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1 Introduction
In this tdoc carrier aggregation BS radio receiver requirements are presented. The analysis is based on the initial analysis in [1] from RAN4 #54 and the decisions in RAN #47, where a way forward on LTE advanced carrier aggregation scenarios was presented in RP-100390 [2]. It was decided to focus on the following three scenarios:

Intra-band contiguous carrier aggregation: 

· FDD: band 1 (BW to be decided by RAN4)

· TDD: band 40 (BW to be decided by RAN4)

Inter-band non-contiguous

· Generic: band 1 + band 5

UL inter-band carrier aggregation not prioritized in release 10 i.e. 1 UL carrier in release 10 time frame and therefore single TA in release 10. Any additional inter-band scenario is to be introduced by a separate WI in release 10 or later; it is anticipated that new WIs are expected in TSG-RAN#48 (May 2010).

The analysis shows that many areas of the baseline specifications can be left unchanged. However some areas are identified where the concept of carrier aggregation will require specification development. 
This document is restricted to the main areas where changes due to carrier aggregation are needed. For the BS radio receiver requirements these areas are:

7.1 General
7.5 Adjacent channel selectivity (ACS) and narrow band blocking
7.6 Blocking
7.7 Receiver spurious emissions
7.8 Receiver intermodulation.
The section numbers are from the TR 36.8xx V0.0.1 Carrier Aggregation Base Station (BS) radio transmission and reception (Release 10) [3].

2 Discussion
Key areas from [1] are analyzed. As a general way forward regarding LTE release-10 carrier aggregation the TPs proposed are based on TS 37.104 [4]. The most obvious effect of this is the introduction of the RF bandwidth concept from the existing MSR specification instead of adding references to the outermost carrier, when developing a new specification. and the ACS case which is not repeated in the MSR specification. A figure from clause 3 of TS 37.104 is repeated below.
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Figure 3.2-1: Illustration of RF bandwidth related symbols and definitions for Multi-standard Radio.
The proposals are presented as a discussion, as Text Proposals (TP) for the TR 36.8xx V0.0.1 Skeleton BS TR for CA WI [3] and as suggestions where the TP text could be used as a foundation for future CRs.
2.1 General

For all receiver requirements, the carrier aggregation can be introduced with minimal impact on existing specifications assuming current requirements would be applied on a component carrier basis. This is already expressed in TS 37.104 and TS 36.104 and can be added to the TR [3]. There is no need to update the specification.
--- Begin Text Proposal ---

7.1
General

The requirements in clause 7 are expressed for a single receiver antenna connector. For receivers with antenna diversity, the requirements apply for each receiver antenna connector.

--- End Text Proposal ---
2.2 Adjacent channel selectivity narrow-band blocking
The ACS requirement for single carrier does not need to be updated to support carrier aggregation. 
The Narrow band blocking requirement in TS 37.104 [4] clause 7.4 can replace ACS for carrier aggregation, since it is stricter.
It is noted, however, that additional eNodeB types might need to be developed in MSR.
It is also noted that it is FFS if the ACS requirement needs to be developed into a rel-10 carrier aggregation compatible version, i.e. for other reasons.
--- Begin Text Proposal ---

7.5
Adjacent Channel Selectivity (ACS) and narrow-band blocking
Narrow band blocking requirement in TS 37.104 [4] clause 7.4.2 (narrow band blocking) can replace ACS for carrier aggregation, since it is stricter.
7.5.1  General Narrowband blocking minimum requirement

For the general blocking requirement, the interfering signal shall be an E-UTRA 1RB signal as specified in Annex A.

For the wanted and interfering signal coupled to the base station antenna input, using the parameters in Table 7.4.2‑1, the following requirements shall be met:

-
For any E-UTRA carrier, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel defined in TS 36.104 [4], subclause 7.2.

-
For any UTRA FDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.104 [2], subclause 7.2.

-
For any UTRA TDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.105 [3], subclause 7.2.

-
For any GSM/EDGE carrier, the conditions are specified in TS 45.005 [5], Annex P.2.1.

Table 7.4.2-1: Narrowband blocking requirement

	RAT of the carrier
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Interfering RB centre frequency offset from the RF bandwidth edge [kHz]

	E-UTRA, UTRA and GSM/EDGE
	PREFSENS + x dB*
	-49
	240 +m*180,

m=0, 1, 2, 3, 4, 9, 14, 19, 24

	NOTE*: 
PREFSENS depends on the RAT and on the channel bandwidth, see subclause 7.2.

