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1. Introduction

Through the extensive discussion in the previous RAN4 meetings, APAC700 (FDD) will be specified as a single operating band assuming a duplexer design of dual duplexer configuration. Thus, it would be highly challenging for terminals supporting this band to protect its lower side of receiver frequency range. In this contribution, we carefully study the achievable self-band protection level and a trade-off with REFSENS for APAC700 (FDD). Finally, we propose the relevant requirements on this issue.
2.  Discussion

2.1.  Brief overview
As provided in Figure 2.1-1, when terminals supporting the APAC700 (FDD) use the 2nd duplexer, it would be difficult to satisfy -50 dBm/MHz at around its lower side of receiver frequency range, i.e., around 758 MHz, for some wide channel bandwidths. The reason is that the 2nd duplexer can not provide sufficient Tx-Ant attenuation in such frequency range, since the 2nd duplexer is generally designed to have a necessary and sufficient attenuation from 773 MHz. In other words, the terminals using the 2nd duplexer can inherently satisfy -50 dBm/MHz over 773 – 803 MHz for all the channel bandwidths. Note that when the terminals use the 1st duplexer, then, -50 dBm/MHz is also inherently met over 758 – 803 MHz for all the channel bandwidths. The above discussions are summarized as follows.
· Point 1: APAC700 terminals using the 1st duplexer can satisfy -50 dBm/MHz@ 758 – 803 MHz
· Point 2: APAC700 terminals using the 2nd duplexer can satisfy -50 dBm/MHz@ 773 – 803 MHz

In the following sections, we analyze the self-band protection limit for the terminals using the 2nd duplexer to protect the frequency range over 758 – 773 MHz.
[image: image1.emf]APAC700(FDD) 

↑

APAC700(FDD)

↓

803 MHz 748 703 758

APAC700(FDD) Frequency arrangement

One of the assumed dual duplexer configurations

718 803 MHz 773 748

2

nd

DPX

↓

1

st

DPX 

↑

1

st

DPX 1

↓

703 733 758 788MHz

2

nd

DPX

↑

Tx-Ant

Around 20 dB difference


Figure 2.1-1: Self-band protection and one of the assumed dual duplexer configurations
2.2.  Trade-off between self-band protection and REFSENS
Technically, it would be possible for the 2nd duplexer to obtain sufficient Tx-Ant attenuation from 758 MHz. There is, however, a trade-off between the performance of Tx-Ant over 758 – 773 MHz and that of Tx-Rx ISO over 773 – 803 MHz. Note that Tx IL would be also associated with this issue. This means that if the 2nd duplexer is designed to obtain the sufficient attenuation of Tx-Ant over 758 - 773 MHz, it will definitely lose its Tx-Rx ISO. Therefore, we propose the following with some rational justifications.

· Proposal 1: At least more than 45 dB Tx-Rx ISO over APAC700 (FDD) Rx shall be used as a baseline.
· Reason 1: Tx-Rx frequency separation of APAC700 (FDD) is only 55 MHz. This means REFSENS is very sensitive to the value of Tx-Rx ISO over APAC700 (FDD) Rx performance.

· Reason 2: At least 45 dB or more sufficient isolation has been used a baseline for REFSENS studies in 3GPP.  

· Reason 3: REFSENS is a key requirement common to the APAC700 (FDD).
2.3.  Performance of 2nd duplexer
In this section, we provide the 2nd duplexer simulation results from two major vendors. The data from each vendor are summarized in Table 2.3-1. The detailed frequency response of each duplexer is captured in [2].
Table 2.3-1: Performance of 2nd duplexer
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2.4.  Protection limit analysis
In this section, we study to what extent the terminals using the 2nd duplexer can satisfy the protection limits and their conditions for each channel bandwidth. As provided in Table 2.4-1, it can be seen that the reachable distance of the inter-modulation due to 1 RB transmission depends on the channel bandwidth. In addition, it is expected that for 3, 5 and 10 MHz channel bandwidths cases, full RBs transmission is the worst case, on the other hand, for 15 and 20 MHz channel bandwidths, 1 RB transmission is the worst case.
Table 2.4-1: Worst case analysis for noise level at 758 MHz
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2.4.1. For 15 and 20 MHz channel bandwidths
In these cases, the largest inter-modulation (IM) due to 1 RB transmission and its image can cross over 758 MHz. Thus, the worst case is that the IM is located at just above 758 MHz where the 2nd duplexer can provide the smallest attenuation. From the results of [1], it can be seen that -21 dBm/MHz is the largest noise level from a PA under the conditions that no duplexer attenuation is provided and IQ image requirements is - 28 dBc. At present, unfortunately, how to handle the LO leakage and IQ image requirements are still under discussion. Thus, to obtain an attainable protection limit, we need to take into account the followings.

