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1 Introduction
In this tdoc an overview of impact on BS radio requirements is presented and open issues are addressed. 
A Wide Area BS is assumed.
RAN1 discusses currently two concepts for non-standalone carriers, extension carriers and segments [1][2][3]. In this contribution we compare these two options with regular release-8 carriers.
2 Definitions
During RAN1 #58bis definitions for extension carriers and segments were circulated. The summary from [1] is repeated here in Section 2.1 and 2.2, respectively.

2.1 Extension Carriers

The most important properties of extension carriers are summarized in 
Table 1. 

	Extension carriers

	Supported by carrier aggregation

	Non-backwards compatible carrier

	Transmission bandwidth is at least from the set of existing values, i.e., {6, 15, 25, 50, 75, 100} RBs. Other transmission bandwidths may be defined by RAN4. 

	The sum of backward compatible component carrier and extension carrier can be more than 110 RBs.

	Separate PDCCH indicates the RBs defined within the extension carrier.

	It is FFS whether the linkage between backward compatible component carrier and extension carrier is per UE.

	Separate HARQ process running within an extension carrier.

	Backward compatible component carrier (to which the extension carrier is linked to) and the extension carrier can be configured with different transmission modes.

	Extension carriers configuration without CRS is FFS.

	Extension carriers can be configured as contiguous or as non-contiguous to the backwards compatible component carrier they are linked to.



Table 1: Properties of extension carriers.


2.2 Segments


Table 2 summarizes the most important characteristics of segments.

	Segments

	Not necessary to have carrier aggregation.

	Used to enable additional transmission bandwidths beyond the set of Rel-8 values, i.e., {6, 15, 25, 50, 75, 100} RBs but no more than 110 RBs. What sets are used is defined by RAN4.

	The sum of backward compatible component carrier and segment(s) shall be no more than 110RBs. Configurations with sum of backwards compatible component carrier and segment(s) over 110RBs are FFS. 

	One PDCCH indicates the RBs allocated in the sum of backward compatible carrier and segment(s).

	One HARQ process for the sum of backward compatible carrier and segment(s).

	Backward compatible component carrier and segment(s) use the same transmission mode.

	Segments configuration without CRS is FFS.

	Segments are contiguous to the component carrier they are associated with.



Table 2: Properties of segments.

2.3 Different cases to be analyzed
The cases to be analyzed are:
1) A regular release 8 component carrier
2) An extension carrier
4) A segment
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Figure 1: Cases
3 A general comment 

There are many ways to define BS RF requirements for carrier aggregation. The approach used here is to build the relerase-10 requirements using release-8 in a building block manner. A few general remarks can be made when it comes to this.

Release-8 requirements can be applied on a component carrier basis if release-8 carriers are used. This is a powerful approach since there will not be any need to develop new reference channels and test models. This has been pointed out and analyzed in [4]
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 \* MERGEFORMAT [5]

 REF _Ref249939923 \r \h 
 \* MERGEFORMAT [6].
It is possible to consider development of new reference channels, test models and requirements which go beyond release-8, for example:

New performance requirements for more than 100 RB, i.e. 200, 300, 400 or 500 RB over several component carriers aggregated in a certain configuration. This would enable a release-10 requirement to be based on varying component carrier performance as long as the new gross aggregated performance requirement is met.  

Another consideration arise from the fact that it might not be possible to verify the performance of carrier aggregation based on component characteristics alone due to new release-10 specific requirements, like carrier to carrier time alignment or new release-10 specific configurations like tightly packed component carriers or component carriers with segments.
The first possibility, varying component carrier performance as long as the new gross aggregated performance requirement is met, is not considered further in this tdoc. The same performance requirements are assumed to apply for all component carriers in an aggregated set.
4 Transmitter characteristics
A few sections of TS 36.104 are analyzed; Base Station output power, Transmitted signal quality (EVM), Operating band Unwanted emissions and Transmitter spurious emissions.
It is assumed that unless otherwise stated, the requirements are expressed for a single transmitter antenna connector. 
4.1 Base Station output power

Base Stations intended for general-purpose applications do not have limits on the maximum output power. However, there may exist regional regulatory requirements which limit the maximum output power.

The specifications related to the associated conformance tests in TS 36.141 with regard to the E-TMs can also be re-used provided the transmission bandwidth configurations of Rel-8 E-UTRA are maintained for LTE-Advanced.
4.2 Transmitted signal quality 

The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization.
4.2.1 Case1, release-8 cc 

The EVM can be reused per modulation scheme for PDSCH and applied per component carrier since the channel bandwidths and all other attributes of the E-UTRA Test Models are the same. 
The only need to trigger new test models would be to verify performance when more than 100 RB over several component carriers aggregated in a certain configuration. 
4.2.2 Case 2 and 3, extension carrier
There are several use cases for extension carriers and many aspects are ffs, but common to many of them are changes to the channel structure:

Extension carriers configured to neither contain PDCCH, PHICH, nor PCFICH and thus no control region
Extension carriers can be configured not to contain synchronization signals.

In case and extension carrier uses UE specific RS (not decided by RAN1, but it is a possibility) 
then the interpolation behavior of the channel samples between RS will change.

