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1 Introduction
At RAN51, there was considerable discussion on RAN4’s work load which encompasses the following work items; CA, eDL MIMO, UL_MIMO, HSPA, relays, new frequency bands and new inter band CA combinations. Considering only CA band combinations, RAN4 was tasked to develop a frame work to support new combinations that were expected to be start in the June 2011 timeframe.

Currently 9 CA band combinations have been proposed as work items. If we consider the operators requirements in TR36.807 Annex A we note that 33 CA band configurations have been proposed, so the expectation is RAN4 will need to define the requirements for much greater than the 9 CA combinations that have been submitted so far. 

In this document we suggest in section 2 some working assumptions to address the work task and in [1] we propose a CR baseline template which can be used to develop the specification requirements. 
2 Baseline assumptions

Our starting assumption and work procedure is; 

1) Each CA band configuration should only be added to TS36.101 when a CR is approved covering all the core aspects of the approved CA inter band work item. 

a. This avoids adding CA band combinations in the release 11 specification which are not completed in the release time frame 

2) We should focus on a maximum of 2 types of CA configurations in release 11 time frame. This could be either an intra band configuration or a dual band inter band configuration (contiguous or non contiguous bands). A mix of intra and inter band CA configuration may be too complex to handle in a release 11 time frame .

a. This attempt to put a realistic bound on the ability of RAN4 to complete the work within a realistic time frame, however, the specification should be developed to address these mixed types of CA configurations.

3) We should initially only consider a single UL carrier which could be from either the UL CA inter-bands.

a. The requirements for supporting simultaneous Tx operation on more than one band are extremely complex and RAN4 would not be able to support the more general CA configurations. However, the specification should be to support and specify simultaneous UL on both bands. 

4) Any CA configuration will introduce a layer of RF switching and antenna combining which will add RF front end losses.

a. These losses will be sustained for the different Release 8/9 EUTRA bands even if non CA operation is desired on these bands. The specification should clearly identify the expected performance impact for these non CA bands and effort should be expanded to minimize any delta in performance requirement.

b. It is expected, depending on the frequency offset between the inter band combinations CA_X-Y where X and Y could be a high or low frequency band will impact the front end RF insertion loss. In general the smaller the frequency offset the higher will be the RF insertion losses.

5) Technical report TR36.807 should be maintained 

a. Interference to adjacent channel and operating bands particularly in the case of simultaneous (CA_X-Y or CA_X-X) configuration in the UL will need to be document any analysis for intermodulation and harmonic interference. 

b. Interference may occur to the operator CA configuration or a other operator’s allocation. In the case of own operator allocation the interference impact is more severe since it is on the same device while adjacent operators allocation may be reduced by MCL. In the own operator’s case the interference can be mitigated by the deployed channel allocation, bandwidth and RB location via the, BS scheduler and the used of P-AMR.  – Hence, the proposal is to document the interference scenarios in the TR and not list all the possible mitigation solutions in the specification which are operator specific.

c. Depending on the frequency offset between the inter band combinations will impact the front end RF insertion losses and this aspect could also be captured in the TR.

6) Specification requirements should be captured in TS36.101 for 

a. Listed core requirements highlighted in yellow below for all the possible CA configurations
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3 Proposed specification template

The proposed specification template is provided in [2]. This section provides a clause by clause rationale for the key proposals to the template [2]. Blue highlight indicate specification text from [2] and yellow highlight is used to emphasis a particular aspect. Additional editorial corrections are shown as track changes to [2] and not in this document.


3.1
Definitions

Add the following definition using some aspects as proposed by Ericsson to align the UE and BS specification.


It is proposed to delete the following generic definition for 

Maximum Output Power: The mean power level per carrier of UE measured at the antenna connector in a specified reference condition.

Mean power: When applied to E-UTRA transmission this is the power measured in the operating system bandwidth of the carrier. The period of measurement shall be at least one subframe (1ms) unless otherwise stated.

Output power: The mean power of one carrier of the UE, delivered to a load with resistance equal to the nominal load impedance of the transmitter.

