3GPP TSG-RAN4 Meeting #62bis
R4-122712
Prague, Czech Republic, 21 – 25 May 2012
Agenda Item:
6.13.1
Source: 
CMCC
Title: 
UE capability to support simultaneous transmission/reception for TDD inter-band CA

Document for:
Discussion
1 Background
In RAN4#60bis, TDD inter-band CA with different UL-DL configurations on different bands was discussed. It’s concluded that [1]
· The TDD inter-band frequency spacings and FDD duplex spacings are both band specific. Taking band 38 and band 40 as an example scenario for TDD inter-band carrier aggregation, the corresponding inter-band frequency spacing is similar to that of FDD band 1.

· The feasibility of TDD UE supporting simultaneous transmission/reception for a given band combination should be considered on a band combination specific basis. A UE supporting inter-band carrier aggregation with different UL-DL configurations does not necessarily mean supporting of simultaneous transmission/reception on different bands. There is no architectural limitation to do so. Additional complexity and cost or degraded RF performance (sensitivity, output power) may occur for TDD UEs supporting simultaneous transmission/reception on different bands, compared to UEs not supporting simultaneous transmission/reception on different bands. If similar filtering performance for TDD is assumed as for FDD then similar band separation can be expected as for FDD.
In this paper, we investigate UE capability to support simultaneous transmission/reception from RF implementation point of view for TDD inter-band CA and propose possible solutions.

2 UE capability to support simultaneous Tx/Rx
2.1 RF requirements

To support simultaneous transmission and reception in different TDD operating band, UE has to satisfy the corresponding in-device coexistence requirements, e.g. spurious emission and blocking requirement. 

Table 1 UE assumptions for deterministic analysis
	Parameter
	Value

	Maximum output power
	23dBm

	Noise figure
	9dB

	Isolation between transmitter and receiver
	10dB


· Spurious emission requirement: assuming the acceptable desense level of 3dB, the maximum allowed spurious emission is -95dBm/MHz at the transmitter port.

· Blocking requirement: the receiver should have the capability to suffer 13dBm out-of-band interference in transmitter frequency range.
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Figure 1 Coexistence requirements to support simultaneous Tx/Rx
2.2 Existing TDD UE performance

Terminal is a cost-sensitive product. Reusing as much components of legacy devices as possible for new generation terminal is a natural choice. Therefore, we take TD-SCDMA and TD-LTE UEs as examples to evaluate whether existing TDD UEs could support simultaneous transmission and reception or not in possible inter-band CA scenarios. 

[image: image2.png]v
ty roscoma |t

ti

band {

band a

band 40

1880

1920

2010

2025

2300

2400

2570





Figure 2 Example of TDD inter-band CA

Device under test (DUT)
· 1 type of TD-SCDMA terminal which supports both band a (2010-2025MHz) and band f (1880-1920MHz) 
· 2 types of TD-LTE terminal which support both band 40 (2300-2400MHz) and band 38 (2570-2620MHz)
Test descriptions
· The output power is configured to 23dBm for spurious emission test. The spurious emission is measured in the transmitter antenna port.
· The wanted signal is configured in the most problem location when test the blocking requirements. For example, the wanted signal is set in 2380-2400MHz with 20MHz bandwidth when test band 40 out-of-band blocking requirements in band 38 frequency range. Increasing the interfering signal power until the victim throughput >95%, record the interfering signal power level. 
Test results

Based on the test results of table 1 and table 2, we can observe that selected DUTs can’t support simultaneous transmission and reception in candidate inter-band carrier aggregation. The main reason is that no optimized duplexer is implemented in those UEs from cost, power efficiency and other perspectives.
Table 2 Test results of TD-SCDMA terminal

	Victim
Aggressor
	Band f

1880-1920MHz
	Band a

2010-2025MHz

	Band f

Center frequency: 1909.2MHz
	-
	-71.71dBm/MHz@2017.5MHz

	Band a

Center frequency: 2010.8MHz
	-65.99dBm/MHz@1917.66MHz
	-


Table 3 Test results of TD-LTE terminal

	                   Victim

Aggressor
	Band 40
2300-2400MHz
	Band 38
2570-2620MHz

	Spurious emission
	Band 40
2380-2400MHz
	-
	Type1:-56.23dBm/MHz@2610.5MHz

Type2:-72.89dBm/MHz@2618.3MHz

	
	Band 38
2575-2595MHz
	Type1:-55.81dBm/MHz@2376.9MHz

Type2:-73.62dBm/MHz@2336.8MHz
	-

	Blocking
	Band 40
2380-2400MHz
	-
	Type1: 2dBm

	
	Band 38
2575-2595MHz
	Type1: -1dBm
	-


Observation 1:

The selected DUTs can’t support simultaneous transmission and reception in candidate inter-band carrier aggregation.