1. In practice, LO leakage and IQ image performance are better than -25 dBc. We assume [-28] dBc at the minimum. 
· Then, attainable protection limit would be [-21] dBm/MHz without duplexer attenuation [1].

2. From 2.3-1, a duplexer can provide [23] dB attenuation above 758 MHz.
As a result, we can see the following.

· Observation 3: Terminals using the 2nd duplexer can satisfy [-44] dBm/ MHz@ 758 MHz  for 15 and 20 MHz channel bandwidths. Note that [-44] dBm/MHz comes from “-21 dBm/MHz  - 23 dB”.
2.5. Receiver frequency range to satisfy -50 dBm/MHz 
As discussed in Section 2.4, [-44] dBm/MHz is achievable for the terminals using the 2nd duplexer at 758 MHz for 15 and 20 MHz channel bandwidths. The remaining issue would be that from where the terminals with 20 MHz channel bandwidth can satisfy -50 dBm/MHz. From general specrum emission mask requirement, it can be seen that any terminals can satisfy at least -21 dBm/MHz at [768] MHz with consideration RF front end loss of 4 dB. In addition, it is natural that the 2nd duplexer can provide more sufficient attenuation at 768 MHz than [23] dB at 758 MHz at least by [6] dB.  Considering the above, we can observe the following.

· Observation 4: Terminals using the 2nd duplexer can satisfy -50 dBm/ MHz@ [768] - 803 MHz for 15 and 20 MHz channel bandwidths.
Based on all the discussion above, in summary, we propose the following as the self-band protection limit for TS 36.101. Note that for simplicity of the specification, we adopt one unified requirement for all the available channel bandwidths in APAC700 (FDD). 

· Proposal 2: [-44] dBm/MHz@758-[768] MH and -50 dBm/MHz@[768]-803 MHz for the self-band protection limit in APAC700 (FDD).
· These are applicable to all the channel bandwidths specified for APAC700 (FDD).
2.6. Consideration on additional requirement
In some regions or countries, there might be a case that more stringent requirement compared to [-44] dBm/MHz is required as a self-band protection limit.

· Proposal 3: If there is a request that more stringent protection limit compared to [-44] dBm/MHz is required, for e.g., -50 dBm/MHz, we could additionally specify such requirement with a new NS value and the associated A-MPR table.
2.7. How to specify self-band protection
As one of the examples how to capture Proposals 1,2 and 3 into TS 36.101, we provide Table 2.7-1 and Table 2.7-2.
Table 2.7-1: Spurious emission UE co-existence table
	E-UTRA  Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Comment

	APAC700 FDD
	Frequency range
	758
	-
	[768]
	[-44]
	1
	

	
	Frequency range
	[768]
	-
	803
	-50
	1
	

	
	Frequency range
	758
	-
	803
	-50
	1
	Note X

	Note X
Applicable when NS_0X in section X.X.X.X.X is signalled by the network


Minimum requirement (network signalled value “NS_X”)

When “NS X” is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Tables 2.7-2. This requirement also applies for the frequency ranges that are less than ΔfOOB (MHz) in Table 2.7-2 from the edge of the channel bandwidth.
Table 2.7-2: Additional requirement 
	Frequency band     [MHz]
	Spectrum emissions limit [dBm]
	Measurement bandwidth

	758 ≤ f ≤ 803 MHz
	-50
	1 MHz


3. Conclusion

In this contribution, we discussed the self-band protection limit for APAC700 (FDD) together with the impact on REFSENS. As a result, we propose the followings.
· Proposal 1: At least more than 45 dB Tx-Rx ISO over APAC700 (FDD) Rx shall be used as a baseline.

· Proposal 2: [-44] dBm/MHz@758-768 MH and -50 dBm/MHz@768-803 MHz for the self-band protection limit in APAC700 (FDD).
· These are applicable to all the channel bandwidths specified for APAC700 (FDD).
· Proposal 3: If there is a request that more stringent protection limit compared to [-44] dBm/MHz is required, for e.g., -50 dBm/MHz, we could additionally specify such requirement with a new NS value and the associated A-MPR table.
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