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1 Introduction
In the last meeting during the discussion on a TP for TS 38.104 on spurious emissions requirements [1] it became clear that the methodology for capturing the requirements for the different BS architecture types (conducted non-AAS, hybrid AAS etc) was not clear. 
As TS 38.104 is intended to capture NR single RAT requirements for all BS types, it is important that it is decided how the requirements for the different BS types are handles. This paper discussed the different BS architectures and how they may be referred to in TS 38.104. 

2 Discussion

2.1 Background

The TP [1]was written for sub-clause 6.6.5 which is for spurious emissions for conducted transmitter requirements. For example the minimum requirement was drafted as follows;
6.6.5.1.1.1
Minimum requirement

The power of any spurious emission shall not exceed the limits in Table 6.6.5.1.1.1-1.
Table 6.6.5.1.1.1-1: BS Spurious emission limits, Category A

	Frequency range
	Maximum level
	Measurement bandwidth
	Notes

	9 kHz – 150 kHz
	-13 dBm
	10 kHz 
	Note 1

	150 kHz – 30 MHz
	
	10 kHz 
	Note 1

	30 MHz – 1 GHz
	
	100 kHz
	Note 1

	1 GHz ‑ 12.75 GHz
	
	1 MHz
	Note 2

	12.75 GHz ‑ 5th harmonic of the upper frequency edge of the operating band in GHz
	
	1 MHz
	Note 2, Note 3

	NOTE 1:
Measurement bandwidths as in ITU-R SM.329 [x], s4.1

NOTE 2:
Measurement bandwidths as in ITU-R SM.329 [x], s4.1. Upper frequency as in ITU-R SM.329 [x], s2.5 table 1. 

[NOTE 3: 
Applies only for Bands 22, 42, 43 and 48.]


This is a relatively simple requirement where there is unlikely to be any disagreement about the values in the table. However it is important to consider how these value are applied to the architecture in question.

The text above is identical to that in 36.104 the non-AAS E-UTRA requirement.  The text does not explicitly state where the requirement applies so is covered by the statement n the general section of the transmitter section, i.e. from sub clause 6.1 of TS 36.104:
Unless otherwise stated, the transmitter characteristics are specified at the BS antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions
For the AAS conducted requirements the architecture is different and spurious emissions requirements are applied to the sum of emissions from the whole BS i.e. multiple transceivers. As the entire AAS BS may have multiple frequency bands and the conducted interface TAB (Transceiver Array Boundary) connectors may consist of different type, i.e. single band, multi-band etc, for the purposes of most of the requirements where the requirement is placed on the sum of the output, TAB connectors are declared in groups. IN simple terms for example all band 1 connectors could be one group, all band 5 connectors another. Hence from sub-clause 6.6.6.4 of TS 37.105:

6.6.6.4
Minimum requirement for single RAT E-UTRA operation

The single RAT E-UTRA spurious emission basic limits are the same as those specified in 3GPP TS 36.104 [8], subclauses 6.6.4.1-6.6.4.4.

The spurious emission requirements for an E-UTRA single RAT AAS BS are that for each TAB connector TX min cell group and for each applicable basic limit as specified in 3GPP TS 36.104 [8], the total emissions at the TAB connectors associated with the TAB connector TX min cell group shall not exceed an AAS limit specified as the basic limit + 10log10(NTXU,countedpercell).

NOTE:
Conformance to the AAS BS spurious emission requirement can be demonstrated by meeting at least one of the following criteria as determined by the manufacturer:

1)
The sum of the emissions power measured on each TAB connector in the TAB connector TX min cell group shall be less than or equal to the AAS BS limit as defined in this subclause for the respective frequency span. 

Or

2)
The unwanted emissions power at each TAB connector shall be less than or equal to the AAS BS limit as defined in this subclause for the respective frequency span, scaled by -10log10(n), where n is the number of TAB connectors in the TAB connector TX min cell group.

In the AAS specification , in some cases the basic limit is referenced without repeating the table and in other the table is repeated (and modified) and the ‘maximum level’ column is renamed ‘basic limit’. Where possible in TS 37.105 referencing is used to prevent the document becoming too large.
2.2 Architectures

The latest AAS reference architectures are shown below:
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Figure 1. TS 37.105 - Figure 4.4-1: General architecture of hybrid AAS BS 
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Figure 2. TS 37.105 -  Figure 4.4-2: General architecture of OTA AAS BS 
The non-AAS architecture is not so explicitly defined as until the AAS requirements were developed it was not such an issue, the antenna connector was straight forward. However the transmitter test ports and receiver test ports are defined in the respective sections of TS 36.104 (and the other non-AAS specifications)
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Figure 3. TS 37.105 - Figure 6.1-1: Transmitter test ports
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Figure 4. TS 37.105 - Figure 7.1: Receiver test ports

It should be noted that the relation between test port A and test port B are 1:1, i.e. there are no splitting or summation networks from other signal sources. 

