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1 Introduction

At RAN#46 the work item for CA [1] was agreed. This document looks at some of the issues that need to be considered in addressing the RFSENS requirement for CA.  A TP proposal is provides for section 7. 
2 Discussion
In [6] we proposed for intra band CA the following designation should be used; 

5.6D

CA Channel bandwidth

Bandwidth combinations in case of intra-band contiguous aggregation must be symmetrical in relation to channel centre. Number of CC’s applicable for a given CA bandwidth class is defined in table 5.6.1D-1.
Table 5.6D-1: CA channel bandwidth combinations

	CA BW class
	BW per band
	#CC

	1
	BW  ≤ 20 MHz
	1

	2
	20 MHz < BW ≤ 40 MHz
	2

	3
	40 MHz < BW ≤ 60 MHz
	3

	4
	60 MHz < BW ≤ 80 MHz
	4

	5
	80 MHz < BW ≤ 100 MHz
	5


However in the case of CC>1 there is no clear indication of how the UL and DL CC should be mapped into the RAN4 specifications.  Some guidance can be obtained from [3];

Carrier Aggregation (CA), two or more component carriers (CCs) are aggregated in order to support wider transmission bandwidths up to 100MHz. All CCs can be configured to be LTE Rel-8/9 compatible, at least when the aggregated numbers of CCs in the UL and the DL are the same. Not all CCs may necessarily be Rel-8/9 compatible. 
-
A UE may simultaneously receive or transmit one or multiple CCs depending on its capabilities

-
A Rel-10 UE with reception and/or transmission capabilities for CA can simultaneously receive and/or transmit on multiple CCs;

-
A Rel-8/9 UE can receive and transmit on a single CC only, provided that the structure of the CC follows the Rel-8/9 specifications.

CA is supported for both contiguous and non-contiguous CCs with each CC limited to a maximum of 110 Resource Blocks in the frequency domain using the Rel-8/9 numerology. It is possible to configure a UE to aggregate a different number of CCs originating from the same eNB and of possibly different bandwidths in the UL and the DL:

· The number of DL CCs that can be configured depends on the DL aggregation capability of the UE

· The number of UL CCs that can be configured depends on the UL aggregation capability of the UE;

· It is not possible to configure a UE with more UL CCs than DL CCs;

· In typical TDD deployments, the number of CCs and the bandwidth of each CC in UL and DL is the same
2.1 RAN4 CC permutations 

Release 8/9

In Rel 8/9 the default is a fixed TX- RX frequency separation for TX channel (carrier centre frequency) to RX channel (carrier centre frequency).   For this  fixed duplex distance RFESEN is defined across the full Rx channel bandwidth with UL transmission configured at Pmax with the UL resources blocks located as close as possible to the downlink operating band.  Figure 2.4-1 shows how this is configured in the case of a 10 MHz allocation where there is a restricted UL configuration 

[image: image1.png]Band X| UL UE TX DL UE BX
L S - oMz

Rel8 5 - s e S
w [ oes]e [




Figure 2.1-1: Configuration for receive sensitivity
Noting REFSENS is used as basis for all the other RX tests such as blocking, intermodulation with the exception that power is now set at Pcmax - 4 dB

Release 10

In Rel 10 we need to define REFSENS where up to 5 contiguous CC are specified. Also in this case there is no requirement to maintain the fixed TX-RX separation between CC. Taking into account the above R2 assumptions the following permutation are possible for the simple case of 2 CC as shown in Figure 2.4-2 for the case of 1CC and 2CC 
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Figure 2.1-2:  CA configuration for CA band class 2
Some observations
a) The table only addresses 2CC,  as the number of #CC increase the number of UL /DL CC permutations will increase significantly 
b) In the case of a small duplex distance the REFSEN value can be degraded due to self interference depending on the TX – Rx spacing between the different CC in the UL and DL. 

