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1	Introduction
During RAN4#105, a number of issues were resolved relating to NCR RF and a WF was captured in [1]. An LS response on beamforming and uplink transmit was received from RAN1 in [2]. This document presents some further considerations on the remaining outstanding issues.
[bookmark: _Ref178064866]2	NCR-FWD requirements
It has been communicated from RAN1 and agreed in RAN4 that beamforming is supported for the access link. Currently, repeater requirements have only been defined for a repeater type 1-C. Since a beamforming on the access link implies an AAS implementation, 1-H and/or 1-O requirements are needed.
The repeater requirements for the NCR-FWD consist of:
· Power requirement
· Signal quality (repeater EVM, frequency stability) requirements
· Emissions requirements
· ACRR and out of band gain requirement
· Input intermodulation requirement
· Output intermodulation requirement
· TDD OFF requirement

For a 1-O repeater, the output power requirement can be stated as a TRP requirement and an EIRP accuracy requirement in a similar manner to 2-O.
[bookmark: _Toc127430929]For 1-O, define TRP output power and EIRP accuracy in a similar manner to 2-O

The signal quality requirements can be defined in the same manner as 1-C for both 1-H and 1-O, since they do not depend on the OTA test method. This would be the same approach as is used for a BS.
[bookmark: _Toc127430930]For 1-H and 1-O, define the repeater EVM and frequency accuracy requirements in the same manner as for 1-C.

The unwanted emissions requirements are defined as TRP for the BS and for repeater type 2-O. The same approach can be applied for 1-O. For the BS, in some cases a 9dB relaxation is applied for emissions requirements for AAS. The 9dB relaxation can be applied in a similar manner for 1-O and 1-H repeater requirements.

[bookmark: _Toc127430931]Define unwanted emissions requirements as TRP for 1-O repeaters
[bookmark: _Toc127430932]Apply the 9dB relaxation for 1-H and 1-O in the same manner as it is applied for the basestation.

The ACRR and out of band gain requirement should apply to the electronic gain of the repeater but not the beamforming gain (since the impact of the unwanted gain will act in a TRP fashion in the adjacent channels). To achieve this, the gain in the OOB gain and ACRR requirements should be based on the ratio of the TRP output power to the directional input power. This is the same approach as is applied for 2-O.
[bookmark: _Toc127430933]For 1-O, define the gain for OOB gain and ACRR as the ratio of TRP output power to directional input power in the same manner as for 2-O.

The input intermodulation requirements for 1-C are based on specific input power levels. A general requirement is defined, together with optional co-location requirements.
For OTA testing, the input signals may experience antenna gain at the input to the repeater. In the BS specification, the power level at the RIB of the input signals is reduced by ΔOTAREFSENS, which is calculated based on a declared sensitivity RoAoA. The sensitivity RoAoA is the contour around which the OTA sensitivity is 3dB lower than in the reference direction.
For NCR-FWD the same principle could be applied. However, there exists the problem that a sensitivity RoAoA is not defined for NCR-FWD, and indeed there is no sensitivity requirement. One solution that could be used to define a sensitivity RoAoA would be to assume that the NCR-FWD and NCR-MT have the same coverage pattern for the feeder link and use the NCR-MT sensitivity RoAoA. This would be a suitable approach for the vast majority of cases, however it may be useful to allow for flexibility in the specifications for the NCR-FWD and NCR-MT sensitivity RoAoA to differ.
An alternative approach for the NCR-FWD could be to define an RoAoA based on power. Assuming that the Pin,p,EIRP  is defined in the same way as for 2-O then Pin,p,EIRP is the minimum output power required to produce maximum output power when the input signal is applied in the reference direction. The “power RoAoA” could be defined as the contour of the input signal direction over which, when the input power is equal to Pin,p,EIRP, the output power is 3dB lower than the output power with the input signal in the reference direction.
[bookmark: _Toc127430934]For input intermodulation, apply a factor similar to ΔOTAREF (name TBD) to the repeater input signal power level.
[bookmark: _Toc127430935]ΔOTAREF can be defined based on the spatial contour of the input signal for which the output power of the repeater is 3dB lower than the rated output power, assuming that the input signal level is Pin,p,EIRP.

