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1 Introduction

In RAN1 #66, RAN1 discussed TDD inter-band carrier aggregation with different UL-DL configurations on different bands, where transmission directions in the same subframe on different bands may be different, i.e. downlink on one band and uplink on another band. RAN1 sent a LS to RAN4 to evaluate UE implications for support of simultaneous transmission/reception on different bands. 
· Q1: For the possible TDD inter-band aggregation scenarios, what are the relevant TDD inter-band spacings (and their priorities) compared to FDD duplex spacings?

· Q2: If a UE supports aggregating cells on different bands with different UL-DL configurations, can it be assumed that the UE supports simultaneous transmission/reception on the different bands?

This paper analysis the two questions proposed by RAN1 and gives the draft answers to these questions.

2 UE capability to support simultaneous transmission/reception

2.1 RF isolation requirements

There are two kinds of interference should be considered to support simultaneous transmission/reception on different bands in the same handset, the blocking interference and spurious emission interference. Based on the previous experiences, the main impact of defining appropriate frequency spacing would be decided by the transmitter spurious emission interference at the receiving frequencies. So we will calculate the required frequency spacing to support the simultaneous transmission/reception in same handset on the different bands. 
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Figure 1 Interference problem for simultaneous transmission/reception on different bands
The transmit out-of-band emissions at the receiver frequencies will cause receiver desensitization. The general guideline of the transmit leakage power at the receiver frequencies of 0dB below the receiver thermal noise. Assuming 9dB receiver noise figure for UE, the maximum allowed interference power is -105dBm/MHz for protection of the UE. 
E-UTRA ACLR requirements for UE are as follows:

· ACLR1: 30dB

· ACLR2: 43dB

· ACLR3: 50dB 

We can get the required filter isolation requirement for UE of 53dB to achieve simultaneous transmission/reception on the different bands (ACLR3 region) in the same handset. 

Table 3 RF isolation requirement
	Parameter
	Values

	Output power
	23dBm

	Bandwidth
	20MHz

	ACLR3
	50dB

	MCL
	12dB

	Allowed interference power
	-105dBm/MHz

	RF isolation
	53dB


In practise, typical PA can achieve better ACLR performance, e.g. 45dBc@ACLR2, 55.8dBc@ACLR3 [1]. Therefore, the RF filter should provide at least 47dB isolation to support simultaneous transmission/reception in different bands. This requirement is comparable to FDD duplex isolation for protection of its own receiver. 
2.2 Filter performance
We will take a few examples to evaluate whether existing filter could achieve the above isolation requirement to support the simultaneous transmission/reception on different bands in the same handset. 
Figure 2 below illustrates the simulation of front end filters performance for Band 38 (passband: 2570-2610MHz) [2]. We can see that, with the temperature compensation, this approach can guarantee a minimum of 40 dB rejection to adjacent Band 7 channels, while still maintaining an insertion loss of 3 dB or less for TDD filter passband, across the whole temperature range from -10 to +55 degrees C.
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Figure 2 Band 38 filter (2570-2610MHz)
Figures 3 gives simulated filter response of a Band 38 FBAR filter over a -15C to 85C temperature range, and Figure 4 gives the response at 25C within the Band 7 receive frequencies [3]. Based on the simulation results, we can find that 45dB isolation can be achieved with 30MHz frequency gap. 
[image: image3.emf]
Figure 3 Band 38 FBAR implementation (simulated data)
[image: image4.emf]
Figure 4 Band 38 filter response across Band 7 at 25C
From the filter design point of view, the frequency spacing requirement to guarantee the desired RF isolation between UL and DL is related to many factors, e.g. filter type, operating frequencies, pass band, temperature range etc. If all of these factors are comparable, the frequency gap for TDD to support simultaneous transmission/reception on different bands would be the comparable to FDD duplex gap.
2.3 UE support for possible TDD inter-band aggregation scenarios
Table 1 lists the existing 3GPP E-UTRA TDD frequency bands as well as their deployment areas. Based on the frequency bands allocation, we summarised the possible TDD inter-band aggregation scenarios in table 2. 