2.2.1 Additional devices

The non-AAS architecture explicitly mentions additional devices such as external PA’s, LNA’s filters etc, whereas the AAS architecture does not. If a common architecture is to be considered this must be resolved

The non-AAS diagram includes additional devices and places the appropriate test port at the output (or input) of those devices. 

Active device PA or LNA

· For non-AAS is included in the test object

· For the AAS architecture the RDN (Radio Distribution network) is defined as a passive network, hence any active electronics (PA or LNA) must be in the transceiver unit array. 

· This is location of the PA or LNA consistent for non-AAS and AAS

External Filter

· For non-AAS it is included in the test object

· For AAS, a filter is passive so could be included as part of the RDN – however the filter is probably required to help pass the conducted emissions and blocking requirements so this would be a strange partition. It would not be good to restrict RDN or antenna array form filtering function however as antenna band limiting may be useful.

· There is a minor inconsistency here but it is unlikely to be an issue, both non-AAS and AAS must have sufficient filtering in the transceiver unit array to pass the requirements so no risk involved.

2.2.2 Single antenna connector vs. system

The key differences in terms of the architectures of non-AAS and AAS are:

· The non-AAS requirements are defined for a single transceiver at the antenna connector.

· The AAS requirements are defined for all TAB connectors in a group (usually a band) at the transceiver array boundary.
· The emissions limit scales with the number of transceiver units and is capped at 8 (for E-UTRA)

It should be noted that the AAS specification was written with the intention that a single non-AAS transceiver could have an antenna attracted to it and be called an AAS and would provide the same protection and performance in both cases.

Hence if an AAS consisted of a single transceiver unit, then 10log10(NTXU,countedpercell) =1 and hence 

basic limit + 10log10(NTXU,countedpercell) = basic limit = non-AAS maximum level.

If a non-AAS were treated as a special type of hybrid AAS which had a single transceiver unit and no antenna (and hence no radiated requirements), then the existing AAS specification, TS 37.105 would provide exactly the same set of requirements as the respective non-AAS requirement e.g. TS 36.104 for SR E-UTRA.

2.3 Options for specification drafting
Clearly the method used in the TP [1] is not suitable as it only covers the non-AAS option. There are a number of ways that the conducted part of the specification can be arranged so that both non-AAS and hybrid AAS conducted can be incorporated.

1. non-AAS uses same limits as AAS but N =1 (and no antenna)
Pro’s 

efficient specification drafting – all requirements are specified as basic limits

Highlights fact that non-AAS and AAS are providing same protection/performance

Con’s 

Traditional non-AAS requirements at antenna connector don’t exist – could be confusing for people used to the traditional xx.104 requirements.

AAS specifications by necessity have complications with scaling and groups, hence nom-AAS requirements are more complicated than before. 

2. Use different sections for non-AAS and AAS.

Pro’s

Allows non-AAS architecture to remain distinct from AAS

Allows non-AAS to maintain fully separate set o requirements.

Cons’


Existing approved spec structure does not easily allow for such separation

Large amount of duplication of tables etc

Specification will become large

Maintenance will require updates of 2 sections, with similar changes

3. Attempt to specify both non-AAs and AAS in a single section with different requirements/ columns

Pro’s



Non-AAS architecture will still remain distinct

Con’s


Duplication in tables and other specification text

may be confusing to reader to distinguish between the two (text will always have to start “ for non-AAS….” Or “ for AAS….”) 

In the past the non-AAS specifications, the 1st AAS specification were based on the existing non-AAS specifications. As such maintaining the integrity of the non-AAS specifications was very important.
For NR AAS is considered from eth start and will play an important part in NR functionality, hence combining the requirements as in option 1 seems reasonable and also will result in the most efficient specification drafting.

If it is still important to have a distinct set of non-AAS requirements then clearly option 2 or 3 should be used.
3 Summary
The issue with how to separate the conducted requirements for non-AAS and hybrid AAS in TS 38.104 has been discussed. 3 Options have been presented:
1. non-AAS uses same limits as AAS but N =1 (and no antenna)

2. Use different sections for non-AAS and AAS.

3. Attempt to specify both non-AAs and AAS in a single section with different requirements/ columns

The most efficient option is option 1, however if it remains important that the non-AAS requirements are distinct and separate from AAS ten option 2 or 3 should be selected.
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