The output intermodulation requirement is defined in the BS specification as a co-location requirement. In addition to output intermodulation, also co-location related emissions requirements need to be defined as co-location requirements. Theoretically, for repeaters the output intermodulation and co-location emissions can be defined as co-location requirements using a reference antenna in a similar manner. However, the practical setup of such co-location requirements may be very complex due to the need to supply an input signal to the repeater. This necessitates a signal source as well as the co-location antenna. For the co-location related emissions, the emissions from the signal source may also be received at the reference antenna.
[bookmark: _Toc127430936]RAN4 should discuss further how to define and apply co-location requirements (for emissions and output intermodulation) considering the complexities of needing both a reference co-location antenna and of supplying a stimulus signal to the repeater.

The TDD OFF power requirement is specified as a co-location requirement in FR1 for type 1-O BS. For a repeater, a co-location setup can theoretically be applied. The stimulus signal may be received by the co-location antenna as well as the repeater, however since the measurement is expected to be made during times at which the stimulus signal is OFF, this should not be an issue.
[bookmark: _Toc127430937]Most likely, it is straightforward to apply the transmitter OFF requirement as a co-location requirement for repeater type 1-O.

[bookmark: _Ref189046994]3	NCR-MT requirements

It was agreed in [1] that for the NCR-MT, the legacy rel-17 repeater requirements should be applicable as a baseline. However, further consideration is needed because in some cases repeater requirements are not suitable for the NCR-MT. Also, for the requirements that are applicable, in some cases the measurements from the NCR-FWD and NCR-MT should be summed (or measured together), whereas in some cases the requirements should be defined in a common way but applied separately. Also, there are likely to be some additional requirements that are needed for NCR-MT but not needed for NCR-FWD.

3.1	Applicability of NCR-FWD requirements for NCR-MT

Power related requirements
In section 2, It is proposed that for a type 1-O repeater, requirements should be set on TRP and EIRP accuracy for the NCR-FWD.
For the NCR-MT, in principle the same approach should be used with requirements on TRP and EIRP accuracy. We propose that, similar to IAB-MT, the requirements on TRP and EIRP accuracy are set using the BS approach.
[bookmark: _Toc127430938]For NCR-MT, set requirements on TRP and EIRP accuracy using the BS approach (i.e., same as for IAB-MT)

For TRP, the question arises whether the declared and tested TRP should be based on the sum of the output power from NCR-FWD and NCR-MT or it should be individual. At RAN4#104bis-e, it was agreed that a baseline assumption should be that NCR-FWD and NCR-MT have the same class, and so declaring and testing the TRP together for NCR-FWD and NCR-MT is feasible and could make sense. On the other hand, the argument to define the TRP as a sum is not compelling.
[bookmark: _Toc127430939]RAN4 to discuss and agree whether to define TRP as the sum power from NCR-MT and NCR-FWD or to define TRP separately for each.
For the EIRP accuracy, a similar consideration is needed as to whether the EIRP declarations are made jointly for the NCR-FWD and NCR-MT, with the requirement being on the sum of the EIRP from both or whether the declarations and testing should be separate. If the declarations and testing are joint then the assumption would be that the beamforming capabilities for the NCR-MT would be the same as for the NCR-FWD, although it would not be strictly necessary to assume that during operation the two components point beams in the same direction simultaneously. Most likely it is a good approach to assume the same declarations and a sum EIRP for NCR-MT and NCR-FWD, although we encourage to discuss further.
[bookmark: _Toc127430940]RAN4 to discuss and agree whether to define EIRP as the sum EIRP from NCR-MT and NCR-FWD based on a common set of declarations or to define EIRP accuracy separately for each.

Signal quality related requirements
For the NCR-FWD, two requirements are defined on “repeater EVM” and frequency accuracy. Both of these requirements are defined on an output signal relative to an input signal and so are no applicable for the NCR-MT.
[bookmark: _Toc127430941]The repeater EVM and frequency accuracy requirements in the repeater specification are applicable for NCR-FWD only.
For the NCR-MT, we propose that EVM and frequency accuracy requirements are set using the IAB-MT specification as a reference.
[bookmark: _Toc127430942]For the NCR-MT, set requirements on frequency accuracy and EVM using the IAB-MT specification as a reference.

