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1. [bookmark: _Ref71097411]Introduction
In WF for NR repeaters classes and types, the following agreements were made [1]. 
	· [bookmark: _Hlk84967824]Co-location requirements framework:
· NR Repeater-repeater co-location requirements are FFS, more analysis on the necessity to include them expected in RAN4#102-e.
· 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
· 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:
· 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:
· 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 provide our insights about the co-location requirements for NR repeaters. 
2. Discussion
The spurious emission related requirements specified in the BS specification [2] are defined to protect the other BS receivers, when NR BS co-locate with other systems’ BSs (GSM900, DCS1800, PCS1900, etc.). It is also important to note that these co-located base stations may belong to the same class. In case of repeater-repeater co-location, we believe that if the co-located repeaters are in the same class, the co-located requirements for spurious emissions specified in the BS specification may be applicable. For example, in case of FR1, by observing the Table 6.6.5.2.4-1: BS spurious emissions basic limits for BS co-located with another BS in [2], there may be not any straightforward issues why the repeaters in same class may not be able to satisfy the basic limits in that table. 
Observation 1: For the co-located repeaters of the same class, the co-location spurious emission requirements specified in the BS specification can be used.
However, unlike in the case of BSs there can be different class configurations for access and backhaul sides of the repeater as shown in Figure 1. As a result, when co-locating such repeaters, there can be different scenarios that may need to discuss. For example, as shown in Figure 1 there can be two co-located repeaters with similar classes for backhaul (i.e., Class A) and access (i.e., Class B) links. Consider the possible case shown in Figure 1 (a) where both co-located repeaters receive and transmit their DL transmissions; here the co-location requirements satisfy the same class constraint specified in BS specification. However, for a scenario shown in Figure 1 (b) repeater 1 may be in DL transmission while repeater 2 may be in UL transmission. In such a case, co-location requirements do not satisfy the same class constraint. 
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	(b)

	[bookmark: _Ref90926729]Figure 1: Co-located repeaters with different class configurations for access and backhaul links


[bookmark: _Ref95752404]Observation 2: Unlike for the BS, in case of repeaters there can be deployment configurations where there can be two different classes for access and backhaul sides. 
[bookmark: _Ref95752413]Observation 3: When there are two classes for the access and backhaul sides, the ‘same class constraint’ specified in the BS specification cannot be satisfied in possible scenarios (as depicted in Figure 1 (a) and Figure 1 (b)). 
[bookmark: _Ref95752478]Proposal 1: In case of repeater-repeater co-location (including repeaters with different class configurations in backhaul and access links), when considering the spurious emissions, input IMD, or output IMD apply the most stringent constraint (selected from the ones specified for each class) so that it is applicable to both classes.  
In FDD repeater test specification [3], the input IMD requirements are specified for both UL and DL of the repeaters, while for output IMD requirements are specified only for DL. But, in case of repeater-repeater co-location both repeaters have to transmit and receive in DL and UL directions and the synchronized operation of repeaters cannot be guaranteed. Thus, we believe that in case of NR repeaters also the co-location core requirements must be specified for both UL and DL directions for both input and output intermodulation. 
[bookmark: _Ref95752484]Proposal 2: In case of NR repeaters, co-location input and output intermodulation requirements must be applied for both UL and DL directions. 
In case of BS, the requirement for out-of-band blocking is that the throughput shall be  when the interfering and wanted signals are coupled at the BS antenna connector. However, in case of repeaters throughput is not an appropriate metric to be measured. Repeater specifications mention that power in the pass band shall not increase by more than 10 dB in [4], at the output of the repeater as measured in the centre of the pass band, compared to the level obtained without interfering signals applied. It may be worth to discuss whether 10 dB is still applicable when there are different repeater classes. 
Proposal 3: Discuss whether the threshold value of 10 dB is still valid when there are different repeater classes.
When a repeater is co-located with other systems’ BSs, the values specified in [2] (Table 7.5.3-1 in TS 38.104) for interfering signal mean power may be applicable as agreed in the WF. Similarly, when there are two co-located NR repeaters the same set of interfering signal mean power values (depending on the repeater class) may be applicable. 
[bookmark: _Ref95752496]Proposal 4: In case of NR repeater co-location, the interfering signal mean power values (for each BS class) specified for co-location blocking in TS 38.104 can be applicable for repeater output intermodulation depending on the repeater class. 
In case of repeater output intermodulation, the characteristics of the interfering signal is the deciding factor to consider whether changes are needed for certain parameters for repeater-repeater co-location, compared to the co-location of repeaters with other systems’ BSs. As can be seen from [2], we see that the specification of interfering signal (i.e., signal type and signal level) can be applied as it is in the repeater specification as well.  
In case of gain of the repeater, it is not evident how the gain plays a role in the requirement setting for co-location requirements. In general, the repeater must be able to satisfy the given co-location requirements either operating at maximum gain or lower than that. 
[bookmark: _Ref95752505]Observation 4: It is not clear why co-location requirements must be specified at maximum repeater gain. 
3. Conclusion
In this contribution, we discuss the classes and type definitions for NR. We have made following observations and proposals:
Observation 1: For the co-located repeaters of the same class, the co-location spurious emission requirements specified in the BS specification can be used.
Observation 2: Unlike for the BS, in case of repeaters there can be deployment configurations where there can be two different classes for access and backhaul sides.
Observation 3: When there are two classes for the access and backhaul sides, the ‘same class constraint’ specified in the BS specification cannot be satisfied in possible scenarios (as depicted in Figure 1 (a) and Figure 1 (b)).
Proposal 1: In case of repeater-repeater co-location (including repeaters with different class configurations in backhaul and access links), when considering the spurious emissions, input IMD, or output IMD apply the most stringent constraint (selected from the ones specified for each class) so that it is applicable to both classes.
Proposal 2: In case of NR repeaters, co-location input and output intermodulation requirements must be applied for both UL and DL directions.
Proposal 3: Discuss whether the threshold value of 10 dB is still valid when there are different repeater classes.
Proposal 4: In case of NR repeater co-location, the interfering signal mean power values (for each BS class) specified for co-location blocking in TS 38.104 can be applicable for repeater output intermodulation depending on the repeater class. 
Observation 4: It is not clear why co-location requirements must be specified at maximum repeater gain.

References
[1] [bookmark: _Ref75809694][bookmark: _Hlk84968124][bookmark: _Ref70944859][bookmark: _Ref66807513]R4-2203021, WF on System Parameters
[2] [bookmark: _Ref90932707]3GPP TS 38.104, 5G; NR; Base Station (BS) radio transmission and reception
[3] 3GPP TS 36.143, LTE; E-UTRA; FDD repeater conformance testing
[4] [bookmark: _Ref95404257]3GPP TS 36.106, LTE; E-UTRA; FDD repeater radio transmission and reception

3GPP
image1.png
DL
receive

DL
receive

Repeater 1

DL

e
Transmit

Repeater 2

Access
Class B

DL

transmit





image2.png
DL
receive

uL
transmit

Repeater 1

Repeater 2

DL
transmit

uL
receive

Access ¢
Class B