2.3 Feasibility to support simultaneous Tx/Rx
From network perspective, supporting simultaneous transmission and reception in different TDD bands is an attractive feature. Theoretically, simultaneous Tx/Rx in different bands can be supported for most of potential TDD inter-band CA scenarios listed in table 4. However, operators may have different strategies in network deployments. For example, an operator may use 2:2 DL/UL (voice service, coverage) for lower TDD band and 3:1 DL/UL (data service) for higher TDD band, but another operator may use 3:1 DL/UL configuration for two TDD bands (data service). Furthermore, operators may change DL/UL configuration of their network according to the traffic load variation. Therefore, using same or different DL/UL configuration is operator specific. Operators may require base station vendors to support simultaneous Tx/Rx in interested inter-band CA scenarios to facilitate future network planning and optimization.
Observation 2:

From network perspective, using same or different DL/UL configuration in different TDD bands is operator specific.
Table 4 Potential TDD inter-band CA scenarios

	Inter-band CA
	CA_1
	CA_2
	Spacing

	Scenario 1
	Band 33
	Band 34
	90MHz

	Scenario 2
	Band 33
	Band 38
	545MHz

	Scenario 3
	Band 33
	Band 42
	1375MHz

	Scenario 4
	Band 33
	Band 43
	1575MHz

	Scenario 5
	Band 34
	Band 38
	650MHz

	Scenario 6
	Band 34
	Band 42
	1480MHz

	Scenario 7
	Band 34
	Band 43
	1680MHz

	Scenario 8
	Band 38
	Band 42
	780MHz

	Scenario 9
	Band 38
	Band 43
	980MHz

	Scenario 10
	Band 42
	Band 43
	0MHz

	Scenario 11
	Band 33
	Band 38
	545MHz

	Scenario 12
	Band 33
	Band 39
	90MHz

	Scenario 13
	Band 33
	Band 40
	275MHz

	Scenario 14
	Band 38
	Band 39
	650MHz

	Scenario 15
	Band 38
	Band 40
	170MHz

	Scenario 16
	Band 39
	Band 40
	380MHz

	Scenario 17
	…
	…
	…


From UE perspective, a duplexer had to be implemented to provide at least 47dB isolation [2] to support simultaneous transmission and reception in different TDD bands in inter-band CA operation. Figure 3 gives an example of UE architecture which is almost the same as FDD. Theoretically, this feature can be supported by UE for some potential TDD inter-band CA scenarios listed in table 4 if appropriate duplexer is applied. However, for some specific combinations, e.g. Band 42 and Band 43, it’s too hard for the UE to support this feature due to limited frequency spacing. Some UEs may support this feature but others may not support. It’s concluded in [1] that the feasibility of TDD UE supporting simultaneous transmission/reception for a given band combination should be considered on a band combination specific basis and there is no architectural limitation to do so. The network should know UE capability to support simultaneous Tx/Rx for specific band combination.
Observation 3:
From UE perspective, supporting simultaneous Tx/Rx in different TDD bands is at least a band combination specific feature. 
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Figure 3 Architecture to support simultaneous Tx/Rx in different bands for TDD inter-band CA
If the UE can support this feature in interested TDD inter-band CA scenarios, it will facilitate the physical channel design and network scheduling. However, most of UEs have to change their architecture and introduce duplexer which will bring additional complexity and cost or degrade RF performance (sensitivity, output power). The additional cost is hardly to be accepted especially for those low categories UEs. Furthermore, if this feature is mandatory for all UEs for a specific inter-band CA scenario, the corresponding additional complexity and cost don’t make sense when the operators use same DL/UL configuration in different bands. Furthermore, operators usually have different network deployment strategies due to different spectrum allocation and other aspects. For example, an operator may prefer 10+10MHz inter-band CA but another operator may prefer 20+20MHz intra-band CA. If this feature is mandatory for all UEs for a specific band combination, the corresponding degradation of UE’s RF performance in single band operation may be unacceptable by operators who don’t have enough frequencies for inter-band CA operation and prefer single band operation or intra-band CA operation. If this feature can be defined in a UE specific manner, it will give flexibility to operator to choose the right option according to its network deployment strategy.
Observation 4:
The feature of supporting simultaneous Tx/Rx for a specific band combination could be further defined in a UE specific manner. 
3 Possible solutions and impacts
There are two possible options to enable the network know UE capability of supporting simultaneous Tx/Rx for a specific band combination to do the right scheduling.