Table 1 3GPP TDD frequency bands
	Band Number
	Frequency Range
	Region/Country

	Band 33
	2010-2025MHz
	EU, Japan, China etc.

	Band 34
	1900-1920MHz
	EU etc.

	Band 38
	2570-2620MHz
	EU, China etc.

	Band 39
	1880-1920MHz
	China etc.

	Band 40
	2300-2400MHz
	China etc.

	Band 41
	2496-2690MHz
	US etc.

	Band 42
	3400-3600MHz
	EU etc.

	Band 43
	3600-3800MHz
	EU etc.


Table 2 Possible 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


Comparing with FDD that operating in the similar frequencies and with similar bandwidth, in theoretical, the frequency spacing could support the simultaneous transmission/reception on different bands (except for scenario 10: Band 42 and Band 43 CA) in the same handset. For Band 42 and Band 43 inter-band CA, the UE could not support simultaneous transmission/reception on the different bands due to 0MHz frequency spacing. Therefore, simultaneous transmission or reception in different bands for inter-band CA is band specific for TDD. 
3 Potential impacts to support simultaneous transmission/reception
Potential impacts on UE
TDD terminals usually don’t have front-end filter on the transmitter branch if there is no strict coexistence out-of-band emission requirement. However, to support simultaneous transmission/reception in different bands, the UE had to apply front-end filter in the transmitter branch which will increase the cost. 
Potential impacts on BS

For most of possible TDD inter-band CA scenarios, BS could support simultaneous transmission/reception in different bands. Even for Band 42 and Band 43 inter-band CA, it’s possible for operators to use different UL-DL configurations on two carriers in different bands if the frequency spacing is big enough between two CCs. However, the UE could not support the simultaneous transmission/reception due to quite limited frequency spacing (0 MHz). If different UL-DL configurations are configured in the BS side for CA_42_43, the BS shall use some smart scheduling schemes to avoid UL-DL collision in the UE, perhaps some new UE reports are needed. Therefore, if a UE supports aggregating cells on different bands with different UL-DL configurations, it can’t assume that the UE supports simultaneous transmission/reception on the different bands.
As discussed above, simultaneous transmission/reception feature for TDD inter-band CA could bring some benefits, e.g. using flexible TDD configurations to adapt different traffic models. However, this feature may also bring complexity for BS scheduling or increase the cost of UE for specific inter-band CA scenarios.
Answer to Q1

Frequency spacing requirements to support simultaneous transmission/reception in different bands are band specific. For possible TDD inter-band aggregation scenarios, the relevant TDD inter-band spacings are comparable to FDD duplex spacings if the operation assumptions are similar, e.g. operating frequencies and pass band etc.

Answer to Q2
UE support of simultaneous transmission/reception on the different bands is also band specific. For most potential TDD inter-band CA scenarios, if a UE supports aggregating cells on different bands with different UL-DL configurations, it can be assumed that the UE supports simultaneous transmission/reception on the different bands. 

4 Conclusion
This paper analysis UE capability and the potential impacts to support simultaneous transmission/reception on the different bands for TDD inter-band CA. Based on the analysis, it’s proposed reply RAN2’s LS by following answers.
Answer to Q1

Frequency spacing requirements to support simultaneous transmission/reception in different bands are band specific. For possible TDD inter-band aggregation scenarios, the relevant TDD inter-band spacings are comparable to FDD duplex spacings if the operation assumptions are similar, e.g. operating frequencies and pass band etc.

Answer to Q2

UE support of simultaneous transmission/reception on the different bands is also band specific. For most potential TDD inter-band CA scenarios, if a UE supports aggregating cells on different bands with different UL-DL configurations, it can be assumed that the UE supports simultaneous transmission/reception on the different bands. 
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