NOTE**: 
“x” is equal to 6 in case of E-UTRA or UTRA wanted signals and equal to 3 in case of GSM/EDGE wanted signal.


--- End Text Proposal ---

2.3 Blocking 
For carrier aggregation refer to TS 37.104 [4] clause 7.4.1 and TS 37.104 [4] clause 7.5.2.
--- Begin Text Proposal ---

7.6.1 General Blocking requirement

For the general blocking requirement, the interfering signal shall be a UTRA FDD signal as specified in Annex A.

For the wanted and interfering signal coupled to the base station antenna input, using the parameters in Table 7.4.1‑1, the following requirements shall be met:

-
For any E-UTRA carrier, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel defined in TS 36.104 [4], subclause 7.2.

-
For any UTRA FDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.104 [2], subclause 7.2.

-
For any UTRA TDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.105 [3], subclause 7.2.

-
For any GSM/EDGE carrier, the conditions are specified in TS 45.005 [5], Annex P.2.1.

Table 7.4.1-1: General blocking requirement

	Operating Band Number
	Centre Frequency of Interfering Signal [MHz]
	Interfering Signal mean power [dBm]
	Wanted Signal mean power [dBm]
	Interfering signal centre frequency minimum frequency offset from the RF bandwidth edge [MHz]

	1-7, 9-11, 13-14, 18,19, 33-40
	(FUL_low -20)
	to
	(FUL_high +20)
	-40
	PREFSENS + x dB*
	7.5

	8
	(FUL_low -20)
	to
	(FUL_high +10)
	
	
	

	12
	(FUL_low  -20)
	to
	(FUL_high +12)
	
	
	

	17
	(FUL_low  -20)
	to
	(FUL_high +18)
	
	
	

	NOTE*: 
PREFSENS depends on the RAT and on the channel bandwidth, see subclause 7.2.

NOTE**: 
“x” is equal to 6 in case of E-UTRA or UTRA wanted signals and equal to 3 in case of GSM/EDGE wanted signal.


--- End Text Proposal ---

--- Begin Text Proposal ---

7.6.2 Co-location with other base stations

This additional blocking requirement may be applied for the protection of BS receivers when E-UTRA BS, UTRA or GSM/EDGE operating in a different frequency band are co-located with an E-UTRA BS.

The requirements in this subclause assume a 30 dB coupling loss between the interfering transmitter and the BS receiver. 

NOTE:
For co-location with UTRA, the requirements are based on co-location with Wide Area UTRA FDD or TDD base stations.

For a wanted and an interfering signal coupled to BS antenna input using the parameters in Table 7.5.2-1, the following requirements shall be met:

-
For any E-UTRA carrier, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel defined in TS 36.104 [4], subclause 7.2.

-
For any UTRA FDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.104 [2], subclause 7.2.

-
For any UTRA TDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.105 [3], subclause 7.2.

-
For any GSM/EDGE carrier, the conditions are specified in TS 45.005 [5], Annex P.2.1.

Table 7.5.2-1: Blocking requirement for when co-located with BS in other frequency bands.

	Type of co-located BS
	Centre Frequency of Interfering Signal (MHz)
	Interfering Signal mean power (dBm)
	Wanted Signal mean power (dBm)
	Type of Interfering Signal

	…
	…
	…
	…
	….


--- End Text Proposal ---
2.4 Receiver spurious emissions

No changes as such expected. For carrier aggregation refer to TS 37.104 [4] subclause 7.6.1
--- Begin Text Proposal ---

7.7 Receiver spurious emissions

The power of any spurious emission shall not exceed the levels in Table 7.6.1-1:
Table 7.6.1-1: General spurious emissions requirement

	Frequency range
	Maximum level
	Measurement Bandwidth
	Note

	30MHz ‑ 1 GHz
	-57 dBm
	100 kHz 
	

	1 GHz ‑ 12.75 GHz
	-47 dBm
	1 MHz
	

	NOTE:
The frequency range from [FBW RF,DL,low -10 MHz] to [FBW RF,,DLhigh + 10 MHz] may be excluded from the requirement.


In addition to the requirements in Table 7.6.1-1, the power of any spurious emission shall not exceed the Additional spurious emissions requirements in subclause 6.6.1.3 and in case of FDD BS (for BC1 and BC2) emission shall not exceed the levels specified for Protection of the BS receivers of own or different BS in subclause 6.6.1.2. In addition, the requirements for co-location with other base stations specified in subclause 6.6.1.4 may also be applied.

