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1 Introduction
In the last meeting the WF on emission contained the following agreements
For DL ACLR:
The baseline assumption for specifying RAN4 requirements that: the passband should only contain carriers from the same operator or collaborating operators.  This assumption also will be included into pass band definition.
Agreement: Further discuss the inside and outside cases for potential ACLR requirements with following aspect:
-	Co-existence on adjacent channel within and outside of pass-band
-	Achievable performance considering repeater implementation
-	If requirements specified for inside of pass band, the requirements maybe be relaxed compared to BS ACLR
For UL ACLR
Agreements:
	For repeater with output power higher than [UE maximum output power under existing PCs], UL ACLR should be aligned with BS spec. 
	For repeater with output power equal to or less than UE power class, UL ACLR should be aligned with corresponding UE ACLR requirements.
	Test issue can be further discussed and addressed under conformance phase.
Discussion
It was agreed in the WF that it would be decided this meeting if ALCR was defined separately inside and outside the passband. 
As we assume that the ACLR is applied inside the passband contains carriers from the same operator then we can trade the potential interference issues with the benefits of the repeater for the operator in question as such bullet 3 suggesting relaxations on the BS spec may be acceptable should be considered. However it is difficult to quantify such trade-offs without carrying out co-existence simulations which will be difficult within the time of the WI. As such we should consider using existing scenarios and findings and apply them to the repeater scenarios. 
It is not completely clear that ALCR inside the passband is necessary, considering that the passband has channels from the same operator. The following scenarios seem to exist for DL.
· All channels are used, as such there are no “empty” adjacent channels in the passband
· Some RF channels are not used (yet) by the operator and hence are empty so the adjacent channel requirement applies
· Whilst this seems reasonable, if the operator owns the channels and is not using them it’s not clear what harm noise in those channels will do?
· All channels are used but not from the same BS’s
· In some locations a strong signal may be present on 1 channel from a close BS but another channel in the passband might be from a different BS and be at a low level. ACLR protection from this channel hence might be necessary.
· Whilst this scenario is plausible it’s not clear that the same operator would use different grids for different channels?
In the UL it’s likely that the UE’s are at different distances from the repeater and hence it’s almost certain that both large and small signals will be present in the passband and hence ALCR protection is perhaps more important that the DL.
Observation 1: ALCR inside the passband is more useful in UL scenarios than DL
When we are considering ALCR outside the passband as ALCR is a inside operating band requirement we need to be specific perhaps that we are discussing outside the passband but inside the operating band.
In this range there are there are 2 major differences with the inside the passband performance:
· The repeater is not intended to provide gain there so repeater gain can be filtered
· Channels will be used by other operators and hence no performance trade off can be made
It is clear in out of band protection is needed, the question is then if ACLR in particular is required or if OBUE is sufficient.
2.1	Inside passband ACLR
The repeater can of course do nothing if a signal inside the passband is applied and after amplification exceeds a particular limit. If the BS has an ACLR output level of -15dBm/MHz and the BS to repeater PL is less than the repeater gain then the output noise of the repeater will exceed the BS output level.
Repeater specification in this case should be strictly concerned with noise the repeater adds not signals that it amplifies.
These can be categorised into 2 types:
Distortion from amplifiers similar to adjacent channel spectral re-growth when a signal is present
Amplified self-generated noise from the system NF and any spurious emissions (PSU noise, harmonics of clocks etc) 
When considering ACLR we usually consider the linearity and spectral regrowth issue as this tends to be the biggest problem, but for a repeater with high gain amplified noise may also dominate.
2.1.1 Downlink
If we make some reasonable assumption for repeater performance (similar to those used in TR 25.956) then we can estimate the repeater output noise (FR1)
Repeater Gain = 90dB
Repeater NG = 5dB
Hence
Output noise = -174 + 10*log10(1MHz) + 5 +90 = -19dBm/MHz
Assuming that the ACLR absolute limit is a reasonable maximum output noise level for an unused channel then this is not significantly different from that level (-15dBm/MHz FR1 WA CAT B). 