Unwanted OOB gain and ACRR requirements
The unwanted OOB gain and ACRR requirements are not relevant for the NCR-MT.
[bookmark: _Toc127430943]Requirements on OOB gain and ACRR should be applied for NCR-FWD only

Unwanted emissions and TX intermodulation
The unwanted emissions requirements protect other operators using the band as well as other systems outside of the band. They are defined as TRP, and in some cases co-location requirements. In several cases, the unwanted emissions requirements are related to regulatory requirements in different regions.
The requirements are generally set as maximum limits per piece of equipment. To ensure that regulatory limits are still met and that other spectrum users are properly protected, it makes sense to set the emissions requirements on the sum of emissions from both the NCR-FWD and NCR-MT. If the emissions requirements would be set separately for NCR-FWD and NCR-MT, then when both transmit together there would be a 3dB increase in unwanted emissions.
[bookmark: _Toc127430944]Define unwanted emissions limits as limits on the sum of the emissions from NCR-FWD and NCR-MT when both are transmitting.
The TX intermodulation requirement can be applied when both NCR-FWD and NCR-MT are transmitting.

Input intermodulation
The input intermodulation requirement relates to input signals and is not relevant to the NCR-MT.
[bookmark: _Toc127430945]Input intermodulation requirements should be applied for NCR-FWD only.

TDD off power requirement
The TDD off power and TDD transient time requirements regulate the interference arising within TDD networks. In order to maintain the same interference effects as for a BS or Rel-17 repeater, it makes sense to apply the TDD OFF power limit to the sum of the NCR-FWD and NCR-MT outputs.
[bookmark: _Toc127430946]Apply the TDD OFF power requirement to the sum of the NCR-FWD and NCR-MT outputs.

3.2	Additional requirements for NCR-MT
The NCR-MT is a transmitting and receiving sub-system that is different to the NCR-FWD. In addition to NCR-FWD requirements that may be applied for NCR-MT, some additional requirements should be considered.

Output power dynamics and power control
For the IAB-MT, the output power dynamics requirement is the maximum power control dynamic range between maximum and minimum power. The IAB-MT requirement differs between the different IAB-MT classes due to differing expectations of the propagation conditions and also hardware capability. For a WA IAB-MT, it may be expected that the propagation condition is close to LoS and the variation in power is lower than for the LA IAB-MT class.
It is likely that the same logic and limits can be applied for the NCR-MT. However RAN4 should discuss whether the propagation conditions for NCR-MT are always expected to be the same as for the corresponding IAB-MT classes.
[bookmark: _Toc127430947]RAN4 to double check that the propagation conditions and expected power control dynamic range for the NCR-MT classes is expected to be the same as for the IAB-MT classes.
The power control tolerance requirement for IAB-MT can likely be used for NCR-MT.
[bookmark: _Toc127430948]For NCR-MT, apply the same power control tolerance requirement as for IAB-MT.

Reference sensitivity
It has already been agreed at RAN4#105 to define a reference sensitivity requirement for NCR-MT. Most likely, the IAB-MT reference sensitivity requirement can be used.
[bookmark: _Toc127430949]Define the NCR-MT reference sensitivity requirement based on IAB-MT

ACS and blocking requirements
Adjacent channel selectivity and in-band blocking requirements are not defined for NCR-FWD, as they are not relevant for an RF repeater. However for the NCR-MT, which is a transmit/receive device such requirements are relevant and should be defined. 
[bookmark: _Toc127430950]Define ACS and general and narrowband blocking requirements for NCR-MT, based on IAB-MT requirements.
Similarly, an IAB-MT may experience out of band blocking requirements and so both general and co-locaiton out of band blocking requirements should be defined for NCR-MT.
[bookmark: _Toc127430951]Define general and co-location OOB blocking requirements for NCR-MT, based on the IAB-MT requirements.
Receiver intermodulation requirement
The receiver intermodulation requirement regulates the linearity of the receiver. Although the input intermodulation requirement defined for the NCR-FWD is not relevant for the NCR-MT, it is still relevant to test receiver intermodulation. This can be achieved by defining the receiver intermodulation requirement.
[bookmark: _Toc127430952]Define a receiver intermodulation requirement for NCR-MT, based on the IAB-MT intermodulation requirement.