c) Scenario 1 and 2 are identical to rel 8/9 and in this case performance is identical release 8/9 performance as fixed duplex distance is maintained (scenario 1 and 2) 
d) Scenario 5 and 6 cover the case of asymmetrical UL / DL channel bandwidth

e)  Scenario 3 and 4 are allowed configurations but have variable duplex distance leading to better and worse REFSENS performance compared to rel 8/9   

f) In order to reduce the number of CC permutations would be to ensure that a fixed duplex distance is maintained between a linked UL and DL CC. This would exclude scenario 3, 4 and 6, however this would excludes the benefit of larger duplex distance. A larger duplex distance will reduce self interference and there for not recommended. 
g) Scenario 3 may be better than scenario 4 for mitigating self interference but could cause more OOB interference to a co-located system. 
h) All the above CA scenarios appear to be a sub–set of scenario 7 

2.2 REFSENS requirements
On the basis that the working assumption that R2 signalling would support a linkage between the UL and DL CC for PCC and all SCC it is possible to define the CC UL/DL for each band when CA is deployed. As the Rel 8/9 requirements would still be applicable, we would only need to specify an additional scenario depending on the TX- RX frequency separation. In this case for each CA band one of the two options would be applicable i.e. 5 or 7 below depending on the TX- RX separation as soon below in Figure 2.2-1 
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Figure 2.2-1:  CA Rx configuration for CA band class 2 and above 
For small duplex gaps scenario 5 would be applicable and for larger duplex gaps scenario 7 would be more appropriate. In this case the requirements would be band dependant
Taking this into account we propose the following TP for section 5 and 7. Note where text highlight is blue this is based on agreement on [5]. This is shown for completeness and alignment
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-------------------------TP for SECTION 7 -----------------------

7 Receiver characteristics

7.1
General

Rx characteristic are specified for the following scenarios;

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna) 

5) CPE (Customer Premises equipment)

Table 7-1 illustrates various Rx architectures options 
Table 5.3.3-1: Possible UE Architecture for the three aggregation scenarios

	Rx Characteristics

	Option 
	 Description (Rx architecture)
	Intra Band aggregation 
	Inter Band aggregation

	
	
	 Contiguous (CC) 
	Non contiguous (CC) 
	Non contiguous (CC) 

	A
	Single (RF + FFT + baseband) with BW>20MHz
	Yes
	-
	 

	B
	Multiple (RF + FFT + baseband) with BW≤20MHz
	Yes
	FFS
	Yes


Type A:  As per TR36.815 can support; CA_X, CA_X-Y, DLMA, and CPE depending on UE capability

Type B:  As per TR36.815 for FFS

Type C:  As per TR36.815 for FFS

Type D:  As per TR36.815 can support; CA_X, CA_X-Y, C DLMA, ULMA and CPE depending on UE capability

7.2
Diversity characteristics

7.3
Reference sensitivity power level

Background

The current reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel

For LTE-A

· Should this be applicable to all ports

· Sensitivity defined per single CC or multiple CC. 

Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
Release 8/9

In Rel 8/9 the default is a fixed TX- RX frequency separation for TX channel (carrier centre frequency) to RX channel (carrier centre frequency).   For this  fixed duplex distance RFESEN is defined across the full Rx channel bandwidth with UL transmission configured at Pmax with the UL resources blocks located as close as possible to the downlink operating band.  The figure below shows how this is configured in the case of a 10 MHz allocation where there is a restricted UL configuration 
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Configuration for receive sensitivity
Noting RFSEN is used as basis for all the other RX tests such as blocking, intermodulation with the exception that power is now set at Pcmax - 4 dB

Release 10

In Rel 10 we need to define RFESEN where up to 5 contiguous CC are specified. Also in this case there is no requirement to maintain the fixed TX-RX separation between CC. Taking into account the above R2 assumptions the following permutation are possible for the simple case of 2 CC as shown in the figure below for the case of 1CC and 2CC 
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CA configuration for CA band class 2
Some observations

a) The table only addresses 2CC,  as the number of #CC increase the number of UL / DL CC permutations will increase significantly 

b) In the case of a small duplex distance the RFSEN value can be degraded due to self interference depending on the TX – Rx spacing between the different CC in the UL and DL. 