7.7.1
Additional minimum requirement for BC2 (Category B)

For a BS operating in Band Category 2 and where Category B spurious emissions apply, the power of any spurious emissions shall not exceed the limits in Table 7.6.2-1.

Table 7.6.2-1: Additional BS spurious emissions limits for BC2, Category B

	Frequency range
	Frequency offset from transmitter operating band edge
	Maximum level
	Measurement Bandwidth

	30 MHz – 1 GHz
	10 – 20 MHz
	-57 dBm
	300 kHz

	
	20 – 30 MHz
	-57 dBm
	1 MHz

	
	≥ 30 MHz
	-57 dBm
	3 MHz

	1 GHz – 12.75 GHz
	≥ 30 MHz
	-47 dBm
	3 MHz


--- End Text Proposal ---

2.5 Intermodulation and narrowband intermodulation

In [1] it was proposed that RAN4 should investigate the possibilities to further align these requirements with MSR. As for previous sections in this document, we propose to migrate towards the MSR specification for LTE carrier aggregation.

For carrier aggregation refer to TS 37.104 [4] subclause 7.7.1 and 7.7.2.
--- Begin Text Proposal ---

7.8
 Receiver intermodulation

7.8.1 General intermodulation

Interfering signals shall be a CW signal and an E-UTRA or UTRA signal as specified in Annex A. 

For the wanted signal at the assigned channel frequency and two interfering signals coupled to the base station antenna input, using the parameters in Table 7.7.1-1 and 7.7.1-2, the following requirements shall be met:

-
For any E-UTRA carrier, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel defined in TS 36.104 [4], subclause 7.2.

-
For any UTRA FDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.104 [2], subclause 7.2.

-
For any UTRA TDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.105 [3], subclause 7.2.

-
For any GSM/EDGE carrier, the conditions are specified in TS 45.005 [5], Annex P.2.2.

Table 7.7.1-1: General intermodulation requirement 

	Mean power of interfering signals [dBm]
	Wanted Signal mean power [dBm]
	Type of interfering signal

	-48
	PREFSENS +x dB*
	See Table 7.7.1-2

	NOTE*: 
PREFSENS depends on the RAT and on the channel bandwidth, see subclause 7.2.
“x” is equal to 6 in case of E-UTRA or UTRA wanted signals and equal to 3 in case of GSM/EDGE wanted signal.


Table 7.7.1-2: Interfering signals for intermodulation requirement 

	RAT of the carrier
	Interfering signal centre frequency offset from the RF bandwidth edge [MHz]
	Type of interfering signal

	E-UTRA 1.4 MHz


	2.0 (BC1 and BC3) / 2.1 (BC2)
	CW

	
	4.9
	1.4MHz E-UTRA signal

	E-UTRA 3 MHz


	4.4 (BC1 and BC3) / 4.5 (BC2)
	CW

	
	10.5
	3MHz E-UTRA signal

	UTRA FDD and 
E-UTRA 5 MHz
	7.5
	CW

	
	17.5
	5MHz E-UTRA signal

	E-UTRA 10 MHz


	7.375
	CW

	
	17.5
	5MHz E-UTRA signal

	E-UTRA 15 MHz


	7.25
	CW

	
	17.5
	5MHz E-UTRA signal

	E-UTRA 20 MHz
	7.125
	CW

	
	17.5
	5MHz E-UTRA signal

	GSM/EDGE
	7.575
	CW

	
	17.5
	5MHz E-UTRA signal

	1.28 Mcps UTRA TDD
	2.3 (BC3)
	CW

	
	5.6 (BC3)
	1.28Mcps UTRA TDD signal


7.8.2 
General narrowband intermodulation minimum requirement

Interfering signals shall be a CW signal and an E-UTRA 1RB signal as specified in Annex A.

For the wanted signal at the assigned channel frequency and two interfering signals coupled to the base station antenna input, using the parameters in Table 7.7.2-1 and 7.7.2-2, the following requirements shall be met:

-
For any E-UTRA carrier, the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel defined in TS 36.104 [4], subclause 7.2.

-
For any UTRA FDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.104 [2], subclause 7.2.

-
For any UTRA TDD carrier, the BER shall not exceed 0.001 for the reference measurement channel defined in TS 25.105 [3], subclause 7.2.