Since these requirements are duplicated in TS36.101 section 6 and are different for the different feature it is recommended this deleted to avoid confusion i.e. UL MIMO 

5.5A
Operating bands for CA

Combine all the CA configurations into one table (instead of having a separate table for intra and inter band) since we will need to address some combinations which require both intra and inter band CA configuration.
E-UTRA carrier aggregation is designed to operate in the operating bands defined in Tables 5.5A-1 

Table 5.5A- CA operating bands

	E-UTRA CA  configuration
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz  
	–
	2170 MHz
	FDD

	CA_40
	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD

	CA_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	CA_X-Y
	X
	[ ] MHz
	–
	[ ] MHz
	[ ] MHz
	–
	[ ] MHz
	[  ]

	
	Y
	[ ] MHz
	–
	[ ] MHz
	[ ] MHz
	–
	[ ]  MHz
	


5.6A.1
Channel bandwidths per CA configuration

Combine all the CA -UTRA bandwidth per CA configuration into one table as shown below (same reason as 5.5.A)

Table 5.6A.1-1: E-UTRA bandwidth per CA configuration 

	CA configuration / channel bandwidth

	E-UTRA CA configuration
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_1C
	1
	
	
	
	
	Yes
	Yes

	CA_40C1
	40
	
	
	
	Yes
	Yes
	Yes

	CA_1A-5A
	1
	
	
	FFS
	Yes
	FFS
	FFS

	
	5
	
	
	FFS
	Yes
	
	

	Note 1:
Combinations of component carriers with unequal channel bandwidth should be considered. The maximum number of CCs for combination is two.


6.2.2 UE Maximum Output Power

Combine all the CA -UTRA bandwidth per CA configuration into one table as shown below (same reason as 5.5.A)

The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. In the case the UE supports CA bandwidth classes (Table 5.6A-1-1) for the EUTRA band specified in Table 5.5A-1, the UE Power Class as specified in clause 6.2.2A shall be applicable for these EUTRA bands. The period of measurement shall be at least one sub frame (1ms).

Since the current specification requires a rel 10 UE to also meet the release 8 single carrier requirements we need to indicate any exceptions when either a CA or non CA configuration is implemented if this affects the RF front end losses. The yellow highlighted text is used to indicate such an exception. This exception is indicated as a lower tolerance in terms of  [TBD] which would need to be agreed for that inter band configuration and work item.. 

6.2.2A
UE Maximum Output Power for CA
Combine all the UE maximum output power for CA in one table as shown below (same reason as 5.5.A)

Table 6.2.2A-1: CA UE Power Class

	E-UTRA CA cofiguration
	E-UTRA Band
	Class 1 (dBm)
	Tol.(dB)
	Class 2 (dBm)
	Tol.(dB)
	Class 3 (dBm)
	Tol. (dB)
	Class 4 (dBm)
	Tol. (dB)

	CA_1C
	1
	
	
	
	
	23
	+2/-2
	
	

	CA_40C
	40
	
	
	
	
	23
	+2/[-2]
	
	

	CA_1-5
	1
	
	
	
	
	23
	+2/[-TBD]
	
	

	
	5
	
	
	
	
	23
	+2/[-TBD]
	
	

	CA_X1-Y1
	X1
	
	
	
	
	23
	+2/[-TBD]
	
	

	
	Y1
	
	
	
	
	23
	+2/[-TBD]
	
	

	CA_X-X
	Xa
	
	
	
	
	23
	+2/[-TBD]
	
	

	
	Xb
	
	
	
	
	23
	+2/[-TBD]
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS

Note 2:
For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

Note 4:
In the case where the UE supports more than E-UTRA CA configuration the higher tolerance for the applicable EUTRA band shall apply 




Going forward, we should try and specify some reasonable granularity in the allowed tolerance for CA power class. We should not include in the specification any values which are in brackets or as TBD as this gives an incomplete status to RAN than the work item for the CA configuration is complete in the work time plan.
6.6.2.1A

Spectrum emission mask for CA

The existing CA requirement in the specification for this section covers both Spectrum Emission Mask (SEM) which are OOB requirements and the spurious domain emission requirements. This approach is incorrect and the requirements should be separated such that this clause only covers the SEM/OOB requirements. The spurious domain requirements should be moved to clause 6.6.3. 
6.6.3 Spurious emissions

To address the spurious domain requirements the follow highlighted text is added.