c) Scenario 1 and 2 are identical to rel 8/9 and in this case performance is identical release 8/9 performance as fixed duplex distance is maintained (scenario 1 and 2) 

d) Scenario 5 and 6 cover the case of asymmetrical UL / DL channel bandwidth

e)  Scenario 3 and 4 are allowed configurations but have variable duplex distance leading to better and worse RFSEN performance compared to rel 8/9   

f) In order to reduce the number of CC permutations would be to ensure that a fixed duplex distance is maintained between a linked UL and DL CC. This would exclude scenario 3, 4 and 6, however this would excludes the benefit of larger duplex distance. A larger duplex distance will reduce self interference and there for not recommended. 

g) Scenario 3 may be better for than scenario 4 for mitigating self interference but could cause more OOB interference to a co-located system. 

h) All the above CA scenarios appear to be a sub–set of scenario 7 

On the basic that the working assumption that R2 signalling would support a linkage between the UL and DL CC for PCC and all SCC it is possible to define the CC UL/DL for each band when CA is deployed. As the Rel 8/9 requirements would still be applicable we would only need to specify an additional scenario depending on the TX- RX frequency separation. In this for each CA band one of the two options would be applicable i.e. 5 or 7 below depending on the TX- RX separation as shown below 
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CA Rx configuration for CA band class 2 and above 

For small duplex gaps scenario 5 would be applicable and for larger duplex gaps scenario 7 would be more appropriate. In this case the requirements would be band dependant
Assumptions 
7.3.1A

CA Minimum requirements (QPSK) 

7.3.1A.1
CA Intra band Minimum requirements (QPSK) 
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

Table 7.3.1A-1: Reference sensitivity QPSK PREFSENS (CA Band class 2)

	Channel bandwidth

	CA Band
	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	CA_1
	1
	-
	-
	-
	-
	- 
	TBD] 
	FDD

	CA_40
	40
	-
	-
	-
	-
	-
	TBD] 
	FDD

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 6.2.5
Note 2:
-
Note 3:
The signal power is specified per port

Note 4:
The DL CC shall be located as close as possible to the uplink operating band but confined within the transmission bandwidth (Table 5.6-1).


Table 7.3.1A-2 specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met. 

Table 7.3.1A-2: Minimum uplink configuration for reference sensitivity (CA Band class 2)

	E-UTRA Band / Channel bandwidth / NRB / Duplex  mode

	CA Band
	E-UTRA Band
	1.4 MHz

[NRB]
	3 MHz

[NRB]
	5 MHz

[NRB]
	10 MHz

{NRB}
	15 MHz

(NRB)
	20 MHz

(NRB)
	Duplex Mode

	C_1
	1
	-
	-
	-
	-
	-
	[200] 
	FDD

	C_40
	40
	-
	-
	-
	-
	-
	[200] 
	TDD

	Note 1:      The number of UL resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. 

Note 2:     For FDD the UL CC shall be located as close as possible to the downlink operating band 
Note 3:     For FDD the UL resource blocks shall also be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 



Unless given by Table 7.3.1A-3, the minimum requirements specified in Tables 7.3.1A-1 and 7.3.1A-2 shall be verified with the network signalling value NS_TBD (Table TBD) configured. 

Table 7.3.1A-3: Network Signalling Value for reference sensitivity

	E-UTRA CA Band
	E-UTRA Band
	Network Signalling value

	
	
	


2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment

7.3.2

Requirement for large transmission configurations 

Should the TX be specified for REFENSE be should be single RB, full allocation (single or multiple CC)?

Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
2) CA_X-Y  (Inter band  non contiguous CA)
3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)

5) CPE (Customer Premises equipment)

7.4
Maximum input level


























