Option 1: define the feature of UE supporting simultaneous Tx/Rx as a band combination feature. For a specific band combination, all UEs are mandatory to have the same capability.

Pros
· Facilitate physical layer design and network scheduling.
· Better UE performance.
Cons
· Bring additional complexity and cost, especially for those low cost/categories UEs.
· May degrade UE’s RF performance (output power, sensitivity) and poor cell coverage for inter-band CA operation.
· May degrade UE’s RF performance (output power, sensitivity) for single-band operation which is hardly to be accepted by operators who don’t have enough frequencies for inter-band CA operations or operators who are more interested in intra-band CA operation.
· If the network side using the same DL/UL configuration in inter-band CA operation, the additional complexity and cost is meaningless.

· Bad flexibility to introduce new band combination with challenge frequency spacings. UEs have to support the feature only by introducing particular advanced filter with high cost and big insertion loss.

Option 2: define the feature of UE supporting simultaneous Tx/Rx as band combination feature. For a specific band combination, this feature is further defined in a UE specific manner.

Pros

· Give UE vendors flexibility to provide different categories of UEs based on operator or market demands.
· Cost-sensitive UEs will not support this feature and reuse legacy components and design.
· High category UEs could support this feature for better experience.

· Give operators flexibility to customized terminals based on their requirements.
· The operators can customize terminals to support this feature or not for a specific band combination base on their network DL/UL configuration or marketing strategies.

· Provide better UE RF performance, power efficiency and cell coverage for both inter-band CA operation and single band operation.
· For FDD inter-band CA, UE has to support too many inter-band combinations to achieve good economy of scale. The main drawback is the degradation of single band operation or specific inter-band combination that some operators really want. 
· Good flexibility to introduce new band combination with challenge frequency spacings for both FDD and TDD in the future.

· For FDD inter-band CA, it’s also very challenge for UEs to support simultaneous Tx/Rx in some specific band combinations, e.g. APAC700 and Low e850 combination. If supporting simultaneous Tx/Rx can be defined in a UE specific manner, it can give flexibility for both FDD and TDD to introduce new band combination with challenge frequency spacings.
Cons
· Additional complexity on physical layer design and network scheduling.

· UE peak throughput
Based on the above analysis, it’s proposed to choose option 2 and define the feature of supporting of simultaneous Tx/Rx in a UE specific manner for a specific band combination.
4 Conclusion

In this paper, we investigate UE capability to support simultaneous transmission/reception in different TDD bands for inter-band and analysis the possible solutions to enable the network know the UE capability. Based on the analysis, it is proposed to define this feature in a UE specific manner for a specific band combination. A liaison is recommended to be sent to RAN2 to consider RAN4’s observations in their future works.
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6 Annex: Test results
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Figure A. 1 TD-SCDMA Band a UE spurious emission in Band f frequency range
[image: image5.wmf] 

A

 

*

3

D

B

R

B

W

 

1

 

M

H

z

O

f

f

s

e

t

 

6

 

d

B

L

V

L

R

e

f

-

1

4

 

d

B

m

A

t

t

 

5

 

d

B

*

S

t

a

r

t

2

.

0

1

 

G

H

z

S

t

o

p

2

.

0

2

5

 

G

H

z

1

.

5

 

M

H

z

/

S

W

T

 

1

 

s

M

A

X

H

*

*

1

 

R

M

V

B

W

 

3

 

M

H

z

*

 

-

1

1

0

-

1

0

0

-

9

0

-

8

0

-

7

0

-

6

0

-

5

0

-

4

0

-

3

0

-

2

0

1

M

a

r

k

e

r

 

1

 

[

T

1

 

]

 

 

 

 

 

 

 

 

 

 

-

7

1

.

7

1

 

d

B

m

 

 

 

 

 

2

.

0

1

7

5

4

8

0

7

7

 

G

H

z

Date: 4.MAY.2012  05:42:37


Figure A. 2 TD-SCDMA Band f UE spurious emission in Band a frequency range
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Figure A. 3 TD-LTE Band 38 UE spurious emission in Band 40 frequency range
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Figure A. 4 TD-LTE Band 40 UE spurious emission in Band 38 frequency range
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Figure A. 5 TD-LTE Band 38 UE spurious emission in Band 40 frequency range
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Figure A. 6 TD-LTE Band 40 UE spurious emission in Band 38 frequency range





















































































