-
For any GSM/EDGE carrier, the conditions are specified in TS 45.005 [5], Annex P.2.2.

Table 7.7.2-1: General narrowband intermodulation requirement 

	Mean power of interfering signals [dBm]
	Wanted Signal mean power [dBm]
	Type of interfering signal

	-52
	PREFSENS +x dB*
	See Table 7.7.2-2

	NOTE*: 
PREFSENS depends on the RAT and on the channel bandwidth, see subclause 7.2.
“x” is equal to 6 in case of E-UTRA or UTRA wanted signals and equal to 3 in case of GSM/EDGE wanted signal.


Table 7.7.2-2: Interfering signals for narrowband intermodulation requirement 

	RAT of the carrier
	Interfering signal centre frequency offset from the RF bandwidth edge [kHz]
	Type of interfering signal

	E-UTRA 1.4 MHz


	260 (BC1 and BC3) /  270 (BC2)
	CW

	
	970 (BC1 and BC3) / 790 (BC2)
	1.4 MHz E-UTRA signal, 1 RB*

	E-UTRA 3 MHz


	260 (BC1 and BC3) / 270 (BC2)
	CW

	
	960 (BC1 and BC3) / 780 (BC2)
	3.0 MHz E-UTRA signal, 1 RB*

	E-UTRA 5 MHz
	360
	CW

	
	1060
	5 MHz E-UTRA signal, 1 RB*

	E-UTRA 10 MHz

(**)
	325
	CW

	
	1240
	5 MHz E-UTRA signal, 1 RB*

	E-UTRA 15 MHz

(**)
	380
	CW

	
	1600
	5MHz E-UTRA signal, 1 RB*

	E-UTRA 20 MHz

(**)
	345
	CW

	
	1780
	5MHz E-UTRA signal, 1 RB*

	UTRA FDD
	345 (BC1 and BC2)
	CW

	
	1780 (BC1 and BC2)
	5MHz E-UTRA signal, 1 RB*

	GSM/EDGE
	340
	CW

	
	880
	5MHz E-UTRA signal, 1 RB*

	1.28Mcps UTRA TDD
	190 (BC3)
	CW

	
	970 (BC3)
	1.4 MHz E-UTRA signal, 1 RB*

	NOTE*: 
Interfering signal consisting of one resource block positioned at the stated offset. 

NOTE**:
This requirement shall apply only for an E-UTRA FRC A1-3 mapped to the frequency range at the channel edge adjacent to the interfering signals.


--- End Text Proposal ---

3 Conclusion


This document shows how to build on the work in Multi-Standard Radio in order to derive a short and simple specification solution when it comes to requirements for LTE release-10 carrier aggregation. 

The most obvious effect of this is the introduction of the RF bandwidth concept from the existing MSR specification instead of adding references to the outermost carrier, when developing a new specification and the ACS case which is not repeated in the MSR specification.
The table below summarizes the main changes and we can conclude the changes to the technical specification for the introduction of carrier aggregation in release-10 is minimal to TS 37.104 and TS 36.104 if changed in this way.

	Section in TR 36.8xx v0.0.1
	Change TR 37.104
	Supporting changes in TR 36.104

	7.1 General
	No change
	No change

	7.5 Adjacent Channel Selectivity (ACS) and narrow-band blocking
	No change.

use TS 37.104 sublcause 7.4.2 narrow band blocking instead 



	It is also noted that it is ffs if the ACS requirement needs to be developed into a rel-10 carrier aggregation compatible version, i.e. for other reasons.


	7.6.1 General Blocking requirement
	No change.

The relevant text is already in  TS 37.104 sublcause 7.4.1 
	No changes needed if the relevant specification in TS 37.104 is used for the carrier aggregation case in rel-10.

	7.6.2 Co-location with other base stations
	No change.

The relevant text is already in TS 37.104 sublcause 7.5.2
	No changes needed if the relevant specification in TS 37.104 is used for the carrier aggregation case in rel-10.

	7.7 Receiver spurious emissions
	No change.

The relevant text is already in  TS 37.104 sublcause 7.6.1
	No changes needed if the relevant specification in TS 37.104 is used for the carrier aggregation case in rel-10.

	7.8 Receiver intermodulation
	No change.

The relevant text is already in  TS 37.104 sublcause 7.7.1 and 7.7.2
	No changes needed if the relevant specification in TS 37.104 is used for the carrier aggregation case in rel-10.
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