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1 Introduction
In the last meeting the WF (R4-2120653) had an open issue on repeater co-location requirements for multi-band repeaters, as follows:
· 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 paper we look at these open issues.
2 Discussion
Repeater deployment scenarios are similar to those if the BS in terms of location, proximity to UE etc. However it is not clear that a repeater would ever be co-located with a BS even if it is of another band? If a site is suitable for a BS then why would repeater be deployed?
That said it can be considered if the requirements would be any different to those for protection against another repeater.
The nose important difference for a repeater over a BS is that a repeater may oscillate if its gain is greater than its isolation. As such a co-located repeater in a different band might reduce the isolation and risk oscillations
For example for FR1
[image: ]
To prevent osculation the repeater B2 gain (in B1) would need to be less than:
	X < -(10+90+10-30+10+10-30) = -70dB
This is perhaps worst case as it includes the antenna gain, but it is probably better to be safe in such circumstances.
Proposal 1: OOB gain in co-location bands must be less that [-70dB].
The other issue is emissions, if a repeater is co-located with another BS then we would expect its emission to be as low as an equivalent BS (-96dBm).
Proposal 2: Repeater meet co-location emissions requirements
 If we consider that the repeater could conceivably reapply signals from its input even from other bands. CAT A emissions are -13dBm, if the co-location gain is -70dBm then the isolation between the repeater and a non co-located CAT emitter must be greater than -98 +70 +13 = -13dB. The isolation between 2 co-located systems is greater than this so it would seem that the isolation specified for repeater to repeater co-location is sufficient for repeater to BS co-location.
Observation 1: repeater to repeater OOB co=location gain is sufficient for repeater to BS co-location protection
Finally we should consider co-location blocking. A repeater does not have a receiver as such so cannot be blocked, there is a risk that a very large input signal could damage it or possibly compress the amplifiers so that in-band performance is affected. So a repeater should be able to withstand a co-location input signal of up to +16dBm (the BS co-location blocking level) but it is not clear what requirement would need to be tested under these conditions. The most similar to the blocking sensitivity test would be the NF test, for which we have proposed a low power EVM test with a wanted signal.
Proposal 3: For co-location blocking the repeater NF could be tested with a low power wanted signal and a large blocking signal in the co-location band.
For FR2 there are no co-location requirements, this is for 2 reasons
1: No FR2 to GFR1 requirements are needed due to high isolation between FR1 and FR2
2: FR2 to FR2 co-location was not seen to be needed at this stage due to low number of FR2 bands.
The same arguments can be applied to the repeater hence no FR2 co-location requirements are needed.
Proposal 4: No FR2 co-location requirements are needed.
Summary
The repeater to repeater and the repeater to BS co-location requirements were discussed and the following proposal and observations made:
Proposal 1: OOB gain in co-location bands must be less that [-70dB].
Proposal 2: Repeater meet co-location emissions requirements
Observation 1: repeater to repeater OOB co=location gain is sufficient for repeater to BS co-location protection
Proposal 3: For co-location blocking the repeater NF could be tested with a low power wanted signal and a large blocking signal in the co-location band.
Proposal 4: No FR2 co-location requirements are needed.
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