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1. Introduction
The TP in [5] proposes clarifications regarding the transmit antenna connector configurations for the applicable CA scenarios based recent changes for the MSR specifications as per [4].

This paper discusses the applicability of TX requirements as a function of the # of antennas in some more detail. 
2. Discussion

Based on recent changes of the MSR specifications as per [4] it is proposed in the companion paper in [5] that 
Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with multiple transmitter antenna connectors, transmit diversity or MIMO transmission, the requirements apply for each transmitter antenna connector. 

It is, however, relevant to consider whether the unwanted emission limits in clause 6.6 shall be applied under this principle also for the potentially large number of transmitter antenna connector possible within the Rel-10 timeframe of LTE-A: e.g. a BS may use in the space dimension up to 8 transmitter antenna connectors for MIMO, not excluding further transmitter antenna connectors due to the frequency dimension in case multiple PA’s are used for intra-band CA.

Aggregation of unwanted emissions in the frequency dimension

The aggregation of unwanted emissions is less pronounced in the frequency dimension compared to the space/MIMO dimension. E.g. a 20 + 20 MHz CA scenario using separate PAs (antenna connectors) for each CC is expected to increase the aggregated unwanted emissions only marginally relative to the transmissions of a single CC of the same characteristics, see the related discussion in [8, 9]. This is due to the fact that 
· The ‘distant’ CC contributes at most unwanted emissions according to the ACLR2 which is lower than the contribution from the adjacent CC upper bounded by the ACLR1. E.g. simulation results in [6] indicated that the ACLR2 for 10, 20 MHz carriers is ~7 dB lower than the ACLR1. 
· The second adjacent channel interference contributes only little to composite ACIR because the ACLR/ACS in the second adjacent channel is significantly higher than the UE ACS1 - this is the conclusion in [8, 9] and [10], Clause 11.1.2. It is for this reason that the BS ACLR2 requirement is set to be the same as ACLR1. 

Hence we consider this scenario is not critical from a co-existence perspective.
Another aspect is that due to the unequal contributions it will not be appropriate to mandate an equivalent reduced (e.g. by 3 dB in this example) unwanted emission limit on a single antenna connector basis. This would necessitate unwanted emissions limits formulated as a sum across multiple antenna connectors (in the frequency dimension) which, however, leads to more complex test configurations and requirements when compared to REL-9. This would necessitate RF combining across multiple antenna connectors which will lead to changes in the BS test configurations, measurement setups and test specifications, including TT. It would also not be possible any longer for a manufacturer to declare the transmitter paths to be equivalent, and then to measure the signal at only one of the transmitter antenna connectors, with the remaining antenna connector(s) being terminated, as is the case for REL-9 TS36.141. 
The situation is different in the space/MIMO dimension in which equal contributions of unwanted emissions can be expected across the antenna connectors. Here it may be feasible to retain the per-antenna test approach based on an equivalent reduced unwanted emission limit (FFS). For these reasons it is recommended to limit studies within the REL-10 timeframe regarding the applicability of the unwanted emission requirements to the case of transmitter antenna connectors in the space/MIMO dimension.

Proposal 1:
Limit studies within the REL-10 timeframe regarding the applicability of the unwanted emission requirements to the case of transmitter antenna connectors in the space/MIMO dimension
Aggregation of unwanted emissions in the space/MIMO dimension
As the Rel-9 E-UTRA specification TS36.104 are already supporting up to 4 antenna connectors it is not recommended to change the already existing operating band unwanted emission requirements in this respect. Furthermore there are already UTRA installations in the field using up to 4 antennas and it is therefore not recommended to change the underlying principles in this area even for another RAT. Finally, from a regulatory perspective an allowance for up to 4 transmitter antenna connectors in the space/MIMO dimension has been provided in some regions, e.g. the BS BEM out-of-block EIRP limits in [7] are defined per antenna. Hence it is proposed to limit studies of the applicability of the unwanted emission requirements to the case of > 4 transmitter antenna connectors in the space/MIMO dimension.

