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1 Introduction
In RAN#67, the study on scope of 4RX requirements for UE was concluded. Based on the conclusions, a new work item was agreed [1]. 
The requirements in TS 36.101, Section 7 [2] assume that the UE is equipped with a dual receiver. Thus, for many requirements, investigation is needed to include 4RX UE requirements. The reference sensitivity is one of those issues. The REFSENS level is also used in the selectivity and blocking tests, thus this is one of the first issues to be discussed and agreed upon. The reference sensitivity is a test of the receiver noise factor, and the noise performance of the branches should preferably be the similar in a conductive test.
In this paper, we discuss our understanding on REFSENS for 4AP UE. 
2 Discussion

As it has been agreed in Rel-8 2AP UE receiver [3], we propose to use the same principles for 4RX UE case:

1. reference sensitivity is tested per antenna connector

2. all four antenna ports are used to verify the blocker and selectivity requirements

3. receiver spurious emission is verified per antenna connector with the other(s) terminated
Keeping inline with Rel-8 agreementswe propose to use relative throughput as a performance metric for REFSENS evaluations; the same test point and without use of HARQ retransmissions.
2.1 Throughput performance

[image: image1.emf]SNRs_dB

-8 -7 -6 -5 -4 -3 -2 -1 0 1

t

h

r

o

u

g

h

p

u

t

_

a

c

t

u

a

l

0

1

2

3

4

5

6

7

131673

mcs_index = 5, nrof_user_antennas = 2

mcs_index = 5, nrof_user_antennas = 4

mcs_index = 7, nrof_user_antennas = 2

mcs_index = 7, nrof_user_antennas = 4

mcs_index = 8, nrof_user_antennas = 2

mcs_index = 8, nrof_user_antennas = 4


Figure 1 Throughput performance when 2 and 4 AP is used in the UE receiver

Figure 1 shows the thoughput performace when 2 and 4 APs are used in UE receiver. Three difference MCS levels (MCS5, MCS7 and MCS8) are included in the investigations. For 2AP RX ports, an SNR of -4 dB per port was assumed for the specification of REFSENS during Rel-8, and a reference measurement channel based on MCS5 was chosen. This allows detection of e.g. the synchronization signals.  For 4AP RX ports, the corresponding SNR level would be -7 dB per port, which may be challenging for reliable detection of all necessary control signaling. MCS8, on the other hand, requires -4 dB just like MCS5. Hence if MCS8 is considered for 4RX AP, the RFESENS can be similar to 2RX UE when MCS5 was used for Rel-8 investigations and remaining signals can be reliably detected. Moreover, in this case, no new REFSENS table is required; however only a note that MCS8 is considered for 4RX UE is required in the refsens table in [2]. However, in practice the actual noise performance of the ports of an 2AP RX UE are much better than that implied by the REFSENS requirement (large margin) for most bands, which means than an additional 3 dB per port could be accommodated for a 4 AP RX UE with similar noise performance per port without falling short of the SNR requirement. If the margin is small, on the other hand, then it may not be possible to decrease the REFSENS by 3 dB for 4RX while still keeping the actual SNR above -6 dB (sync). Nevertheless, if MCS5 is used, then a 3dB addition is relevant for most bands for 4RX UE. 

Observation: if we use MCS8 for 4RX UE, then REFSENS values can be reused in 36.101. If MCS5 is used as referene, then 3dB addition is relevant for most bands compared to 2RX UE.

2.2  REFSENS for 4RX UE
Based on current REFSENS table for 2RX UE, we list down the above mentioned two options in the following table. We have included the bands as proposed in [4]. 
For each bandwidth, the column corresponding to “MCS8” is the same REFSNS level compared to 2RX UE, while the column corresponding to “MCS5” is 3dB in addition to REFSENS table in 36.101. 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	
	MCS8
	MCS5
	MCS8
	MCS5
	MCS8
	MCS5
	MCS8
	MCS5
	MCS8
	MCS5
	MCS8
	MCS5
	

	1
	
	
	
	
	-100
	-103
	 -97
	-100
	-95.2 
	-98.2
	-94 
	-97
	FDD

	4
	-104.7
	-107.7
	-101.7
	-104.7
	-100
	-103
	-97
	-100
	-95.2
	-98.2
	-94
	-97
	FDD

	7
	
	
	
	
	-98
	-101
	-95
	-98
	-93.2
	-96.2
	-92
	-95
	FDD

	10
	
	
	
	
	-100
	-103
	-97
	-100
	-95.2
	-98.2
	-94
	-97
	FDD

	22
	
	
	
