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1 Introduction

Reference Sensitivity (REFSENS) requirement for APAC700 terminal have been discussed in the past several meetings. Thanks to hard work by [1], [2] and relevant parties, the requirement for 10 MHz channel bandwidth (CBW) was almost agreed for FDD part ([- 96] dBm). However, requirements for other CBWs have not reached consensus yet in RAN4. We therefore make proposal for the requirements.
2 Background
Intensive studies have been done about this topic and proposal from [1] and [2] are summarized in Table 1. It seems that almost same view has been shared for 10 MHz CBW requirement between them while other requirements are in discrepancy, especially requirement for 20 MHz CBW. We try to compensate distance between two proposals in this contribution.
Table 1. Summary of suggested UE REFSENS
	Channel bandwidth (CBW)

	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

	…
	
	
	
	
	
	
	FDD

	R4-120480[1]
	
	-100.2
	-98.5
	-96
	- 94.2
	[-93]
	FDD

	R4-120650[2]
	
	TBD
	TBD
	[- 96]
	[- 93.5]
	[-88.5]
	FDD


3 Discussion
We refer discussion made in [2] here and it is assumed that thermal noise contribution excluding transmitter noise is 
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where LANT-RX and NFRFIC is the attenuation from the antenna to LNA and the noise factor of the RFIC and the values of 5 dB and 4 dB are assumed in the contribution, respectively. Our view is that the assumption of LANT-RX is slight large (namely, our view is around 4.5 dB) even if we assume the worst case. In addition, when we refer [1], the value is smaller than 3.5 dB at ETC. Even taking into account insertion loss of a switch which is for supporting dual duplexer architecture, total loss would be 3.5 + X dB. Here it is possible to apply X = 0.5 dB generally though we believe it is smaller than 0.5 dB with current technology. Even if implementation margins are considered, 4.5 – 4.7 dB can be achievable.
As the next step, the transmitter noise is assumed. The worst case would be the case that UL PRB is assigned at the upper edge of TX band. We agree with the worst case but if so, assumption of UE maximum output power (MOP) should not be 23dBm but 21.5 dBm due to Tc. Therefore, PTX in [2] would be changed to 21.5 dBm (the term of PTX term is described afterward). It is natural to take account into Tc as an assumption looking at the discussion for co-existence study between Band 26 and APAC700. 
SNR is defined as below;
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and it is approximated by standard MRC expression,
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when the transmitter noise is dominating (correlated noise). It is described that Vt denotes the transmitter noise and c the attenuation between the TX/RX branches in a conductive test. We then have
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 at the minimum SNR.
The transmitter noise is estimated as
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where TX-RX and ACLRRX are the duplexer isolation@RX and the noise falling into the receive bandwidth, respectively. Isolation@RX was adopted as 43 dB in [2] but RAN4 agreed that it should be 45 dB as a working assumption (it is correctly revised and captured when TP for TR was agreed [3]). However, we here found 2 dB improvement from the proposal in [2]. ACLR values are also introduced in [2] (we here refer it as Table 2). 
Table 2. ACLRRX (dBc) for various UL allocations (refer from [2])
	E-UTRA Band
	10 MHz
	15 MHz
	20 MHz

	APAC700
	[99.2] (15 RB)

[94.4] (20 RB)

[88.7] (25 RB)
	[81.8] (15 RB)1
[84.5] (20 RB)

[81.9] (25 RB)


	[71.9] (15 RB)1
[75.0] (20 RB)

[73.9] (25 RB)



	NOTE 1:     MPR = 0 dB


We did not have a way to confirm whether values were valid or not. However, according to above discussion, we have already found up to 4 dB improvement from the proposal in [2] (4 dB is divided into LANT-RX [~ 0.5 dB], Tc [1.5 dB] and TX-RX [2 dB]). Therefore, requirement for 20 MHz CBW would be changed into [– 92.5] dBm and the value is well aligned proposal from [1]. The difference of 0.5 dB might be caused by ACLRRX assumptions. At the same time, the requirement for 15 MHz CBW does not have to be relaxed. Namely, - 94.2 dBm shall be adopted. As a summary, below proposal shall be approved,

Proposal. REFSENS for APAC700 terminals should be specified as below.
Table 3. Proposed UE REFSENS
	Channel bandwidth (CBW)

	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

	…
	
	
	
	
	
	
	FDD

	APAC700
	
	-100.7
	-99
	-96
	- 94.2
	- 92.5
	FDD


4 Conclusion
In this contribution, we discuss UE REFSENS requirement for APAC700. No matter how the worst case is considered, relaxation proposed in [2] does not come around. We propose to approve requirements in Table. 3.
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