For most wideband channels with a reasonable repeater output power the absolute limit is probably the least restrictive of the absolute and relative requirements, however there are some cases where the relative requirement is less restrictive so it is ok to keep that also.
Considering the noise floor and the non-linear noise will contribute to the adjacent channel, having the requirement 4dB higher than the expected noise floor seems reasonable.
Observation 2: The ACLR absolute noise floor requirement is compatible with the expected performance for a typical repeater.
Observation 3: The relative ACLR requirement may be least restrictive for a small number of output power and signal BW cases so it does no harm to keep it. 
Note to test the repeater it is of course necessary to have a test signal at the input that is significantly better than the expected performance of the repeater.
As the expected noise floor is lower than the required absolute ACLR there is some room for adjacent channel noise due to the non-linearity’s of the repeater amplifiers. As this is highest when a large wanted signal is present this should be tested at maximum power level.
Observation 4: The test signal should have significantly lower adjacent channel noise than the requirement.
Observation 5: ACLR should be tested at maximum output level.
As the input signal drops it would be expected that the adjacent channel absolute noise level would drop and level out at a level consistent with the repeater gain and noise figure (-19dBm from above example). It has been discussed if a noise figure requirement is needed? As the absolute ACLR (inside the passband) is only 4dB higher than the expected noise due to the noise figure, it’s not clear that it is necessary, this will be further discussed in paper on Noise figure.
2.1.2	Uplink
We have agreed that for power levels above UE power classes (class 1 is 31dBm for FR1) the ACLR is in line with UE, this is broadly 
	-30dBc or -50dBm whichever is least restrictive
For power levels above UE power classes they will be in line with BS requirements, again broadly
	-45dBc or -15dBm/MHz whichever is least restrictive.
Assuming that the UL repeater gain and NF is the same as the DL
Based on these agreements we have the following:
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It can be seen that for many UE power levels the thermal noise for the repeater amplifier is much greater than the adjacent channel requirement. Also for narrow channel BW’s there is a step in the requirement when we switch from the UE to the BS requirements.
As the UL will amplify the passband noise (in the same way as the UL) its NF and gain set the noise power out. Unlike a real transmitter where reduction in wanted signal level is achieved by reducing gain which is associated with corresponding reduction in noise, the repeater is just a fixed gain amplifier (with respect to the passband), and a reduction in output power is caused by a lower input power not a reduction in gain, as such the noise stays constant.
The -50dBm absolute limit for the UE requirement is as such much too low for the UL as even if the amplifier has a zero NF the amplified thermal noise would limit the repeater gain significantly.
Observation 6: It is not possible to meet the absolute UE adjacent channel power level or the relative UE requirement below 22dBm in a practical repeater.
Considering the UL will have a similar gain and NF to the DL in the repeater the BS absolute level of -15dBm/MHz would seem a suitable limit for the UL as well, if this is applied then we have:
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For the small channel BW’s there is still a slight relaxation due to the UE 30dBc relative limit around the 30dBm power level so it may be useful. 
This will inevitably result in higher adjacent channel noise in the UL than the UE would generate, however this is an unavoidable consequence of using repeaters. Affected channels are only those inside the passband of the repeater and hence belong to the same operator.
Observation 7: Whilst it contradicts previous agreements the DL ACLR absolute requirement seems more suitable for the UL also.
As suitable requirement might be:
For wide area repeater for UL transmission if the adjacent channel noise is greater than -15dBm/MHz then the NRACLR shall be greater than 45dBc
For Local area repeater for UL transmission if the adjacent channel noise is greater than -15dBm/MHz then the NRACLR shall be greater than 30dBc
2.1.3	FR2
For FR2 the levels are different in some cases but it seems the same approach can be taken. 
We do not have any agreed estimates on the repeater gain for NF for FR2, however taking the BS as a reference NF can be expected to be approx. 10 to 12dB. The FR2 isolation can be perhaps expected to be greater due to the much higher PL at mmWave frequencies which potentially would allow higher gain, but as the absolute ALCR requirement is -13dBm the FR2 gain will be somewhat limited by this. 