Proposal 2:
Limit studies of the applicability of the unwanted emission requirements to the case of > 4 transmitter antenna connectors in the space/MIMO dimension.
Regarding spurious emissions, ITU-R Recommendation SM.329 stipulates the emission limits on the basis of the mean power at the antenna transmission line, without any provisions regarding multiple transmitter antenna lines. Furthermore, the spurious domain emissions limits are significantly lower compared to the operating band unwanted emission limits and it’s the latter ones which are of primary concern for LTE-A co-existence. Hence it is proposed to study only the operating band unwanted emissions and ACLR requirements in clauses 6.6.2 and 6.6.3 in this respect.

Proposal 3:
Limit the studies of the applicability of the unwanted emission requirements to the operating band unwanted emissions and ACLR requirements in clauses 6.6.2 and 6.6.3.

The impact on victim system ACIR and related co-existence would also need some further clarifications. Table 1 provides some 1 … 4 TX example configurations, together with aggregated ACLR and leakage power. The 1-TX and 2-TX cases can be seen as reference cases. Transition to 4-TX is shown in case a) with further power aggregation to 80 W / carrier and in b) by keeping the aggregated power at 40 W and reducing the per-branch power to 10 W.
	Case
	1TX: 20 W
	2TX: 20 W + 20 W
	4TX a) : 4 * 20 W
	4TX b) : 4 * 10 W

	Aggregated power [dBm]
	43
	46
	49
	46

	per antenna ACLR1 [dB]
	45
	45
	45
	45

	composite ALCR1 [dB]
	45
	45
	45
	45

	composite absolute leakage power [dBm]
	-2
	+1
	+4
	+1


Table 1. Aggregated ACLR and leakage for MIMO example configurations
It can be observed that 
· in all cases the (relative ) ACLR remains at the nominal value 
· In 4TX case a) the composite absolute leakage power increased, however, having lower absolute leakage by the BS will not help in this case because the resulting ACIR-impact will still be dominated by UE ACS.
· 4TX case b) appears to be equivalent to the 2TX reference case

We believe some further clarifications are in order to justify departure from current specification principles.
Proposal 4:
Impact of > 4 transmitter antenna connectors in the space/MIMO dimension on victim ACIR and related co-existence shall be studied.
Impact on other BS specifications
It shall be also noted that the applicability of OOB requirements as function of the # of transmitter antenna connectors is a fundamental issue for RAN WG4 BS specifications and needs to be carefully considered within the context of the evolving MSR and UTRA specifications. In particular, it is expected that the REL-10 MSR specifications will also include REL-10 E-UTRA aspects and hence the impact of possibly making MSR multi-RAT OOB requirements dependent on the # of transmitter antenna connectors would need to be studied. Here we note that alignment with the MSR specifications has been seen is important in REL-9 in order reduce testing efforts of a REL-9 E-UTRA BS additionally conforming to TS 37.104/141. Similar to the situation in Rel-9, also for a REL-10 LTE-A BS it shall be possible to demonstrate conformance to some RF requirements in TS 36.104/141 through conformance to the corresponding requirements in TS 37.104/141 - this would not be possible any longer if there would be a fundamental mismatch in the treatment of transmitter antenna connectors.
Proposal 5:
Study the impact of possibly making OOB requirements dependent on the # of transmitter antenna connectors also on the REL-10 MSR specifications.
3. Conclusion

It is proposed to limit the studies of the applicability of the requirements to the operating band unwanted emission limits in clauses 6.6.2, 6.6.3 and to more than 4 transmitter antenna connectors in the space/MIMO dimension:
Proposal 1:
Limit studies within the REL-10 timeframe regarding the applicability of the unwanted emission requirements to the case of transmitter antenna connectors in the space/MIMO dimension
Proposal 2:
Limit studies of the applicability of the unwanted emission requirements to the case of > 4 transmitter antenna connectors in the space/MIMO dimension.
Proposal 3:
Limit the studies of the applicability of the unwanted emission requirements to the operating band unwanted emissions and ACLR requirements in clauses 6.6.2 and 6.6.3.
Proposal 4:
Impact of > 4 transmitter antenna connectors in the space/MIMO dimension on victim ACIR and related co-existence shall be studied
Proposal 5:
Study the impact of possibly making OOB requirements dependent on the # of transmitter antenna connectors also on the REL-10 MSR specifications.
If these suggestions are acceptable to RAN WG4, it’s proposed to agree upon the attached text proposal for Clause 6.1 of the CA BS TR 36.808 [1].
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Text proposal for CA BS TR
----- Start of TP -----
6
Transmitter characteristics