Changes of this nature would trigger new Reference, Synchronization Signals, PBCH, PCFICH, PHICH, PDCCH, and PDSCH configuration parameters compared to the test models of today.

However, one can argue that the main parameter in the EVM case is the Channel Bandwidth Parameter of 1.4, 3, 5, 10, 15 and 20 MHz and this parameter is not changed for an extension carrier and thus the existing E-UTRA Test Models are sufficient.
4.2.3 Case 4, segments
Any new channel bandwidth configured using segments would trigger the need to develop a new E-UTRA Test Model.

If the channel bandwidths are restricted to release-8 then the comments from section 4.2.2 apply if the segment is single sided.
4.3 Operating band Unwanted emissions
4.3.1 Case1, release-8
This case re-uses the channel bandwidths of release-8, so the requirements can be re-used on a per carrier basis. This gives a well defined and traceable per carrier behavior. 
However, this opens up the question of contiguous carrier aggregation, when several or all component carriers are active
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Figure 2: Channel edge mask when aggregating
Already in release-8 there are (informative) requirements in this regard in TS 36.104 [7] Annex F, Multi-carrier BS of different E-UTRA channel bandwidths:
“…For a multi-carrier E-UTRA BS transmitting a group of carriers of different channel bandwidths (≥5 MHz), the channel bandwidth of the outermost carriers should be considered for ACLR and Operating band unwanted emission requirements. That is, the corresponding requirements for the channel bandwidth of each of the outermost carriers should be applied at the respective side of the group of transmitted carriers…”
The case analyzed here is compatible with the above statement since the channel bandwidths are the same as for release-8. It is proposed that this is the starting point for rlease-10 specifications.
4.3.2 Case 2 and 3, extension carrier

As stated in 4.2.2, an extension carrier might be configured to neither contain PDCCH, PHICH, nor PCFICH and thus no control region and/or no synchronization signals. These changes differ from the E-UTRA Test Model 1.1 (E-TM1.1) used in release-8.
A new the E-UTRA Test Model would have to be developed to reflect this. The general model from TS 36.104 Annex F, Multi-carrier BS of different E-UTRA channel bandwidths can then be used once the component behavior has been specified.
4.3.3 Case 4
Any new channel bandwidth configured using segments would trigger the need to develop a new E-UTRA Test Model.

If the channel bandwidths are restricted to release-8 then the comments from section 4.3.2 apply if the segment is single sided.

4.4 Transmitter spurious emissions
This case is already covered in TS 36.104, as noted in [4].

“…The transmitter spurious emission limits of LTE-Advanced shall comply with ITU-R SM.329. These requirements shall apply whatever the type of transmitter considered (single carrier, multi-carrier, aggregated CCs). It applies for all transmission modes foreseen by the manufacturer's specification…”

5 Receiver characteristics
5.1 Reference sensitivity level

The reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector at which a throughput requirement shall be met for a specified reference measurement channel. 
5.1.1 Minimum requirement

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 7.2.1-1.

Table 7.2.1-1: BS reference sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-106.8

	3
	FRC A1-2 in Annex A.1
	-103.0

	5
	FRC A1-3 in Annex A.1
	-101.5

	10
	FRC A1-3 in Annex A.1*
	-101.5

	15
	FRC A1-3 in Annex A.1*
	-101.5

	20
	FRC A1-3 in Annex A.1*
	-101.5 

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each




5.1.2 Application to case 1, release-8
Release-8 requirements can be applied on a component carrier basis since release-8 transmission bandwidths are used. This goes back to the general remark in section 3 in this document.
Moreover for WCDMA DC-HSUPA all performance requirements for a BS supporting DC-HSUPA are defined in terms of single carrier requirements [7]. It is proposed that the same principle is applied to TS 36.104-release-10.
5.1.3 Application to case 2

One possible use of the extension carrier is the increase the payload size to reach a higher maximum throughput. The question is if this applies to the uplink as well? One example is that it is possible that release-10 has uplink control of all CC transmitted on single UL CC. This could then free up the other CC in this regard. 
   This would trigger the need to have new reference channels for this higher maximum throughput with new, higher, payload sizes compared to release 8. 
   Another possible trigger for new reference channels could be the fact that an extension is associated with a backwards compatible carrier and is never configured stand-alone. Hence, a new reference channel is defined as a set of a regular carrier and an extension carrier.
5.1.4 Application to case 3
Any new channel bandwidth configured using segments would trigger the need to develop a new E-UTRA FRC.

If the channel bandwidths are restricted to release-8 then the comments from section 5.1.3 apply if the segment is single sided.

5.2 Dynamic range

The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth. In this condition a throughput requirement shall be met for a specified reference measurement channel. The interfering signal for the dynamic range requirement is an AWGN signal.

5.2.1 Minimum requirement

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 7.3.1-1. 

