.

FFS this requirement applies to the uplink and downlink of the repeater, at maximum gain.
Output IMD
Agreements:


Take NR BS TX IMDrequirements as baseline

interference signal strength is assumed to be 30dB lower than output power of wanted signal
FFS whether there should be different requirements when repeater is co-located with another repeater
FFS whether the requirement only apply to the downlink of the Repeater.
OOB gain
Agreements: 
Further check whether we need co-location OOB gain requirements, if it’s approved to define such requirement, the candidate value is [-70dB].


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

During the last meeting, the co-location requirements framework of NR repeaters was discussed. However, the NR repeater-repeater co-location requirements are still FFS. Before discussing this issue, we think it is necessary to review how the values of co-location requirements are derived. The following table is an excerpt from BS spurious emissions co-location requirements in TS 38.104[2]:

	Table 6.6.5.2.4-1: BS spurious emissions basic limits for BS co-located with another BS(Excerpt)
Type of co-located BS
Frequency range for
Basic limits
Measurement
Note
co-location requirement
WA BS

MR BS
LA BS
bandwidth
NR Band n77

3.3 – 4.2 GHz

-96 dBm

-91 dBm

-88 dBm

100 kHz

This is not applicable to BS operating in Band n48, n77 or n78

NR Band n78

3.3 – 3.8 GHz

-96 dBm

-91 dBm

-88 dBm

100 kHz

This is not applicable to BS operating in Band n48, n77 or n78




For different BS classes, the interference level should not exceed the noise floor of the victim BS receiver. The following equation explains how spurious emission is derived: 

Spurious Emission Level － Minimum Coupling Loss (MCL) ＜ Thermal Noise － 7dB 
→ Spurious Emission Level < Thermal Noise – 7 dB + MCL
The Thermal Noise of BS receiver is derived from the following equation:

Thermal Noise = kT0 + Noise Figure (NF) + 10 log10 (BW)

The Measurement bandwidth of spurious emission equal to 100 kHz, therefore the equation above could be written as:

Thermal Noise = kT0 + Noise Figure (NF) + 50dB
The BS of different classes will have different Noise figures. Generally, in most 3GPP spec, we assume that the WA NF = 5dB, MR NF = 10dB, and LA NF = 13dB. 
For co-location BS, the MCL defined in TS 38.104 are following:

	The requirements assume a 30 dB coupling loss between transmitter and receiver and are based on co-location with base stations of the same class.


Therefore, the Spurious Emission Level of WA BS should be:

Spurious Emission LevelWA ＜ kT0 + NFWA  + 50dB －7dB + MCL
= 174dBm/Hz + 5dB + 50dB－7dB + 30dB
→Spurious Emission LevelWA ＜ -96dBm/100kHz
The Spurious Emission Level of MR BS should be:

Spurious Emission LevelMR ＜ kT0 + NFMR  + 50dB －7dB + MCL
= 174dBm/Hz + 10dB + 50dB－7dB + 30dB
→Spurious Emission LevelMR ＜ -91dBm/100kHz
The Spurious Emission Level of LA BS should be:

Spurious Emission LevelLA ＜ kT0 + NFLA  + 50dB －7dB + MCL
= 174dBm/Hz + 13dB + 50dB－7dB + 30dB
→Spurious Emission LevelLA ＜ -88dBm/100kHz
Observation 1: Under co-location scenario, the spurious emission requirement is determined by the NF of the victim receiver.
However, the agreements we achieved in last meeting could only cover the receiver of BS, because we do not have a clear conclusion on the NF of different classes repeaters. For BS, different classes will have different sensitivity requirements i.e. the sensitivity of WA BS is more stringent than that of MR BS and LA BS. However, we can not simply apply the same requirement to repeater. In some vintage specs (such as TS 25.956[3]), we have some assumptions about the repeater's NF:

	5.5.1
Normal repeater parameters

The following parameters are seen to represent a repeater intended for normal applications;
P_max_DL (maximum power down-link) = 30 dBm
P_max_UL (maximum power up-link) = 12 dBm (the value can be reduced with respect to the Downlink due to the uplink power control mechanism)
G (gain, common for both directions) = 90 dB
NF (noise figure) = 5 dB


Apparently, this value is aligned with WA BS, but the NF of MR and LA repeaters seems to lack a clear conclusion. Regarding the previous discussion, the repeater will be considered as a BS, so we believe that it is reasonable to require the receiver of repeater to have the same performance as the receiver of BS, which means that the NF  should be aligned with the BS receiver. However, considering that RAN4 may not specify NF-related requirements for repeaters, it may not be feasible to determine the spurious level of repeater-repeater co-location by NF. In addition, since the A&F operation of repeater will introduce additional noise, we believe that the NF of the repeater should be handled carefully. A lower NF can ensure that the repeater will not amplify and forwarding its own noise.  In current stage, we prefer to keep the 5dB assumption. Therefore, the repeater-repeater co-location requirement should be aligned with WA BS i.e. -96dBm/100kHz.
Proposal 1: The NR repeater-repeater co-location spurious emission requirements are necessary and the value should be aligned with WA BS i.e. -96dBm/100kHz.
Conclusions
In this contribution, we shared some considerations on repeater multi-band co-location requirements, the following proposals are made:

Observation 1: Under co-location scenario, the spurious emission requirement is determined by the NF of the victim receiver.
Proposal 1: The NR repeater-repeater co-location spurious emission requirements are necessary and the value should be aligned with WA BS i.e. -96dBm/100kHz.
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