6.1
General

Another aspect to consider is whether the unwanted emission limits in clause 6.6 shall be applied under this principle also for the potentially large number of transmitter antenna connector possible within the Rel-10 timeframe of LTE-A: e.g. a BS may use in the space dimension up to 8 transmitter antenna connectors for MIMO, not excluding further transmitter antenna connectors due to the frequency dimension in case multiple PA’s are used for intra-band CA.
The aggregation of unwanted emissions is less pronounced in the frequency dimension compared to the space/MIMO dimension. E.g. 20 + 20 MHz CA using separate PAs (antenna connectors) for each CC is expected to increase the aggregated unwanted emissions only marginally relative to the transmissions of a single CC of the same characteristics. This is due to the fact that the ‘distant’ CC contributes at most unwanted emissions according to the ACLR2 which is lower than the contribution from the adjacent CC upper bounded by the ACLR1. Furthermore, the second adjacent channel interference contributes only little to composite ACIR because the ACLR/ACS in the second adjacent channel is significantly higher than the UE ACS1. 
Due to the unequal contributions it will not be appropriate to mandate an equivalent reduced (e.g. by 3 dB in this example) unwanted emission limit on a single antenna connector basis. This would necessitate unwanted emissions limits formulated as a sum across multiple antenna connectors (in the frequency dimension) which, however, leads to more complex test configurations and requirements when compared to REL-9. 
The situation is different in the space/MIMO dimension in which equal contributions of unwanted emissions can be expected across the antenna connectors. For these reasons it is recommended to limit studies within the REL-10 timeframe regarding the applicability of the unwanted emission requirements to the case of transmitter antenna connectors in the space/MIMO dimension.

As the Rel-9 E-UTRA specification TS36.104 are already supporting up to 4 antenna connectors it is not recommended to change the already existing operating band unwanted emission requirements in this respect. Hence it is proposed to limit studies of the applicability of the unwanted emission requirements to the case of > 4 transmitter antenna connectors in the space/MIMO dimension.

Regarding spurious emissions, ITU-R Recommendation SM.329 stipulates the emission limits on the basis of the mean power at the antenna transmission line, without any provisions regarding multiple transmitter antenna lines. Furthermore, the spurious domain emissions limits are significantly lower compared to the operating band unwanted emission limits and it’s the latter ones which are of primary concern for LTE-A co-existence. Hence it is proposed to study only the operating band unwanted emissions and ACLR requirements in clauses 6.6.2 and 6.6.3 in this respect. For this the impact of > 4 transmitter antenna connectors in the space/MIMO dimension on victim ACIR and related co-existence shall be studied further.
It shall be also noted that the applicability of OOB requirements as function of the # of transmitter antenna connectors is a fundamental issue for RAN WG4 BS specifications and needs to be carefully considered within the context of the evolving MSR and UTRA specifications. In particular, it is expected that the REL-10 MSR specifications will also include REL-10 E-UTRA aspects and hence the impact of possibly making MSR multi-RAT OOB requirements dependent on the # of transmitter antenna connectors needs to be studied.
----- Next section -----
B.6
Transmitter characteristics

6.1
General

Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with multiple transmitter antenna connectors, 
transmit diversity or MIMO transmission, the requirements apply for each transmitter antenna connector. 
Applicability of the requirements in clauses 6.6.2 and 6.6.3 for more than 4 transmitter antenna connectors in the space/MIMO dimension is FFS.
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. If any external apparatus such as a TX amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (port B).
Unless otherwise stated the requirements in clause 6 applies at all times, i.e. during the Transmitter ON period, the Transmitter OFF period and the Transmitter transient period.
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Figure 6.1-1: Transmitter test ports
----- End of TP -----
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