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Introduction
Following RAN4#101bis-e, the main open issue in the system parameters discussion related to co-location requirements framework. (Co-location requirements themselves are not really system parameters; they are TX and RX radio requirements, but their framework and applicability may be viewed as a system parameter discussion). Outstanding issues are as follows:
· Whether there is a difference in repeater-repeater and repeater-gNB co-location
· Whether the co-location requirements should be applied in uplink or downlink or both
· How to define co-location related input IMD requirements
· How to define the output IMD requirements
· The need for and definition of a co-location out of band gain requirement
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Difference between repeater-repeater and repeater-gNB co-location requirements
The co-location requirements consist of requirements on unwanted emissions towards a co-located node and requirements relating to blocking in the receiver due to a co-located node.
The emissions requirements relate to the impact of the repeater under test to a victim node.
· If the victim is another BS, then clearly meeting the BS co-location emissions requirement will be sufficient.
· If the victim is another repeater, then the victim repeater may amplify and forward the emissions from the co-located aggressor repeater. 
· Considering the Wide Area case, the emissions requirement is -96dBm. Assuming that the victim repeater has a gain of 90dB and that there is a coupling loss of at least 30dB, then the level of the amplified emissions would be -96 + 90 – 30 = -36dBm. This is lower than the Category B spurious emissions limit for any carrier bandwidth and far lower than in-band emissions limits, hence the amplified emissions from the victim repeater due to the co-located repeater will not be a significant problem.
· For the MR and LA case, the co-location emissions levels are slightly higher and the coupling loss between the repeaters might be slightly lower. However, it is not expected that the resulting amplified emissions will be a significant problem as the level will still be very low.
Based on the above observations, it can be concluded that the co-location emissions requirements are suitable for co-location with both BS and other repeaters.
Observation 1: The co-location emissions requirements are suitable for co-location with both other BS and other repeaters
The BS co-location blocking requirements are based on an expected worst-case power from the transmitter of a co-located BS transmitter, with 30dB coupling loss achieved. For WA, the requirement is 16dBm. Since the maximum power limits for repeaters are the same as for BS for each class, it is reasonable to expect that the co-location blocking level will be the same regardless of whether the co-located node is a repeater or a BS.
Observation 2: Since repeater power limits are the same as BS power limits, the co-location RX level for the repeater can be the same regardless of whether the co-located node is a repeater or a BS.

Proposal 1: The same co-location requirements can be applied for co-located BS or co-located repeater.

Whether the co-location requirements should be applied in uplink or downlink or both
Some repeaters will have the BS and UE sides integrated, whereas for others there may be the possibility of separation of the BS and UE sides of the repeater. In case the BS and UE sides are separated then it may be that one side of the repeater can be co-located with another BS/repeater but the other side is not intended to be. To enable this, co-location could be declared for the BS side and UE side separately.

Proposal 2: Enable separate declaration of whether the BS side, UE side or both sides of the repeater can be co-located (per band).

In case the BS side can be co-located, then TX co-location requirements should be applied for the uplink and RX co-location requirements for the downlink. If the UE side can be co-located, then the reverse should apply.
Proposal 3: If the BS side is declared to meet co-location requirements, then it should meet TX co-location requirements for the uplink and RX co-location requirements for the downlink.
Proposal 4: If the UE side is declared to meet co-location requirements, then it should meet TX co-location requirements for the downlink and RX co-location requirements for the uplink.

How to define the co-location input IMD requirements
The interferer signal power level (e.g. 16dBm for WA) for co-location depends on the TX power and coupling to the other co-located node and should be the same for a repeater as is the case for a BS. 
For the BS co-location requirement, the metric is defined as achieving throughput with the sensitivity FRC, with a raised input signal power. This metric allows for a degradation of the noise floor due to the RX interferer. The allowed sensitivity degradation is 6dB for NR.
A means to assess the impact of the co-location interferer on the repeater can be to measure the power at the repeater output (with the repeater gain turned on) with no in-band input signal and both with / without the presence of the interferer. To be comparable with the BS requirement, the allowed increase in output power should be 6dB. The E-UTRA repeater specification specifies 10dB. Since a repeater is not attempting to receive the signal and is amplifying, it is not obvious that the allowed increase needs to correspond to the BS requirement. However, the requirement should ensure that the repeater does not cause interference into the passband when co-located.
A requirement is to be introduced on output power with no input signal within the passband. To avoid co-location from causing additional interference, one possibility could be to apply the requirement on emissions within the passband where there are no carriers additionally where there is a co-location interferer present. 
Proposal 5: For co-location RX requirements, set the interferer level to be the same as for the BS co-location. The repeater should then meet the in-passband “OBUE” requirement with the co-location interferer present.

How to define the output IMD requirements
In the BS specification, the TX IM requirement consists of applying a reverse IM signal when the BS is at maximum output power and requiring that emissions requirements (ACLR, OBUE, spurious) are met. The same approach can be adopted for the repeater requirement.
Proposal 6: For the repeater output IMD requirement
· Ensure the repeater is at maximum output power
· Apply a reverse IM signal with a power level 30dB lower than the repeater output power
· Require that ACLR, OBUE and spurious emissions requirements are met (as applicable) outside of the passband.

The need for and definition of a co-location out of band gain requirement
If a repeater is co-located with another repeater or BS, then it is important that the repeater does not re-amplify the co-located carrier and cause interference in the other band. To avoid causing interference, the output power of the other band at the aggressor repeater output should be lower than the output power in the other band for the co-located victim BS/repeater by at least the ACLR level. Assuming an ACLR of 45dB in the victim band and 30dB isolation between the co-located receivers, then a co-location out of band gain requirement of less than -15dB gain is needed.
Analysis in [1] suggested that, in case the output and input of the co-located repeaters is coupled then an OOB gain requirement of -70dB is needed. This analysis appears to contain additional 10dB gain blocks and it would be useful to further understand the presence of these. Without the blocks, the requirement would be -30dB OOB gain.
Proposal 7: The OOB gain should be no greater than -15dB to avoid re-amplification of a co-located carrier in another band. In case of coupled repeaters, clarify whether the requirement should be -70 or -30dB. The OOB gain requirement for co-location could be set as the worst case gain (i.e. lowest value)
Conclusion
Proposal 1: The same co-location requirements can be applied for co-located BS or co-located repeater.
Proposal 2: Enable separate declaration of whether the BS side, UE side or both sides of the repeater can be co-located (per band).
Proposal 3: If the BS side is declared to meet co-location requirements, then it should meet TX co-location requirements for the uplink and RX co-location requirements for the downlink.
Proposal 4: If the UE side is declared to meet co-location requirements, then it should meet TX co-location requirements for the downlink and RX co-location requirements for the uplink.
Proposal 5: For co-location RX requirements, set the interferer level to be the same as for the BS co-location. The repeater should then meet the in-passband “OBUE” requirement with the co-locaiton interferer present.
Proposal 6: For the repeater output IMD requirement
· Ensure the repeater is at maximum output power
· Apply a reverse IM signal with a power level 30dB lower than the repeater output power
· Require that ACLR, OBUE and spurious emissions requirements are met (as applicable) outside of the passband.
· Proposal 7: The OOB gain should be no greater than -15dB to avoid re-amplification of a co-located carrier in another band. In case of coupled repeaters, clarify whether the requirement should be -70 or -30dB. The OOB gain requirement for co-location could be set as the worst case gan (i.e. lowest value)
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