For the UL it is a similar issue as for FR1, the UE absolute level is too low to be of any practical use for a repeater requirement
[image: ]
Again a similar approach to the FR1 UL could be taken.
2.2	Outside passband ACLR
Outside the passband there is the potential to filter the outside passband noise (or reduce the gain), there is a separate requirement in existing repeater specifications which specifically deal with this.
The Out of band gain requirement is of course to ensure that signal input to the repeater are not amplified excessively, but out of band ACLR or emission are to ensure that the noise generated by the repeater is not excessive. However both benefit from the out of band filtering.
Away from the band edge the repeater gain must be lower than the “minimum donor coupling loss” which is a declared parameter which act as a minimum loss between eth BS and the repeater. This effectively ensure that any emission from the repeater due to the repeater gain (rather than generated by the repeater itself) are lower than those of the BS. From 37.106 the out of band requirement is as follows:
Table 8.1-1: Out of band gain limits 1
	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 5,0 MHz
	45 dB

	5,0  f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz  f_offset_CW
	35 dB



For 10,0 MHz  f_offset_CW the out of band gain shall not exceed the maximum gain of table 8.1-2 or the maximum gain stated in table 8.1-1 whichever is lower.
Table 8.1-2: Out of band gain limits 2
	Frequency offset, f_offset_CW
	Maximum gain

	10 MHz  f_offset_CW
	Out of band gain  minimum donor coupling loss



Assuming a similar out of band gain characteristic as for the E-UTRA repeater, we can assume approx. 45dB gain in the 1st 10MHz channel outside the pass band. As we had assumed 90dB gain for the passband this will potentially (depending on the location of the filter) reduce the self-generated noise from the repeater to reduce from -19dB/MHZ to -64dBm/MHz. 
Spectral spreading due to non-linearity’s however are unlikely to be attenuated by as much as can rely only on filtering after the PA, as such outside the passband the ALCR will be much more a measure of the PA linearity which is closer to how we generally think of ACLR.
Under these conditions the UL the UE ACLR specification now makes more sense as the expected thermal noise is now lower than absolute Adjacent channel noise requirement:
[image: ]
In the DL the absolute noise requirement is much higher and was suitable for inside passband so is also ok for outside passband.
Observation 8: The UE ACLR requirement is suitable for out of band ACLR requirement with the assumed level of out of pass band filtering from the E-UTRA repeater specification (37.106).
Proposal 1: The repeater should offer the same out of passband protection to adjacent channels as the existing requirements
Summary
This paper looks at the implications of the agreements made in the last meeting on an inside passband ACLR requirement for both DL and UL. 
For the inside passband ACLR the findings are expressed as observations rather than proposals as the case for inside passband ACLR is perhaps not very strong considering the levels are very similar to the expected gain and NF performance of the repeater.
Observation 1: ALCR inside the passband is more useful in UL scenarios than DL
For DL the following observations are made:
Observation 2: The ACLR absolute noise floor requirement is compatible with the expected performance for a typical repeater.
Observation 3: The relative ACLR requirement may be least restrictive for a small number of output power and signal BW cases so it does no harm to keep it. 
Observation 4: The test signal should have significantly lower adjacent channel noise than the requirement.
Observation 5: ACLR should be tested at maximum output level.
And for UL:
Observation 6: It is not possible to meet the absolute UE adjacent channel power level or the relative UE requirement below 22dBm in a practical repeater.
Observation 7: Whilst it contradicts previous agreements the DL ACLR absolute requirement seems more suitable for the UL also.
For the out of passband ACLR the following observations and proposal are made.
Observation 8: The UE ACLR requirement is suitable for out of band ACLR requirement with the assumed level of out of pass band filtering from the E-UTRA repeater specification (37.106).
Proposal 1: The repeater should offer the same out of passband protection to adjacent channels as the existing requirements
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