Table 7.3.1-1: Dynamic range
	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] / BWConfig
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	-76.3
	-88.7
	AWGN

	3
	FRC A2-2 in Annex A.2
	-72.4
	-84.7
	AWGN

	5
	FRC A2-3 in Annex A.2
	-70.2
	-82.5
	AWGN

	10
	FRC A2-3 in Annex A.2*
	-70.2
	-79.5
	AWGN

	15
	FRC A2-3 in Annex A.2*
	-70.2
	-77.7
	AWGN

	20
	FRC A2-3 in Annex A.2*
	-70.2 
	-76.4
	AWGN


5.2.2 Application to case 1, release-8

Release-8 requirements can be applied on a component carrier basis since release-8 transmission bandwidths are used. This goes back to the general remark in section 3 in this document.

 Moreover for DC-HSUPA all performance requirements for a BS supporting DC-HSUPA are defined in terms of single carrier requirements [7]. It is proposed that the same principle is applied to TS 36.104.

5.2.3 Application to case 2
One possible use of the extension carrier is the increase the payload size to reach a higher maximum throughput. This would trigger the need to have new reference channels for this higher maximum throughput with new, higher, payload sizes compared to release 8. 

5.2.4 Application to case 3
Any new channel bandwidth configured using segments would trigger the need to develop a new E-UTRA Test Model.

If the channel bandwidths are restricted to release-8 then the comments from section 5.1.3 apply if the segment is single sided.

5.3 In-channel selectivity

In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density. In this condition a throughput requirement shall be met for a specified reference measurement channel. The interfering signal shall be an E-UTRA signal as specified in Annex C.
5.3.1 Minimum requirement

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 7.4.1-1. 

Table 7.4.1-1 E-UTRA BS in-channel selectivity

	E-UTRA

channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	-106.9
	-87
	1.4 MHz E-UTRA signal, 3 RBs

	3
	A1-5 in Annex A.1
	-102.1
	-84
	3 MHz E-UTRA signal, 6 RBs

	5
	A1-2 in Annex A.1
	-100.0
	-81
	5 MHz E-UTRA signal, 10 RBs

	10
	A1-3 in Annex A.1
	-98.5
	-77
	10 MHz E-UTRA signal, 25 RBs

	15
	A1-3 in Annex A.1*
	-98.5
	-77
	15 MHz E-UTRA signal, 25 RBs*

	20
	A1-3 in Annex A.1*
	-98.5
	-77
	20 MHz E-UTRA signal, 25 RBs*

	Note*: 
Wanted and interfering signal are placed adjacently around Fc


5.3.2 Application to case 1,2, and 3
The same comments as for the cases 5.1, reference sensitivity and 5.2, dynamic range, can be made here. Apply release-8 on a per component carrier basis for case 1. The new maximum throughput for extension carriers would trigger the need for new reference channels for case 2 and case 3. New channel bandwidths would trigger new reference channels for case 3.
5.4 Adjacent Channel Selectivity (ACS) and narrow-band blocking, 

The same comments as for the cases 5.1, 5.2 and 5.3, can be made here. 

A further comment Moreover for DC-HSUPA [7] certain refinements have been made in terms of the position if the interfering signal.

“…For ACS, blocking and intermodulation characteristics, the negative offsets of the interfering signal apply relative to the assigned channel frequency of the lowest carrier frequency used and positive offsets of the interfering signal apply relative to the assigned channel frequency of the highest carrier frequency used….”. 
It is proposed that the same principle is applied to TS 36.104.
5.5 Blocking, 

The same comments as for the cases 5.1 and 5.4 for the different cases can be made here. The reference to DC-HSUPA [7] made in 5.4 can be made here as well.
5.6 Receiver intermodulation

The same comments as for the cases 5.1 to 5.5, can be made here. The reference to DC-HSUPA [7] made in 5.4 can be made here as well.

5.7 Performance requirements

For DC-HSUPA all performance requirements for a BS supporting DC-HSUPA are defined in terms of single carrier requirements [7]. It is proposed that the same principle is applied to TS 36.104. 
    Both extension carriers and segments could trigger new FRC since they are not stand alone, but defined as linked to a release-8 backwards compatible carrier.

6 Conclusion

Carrier aggregation using a regular release 8 component carrier would enable reuse of almost all aspects of release-8 since both channel- and transmission-bandwidth and channel structure is re-used.

Extension carriers might trigger new reference channels in certain cases, since one use case of extension carriers, given the context of carrier aggregation, is less overhead and thus, higher throughput. A new reference channel would have to be developed to reflect the higher payload size. 
   Certain other release-8 tests, like unwanted emissions, rely on carefully developed test models which reflect the channel structure when it comes to Reference, Synchronization Signals, PBCH, PCFICH, PHICH, PDCCH, PDSCH configuration parameters. These parameters will have to be changed to reflect the new channel structure of extension carriers in new reference channels.
The use of segments would trigger new reference channels and test models in case a single-sided channel bandwidth different from release 8 is used. For all other cases the comments made regarding extensions carriers apply to segments as well.

It can be shown that DC-HSDPA [8] and DC-HSUPA changes to TS 25.104 can be used as a model to change TS 36.104 if rlease-8 carriers are used as component carriers.
Finally, already today, in release-8, TS 36.104 provides valuable multi carrier concepts in Annex F (Informative): Unwanted emission requirements for multi-carrier BS which can be used as a base for release 10 development.
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