	
	-97
	-100
	-94
	-97
	-92.2
	-95.2
	-91
	-94
	FDD

	23
	-104.7
	-107.7
	-101.7
	-104.7
	-100
	-103
	-97
	-100
	-95.2
	-98.2
	-94
	-97
	FDD

	30
	
	
	
	
	-99
	-102
	-96
	-99
	
	
	
	
	FDD

	34
	
	
	
	
	-100
	-103
	-97
	-100
	-95.2
	-98.2
	
	
	TDD

	38
	
	
	
	
	-100
	-103
	-97
	-100
	-95.2
	-98.2
	-94
	-97
	TDD

	40
	
	
	
	
	-100
	-103
	-97
	-100
	-95.2
	-98.2
	-94
	-97
	TDD

	41
	
	
	
	
	-98
	-101
	-95
	-98
	-93.2
	-96.2
	-92
	-95
	TDD

	42
	
	
	
	
	-99
	-102
	-96
	-99
	-94.2
	-97.2
	-93
	-96
	TDD

	43
	
	
	
	
	-99
	-102
	-96
	-99
	-94.2
	-97.2
	-93
	-96
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port


2.3 Specification of REFSENS in 36.101 for 4RX UE
2.3.1 Option 1: MCS8 is used as reference
If MC8 is used as reference, then following can be one of the options for specification of 4RX UE.

=====< Taken from 36.101>==========

Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	18
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	48
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	78
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	108
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	
	
	-97
	-94
	
	
	FDD

	18
	
	
	-1007
	 -977
	-95.27 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	228
	
	
	-97
	-94
	-92.2
	-91
	FDD

	238
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	24
	
	
	-100
	-97
	
	
	FDD

	25
	-101.2
	-98.2
	-96.5
	-93.5
	-91.7
	-90.5
	FDD

	26
	-102.7
	-99.7
	-97.56
	-94.56
	-92.76
	
	FDD

	27
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	28
	
	-100.2
	-98.5
	-95.5
	-93.7
	-91
	FDD

	308
	
	
	-99
	-96
	
	
	FDD

	31
	-99.0
	-95.7
	-93.5
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	348
	
	
	-100
	-97
	-95.2
	
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	408
	
	
	-100
	-97
	-95.2
	-94
	TDD

	418
	
	
	-98
	-95
	-93.2
	-92
	TDD

	428
	
	
	-99
	-96
	-94.2
	-93
	TDD

	438
	
	
	-99
	-96
	-94.2
	-93
	TDD

	44
	
	[-100.2]
	 [-98]
	[-95]
	[-93.2]
	[-92]
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

NOTE 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.

NOTE 6:
6 indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 7:
For a UE that support both Band 18 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.
NOTE 8: 8 applicable for UEs equipped with 4RX portsusing MCS8.



=====< Taken from 36.101>==========

2.3.2 Option 2: MCS5 is used as reference for 4RX UE

In this case a new table is needed after the above mentioned table, which could be as follows:

=====< Potential additions in 36.101>==========

Table 7.3.1-1A: Reference sensitivity QPSK PREFSENS for 4RX UE
	Channel bandwidth

	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
	
	
	-103
	-100
	-98.2
	-97
	FDD

	4
	-107.7
	-104.7
	-103
	-100
	-98.2
	-97
	FDD

	7
	
	
	-101
	-98
	-96.2
	-95
	FDD

	10
	
	
	-103
	-100
	-98.2
	-97
	FDD

	22
	
	
	-100
	-97
	-95.2
	-94
	FDD

	23
	-107.7
	-104.7
	-103
	-100
	-98.2
	-97
	FDD

	30
	
	
	-102
	-99
	
	
	FDD

	34
	
	
	-103
	-100
	-98.2
	
	TDD

	38
	
	
	-103
	-100
	-98.2
	-97
	TDD

	40
	
	
	-103
	-100
	-98.2
	-97
	TDD

	41
	
	
	-101
	-98
	-96.2
	-95
	TDD

	42
	
	
	-102
	-99
	-97.2
	-96
	TDD

	43
	
	
	-102
	-99
	-97.2
	-96
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port


Here it is assumed that all bands can accommodate a 3 dB lower input signal.

=====< Potential additions in 36.101>==========

3 Conclusions

In this contribution, we have discussed the REFSENS investigations and potential specifications issues for 4RX UE. Based on the thoughput performance for 2RX and 4RX UE, we observe the following:

Observation: if we use MCS8 for 4RX UE, then REFSENS values can be reused in 36.101. If MCS5 is used as referene, then 3dB addition is relevant for most bands compared to 2RX UE.

Based on this observation, we described two potential ways of specification for 4RX UE REFSENS values in 36.101.
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