Spherical coverage and beam correspondence requirements
In the UE specification, spherical coverage and beam correspondence requirements are defined. These requirements are defined for a UE because a UE may be oriented in any direction and may be operating in a multi-path environment without line of sight.
A repeater is in general likely to be deployed in a situation in which the link to the BS is clear and has good SNR, and will most likely have LoS. The position of the BS in relation to the repeater will not change with time. With this in mind, the BS like EIRP accuracy requirement (i.e., an ability to direct a beam in a declared direction accurately) and the OTA sensitivity requirement (to be able to achieve sensitivity within the sensitivity range) are more flexible and are sufficient for repeaters. Repeaters can quite legitimately be designed not to provide spherical coverage and may even have a static directional antenna for the service link part.
This logic is similar to IAB-MT, for which spherical coverage and beam correspondence requirements were not defined.
[bookmark: _Toc127430953]Do not define beam correspondence requirements for IAB-MT.
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Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	For 1-O, define TRP output power and EIRP accuracy in a similar manner to 2-O
Proposal 2	For 1-H and 1-O, define the repeater EVM and frequency accuracy requirements in the same manner as for 1-C.
Proposal 3	Define unwanted emissions requirements as TRP for 1-O repeaters
Proposal 4	Apply the 9dB relaxation for 1-H and 1-O in the same manner as it is applied for the basestation.
Proposal 5	For 1-O, define the gain for OOB gain and ACRR as the ratio of TRP output power to directional input power in the same manner as for 2-O.
Proposal 6	For input intermodulation, apply a factor similar to ΔOTAREF (name TBD) to the repeater input signal power level.
Proposal 7	ΔOTAREF can be defined based on the spatial contour of the input signal for which the output power of the repeater is 3dB lower than the rated output power, assuming that the input signal level is Pin,p,EIRP.
Proposal 8	RAN4 should discuss further how to define and apply co-location requirements (for emissions and output intermodulation) considering the complexities of needing both a reference co-location antenna and of supplying a stimulus signal to the repeater.
Proposal 9	Most likely, it is straightforward to apply the transmitter OFF requirement as a co-location requirement for repeater type 1-O.
Proposal 10	For NCR-MT, set requirements on TRP and EIRP accuracy using the BS approach (i.e., same as for IAB-MT)
Proposal 11	RAN4 to discuss and agree whether to define TRP as the sum power from NCR-MT and NCR-FWD or to define TRP separately for each.
Proposal 12	RAN4 to discuss and agree whether to define EIRP as the sum EIRP from NCR-MT and NCR-FWD based on a common set of declarations or to define EIRP accuracy separately for each.
Proposal 13	The repeater EVM and frequency accuracy requirements in the repeater specification are applicable for NCR-FWD only.
Proposal 14	For the NCR-MT, set requirements on frequency accuracy and EVM using the IAB-MT specification as a reference.
Proposal 15	Requirements on OOB gain and ACRR should be applied for NCR-FWD only
Proposal 16	Define unwanted emissions limits as limits on the sum of the emissions from NCR-FWD and NCR-MT when both are transmitting.
Proposal 17	Input intermodulation requirements should be applied for NCR-FWD only.
Proposal 18	Apply the TDD OFF power requirement to the sum of the NCR-FWD and NCR-MT outputs.
Proposal 19	RAN4 to double check that the propagation conditions and expected power control dynamic range for the NCR-MT classes is expected to be the same as for the IAB-MT classes.
Proposal 20	For NCR-MT, apply the same power control tolerance requirement as for IAB-MT.
Proposal 21	Define the NCR-MT reference sensitivity requirement based on IAB-MT
Proposal 22	Define ACS and general and narrowband blocking requirements for NCR-MT, based on IAB-MT requirements.
Proposal 23	Define general and co-location OOB blocking requirements for NCR-MT, based on the IAB-MT requirements.
Proposal 24	Define a receiver intermodulation requirement for NCR-MT, based on the IAB-MT intermodulation requirement.
Proposal 25	Do not define beam correspondence requirements for IAB-MT.
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