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions (unless otherwise stated) . The spurious emission limits are specified in terms of general requirements inline with SM.329 [2] and E-UTRA operating band requirement to address UE co-existence. 

Since subsequent sections cover both OOB emission and spurious emission this text is added to ensure these clauses are aligned for example when the protected band fall within the OOB range of the operating band. 
6.6.3.2 Spurious emission protected band 

Depending on the protected band frequency offset, this requirement is also applicable for both the ΔfOOB (MHz) and spurious emission domain; hence, the highlighted text in yellow is added. Additionally, the title is also changed from “Spurious emission band UE co-existence” to “Spurious emission protected band” since this section covers more than just UE co existence emission requirements. Other editorial changes are introduced to improve clarity of the note which are highlighted in yellow. 
This clause specifies the emission requirements for the specified E-UTRA band, for coexistence with the protected band(s). The maximum emission levels as specified in Table 6.5.3.2-1 are applicable for both the EUTRA ΔfOOB (MHz) and spurious emission domain 

NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.

Table 6.6.3.2-1: Emission requirements

	E-UTRA  Band
	Emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Applicable note 

	1
	E-UTRA Band 1, 3, 7, 8, 9, 11, 20, 21, 34, 38, 40, 42, 43
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	E-UTRA band 33
	FDL_low
	- 
	FDL_high
	-50
	1
	Note3

	
	E-UTRA band 39
	FDL_low
	- 
	FDL_high
	-50
	1
	Note3

	
	Frequency range
	860
	-
	895
	-50
	1
	

	
	Frequency range 
	1884.5
	-
	1919.6
	-41
	0.3
	Note 6,7

	
	
	1884.5
	-
	1915.7
	
	
	Note 6, 8, 


6.6.3.2A

Spurious emission protected band for CA
This clause specifies the emission requirements for the specified E-UTRA configuration, for coexistence with the protected band

New clause number is added to define any CA configured spurious emission requirements for the protected band.

a. For the case of intra band operation (CA_X) requirements would be needed to address the use of the larger configured aggregate channel bandwidth and possible emissions requirements to a protected band.
b. For the case of inter band operation (CA_X-Y) or (CA_X-X) when only one UL is configured (i.e. X or Y) then the release 8 requirement in Table 6.6.3.2-1 (Emission requirements) would be applicable and no additional requirements would need to be specified.

c. For the case of inter band operation (CA_X-Y) or (CA_X-X) where only one UL transmitted or Intra- band CA configuration the 2nd and 3rd harmonic into the protected band would be similar to release 8. This is shown in the figure below for Region 1 and Region 2. Yellow highlight show 2nd and 3rd harmonic emissions in protected band (same as release 8) for the different CA inter band configurations
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7.3.1 Minimum requirements (QPSK) 
Since any CA configuration is required to also meet release 8 requirements we may need an exception to address the working assumption that a CA configuration may add RF losses and hence, a reduction in RFSENS. So we need to state for these bands any exceptions will be defined as per the associated CA clause. Highlight in yellow is added to include this text. 
The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2

In the case the UE supports CA bandwidth classes (Table 5.6A-1) for the EUTRA band specified in clause 5.5A, the UE RFSENS as specified in clause 7.3.1A shall be applicable for these EUTRA bands.
Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	1
	-
	-
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD


A number of open issues will need to be addressed for the Rx characteristic such as;

a. Which UL carrier should be used for receiver tests, but still allows the operator to configure either UL carrier?

b. In the case of simultaneous UL carrier should a maximum RFSENS degradation be defined or a transmit power reduction via P-AMPR?

c. How should the blocking performance be defined?

Going forward, we should try and specify some degree of granularity to allow tolerance for CA RFSENS and also not included in the specification any values which are in brackets or TBD until we complete the work as this gives an incomplete status to RAN that the work item for the CA configuration is complete.
Conclusion

This document proposes a specification framework to support inter-band carrier aggregation for the UE specification. Section 2 provides the key assumption that are need to be agreed to support this aggressive work plan and  [1]  proposed an example specification template that needs to be agreed as a way forward. If this proposal is accepted then this template could be used as baseline to capture the many expected CA inter band combinations for the specification. 

4 
References

[1] 

R4-112157, Inter band frame work draft CR proposal; Motorola [image: image3.jpg]Y





