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1 Background
In this contribution we give the background to the CR [1] introducing RF requirements for 4RX AP based on agreements and decisions made at RAN4#76bis. This meeting decided that the bands to be considered for the first version of the specification of 4RX AP are

· FDD bands: 1, 2, 3, 4, 7, 8, 20, 28 and 32

· TDD bands: Band 38, 39, 41 and band 42
on condition that a note be included to address concerns on implementation of four antennas for low bands [2]
“Write in a note that the specification does not mandate implementation of 4RX in all bands”,
and that the work item can be considered complete if the following can be achieved
“One low FDD band, one high FDD band, one high TDD band one very high band with the understanding that the note above is included”.
For band-agnostic requirements the following package was agreed: 

· Maximum input level, ACS
· Same for 2RX and 4RX AP
· In-band blocking, narrow-band blocking, out-of-band blocking and spurious response
· Retain 2 RX AP parameters but refer to the 4RX AP REFSENS
· No band-agnostic 2RX fallback requirement tested for conformance in 36.521-1
· Applies for bands supporting 4RX
2 Applicability of 4RX requirements

The requirements for 4RX AP are in addition to the baseline 2RX AP core requirements that always apply. Following the agreement on band-agnostic requirement, it is sufficient to verify for conformance the requirements for 4RX in the bands capable of four-antenna operation (RF requirements are verified for all supported bands); an informative note is included to this end:
7.2
Diversity characteristics

The requirements in Section 7 assume that the receiver is equipped with two Rx port as a baseline. These requirements apply to all UE categories unless stated otherwise. Additional requirements apply for UE(s) equipped with four Rx ports. With the exception of subclause 7.9 all requirements shall be verified by using both (all) antenna ports simultaneously.
NOTE:
for an operating band in which the UE can operate using up to four Rx ports, it suffices to verify for conformance the additional requirements applicable for four Rx ports. 
For a category 0 UE the requirements in Section 7 assume that the receiver is equipped with single Rx port.
This note serves as guidance to RAN5 for the specification of the conformance tests. An exception may have to be made for verification of REFSENS if decided that this needs verification also for 2RX fall-back operation.  
3 Reference sensitivity with note on implementation of 4RX bands
Reference sensitivity is the only band-dependent requirement. The additional requirements for 4RX AP are introduced in a separate table together with an informative note that implementation of four antennas in not mandated in all bands, some example bands included below:
For UE(s) equipped with 4 antenna ports the following additional requirements apply. The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1a and Table 7.3.1-2.
Table 7.3.1-1a: 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

	1
	
	
	-103
	-100
	-98.2
	-97
	FDD

	2
	[-105.7]
	[-102.7]
	-101
	-98
	-96.2
	-95
	FDD

	…
	
	
	
	
	
	
	

	20
	
	
	-100
	-97
	-94.2
	-93
	FDD

	…
	
	
	
	
	
	
	

	41
	
	
	-100.5
	-97.5
	-95.7
	-94.5
	TDD

	42
	
	
	[-101.5]
	[-98.5]
	[-96.7]
	[-95.5]
	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.


The reference receive sensitivity (REFSENS) requirement specified in Table 7.3.1-1 (two antenna ports) and Table 7.3.1-1a (four antenna ports) shall be met for an uplink transmission bandwidth less than or equal to that specified in Table 7.3.1-2.

NOTE:
Table 7.3.1-2 is intended for conformance tests and does not necessarily reflect the operational conditions of the network, where the number of uplink and downlink allocated resource blocks will be practically constrained by other factors. Typical receiver sensitivity performance with HARQ retransmission enabled and using a residual BLER metric relevant for e.g. Speech Services is given in the Annex G (informative).
NOTE:
Implementation of 4 antenna ports for a supported operating band is not mandated.
For the UE which supports inter-band carrier aggregation configuration in Table 7.3.1-1A and Table 7.3.1-1B with the uplink in one or two E-UTRA bands, the minimum requirement for reference sensitivity in Table 7.3.1-1 shall be increased by the amount given in ΔRIB,c in Table 7.3.1-1A and Table 7.3.1-1B for the applicable E-UTRA bands. The corresponding modification of the minimum requirements for reference sensitivity in Table 7.3.1-1a is FFS.
The entries of the table above are provided as examples in accordance with the proposal in [3]. We have also assumed that the ΔRIB,c for a band part of a CA band combination and supporting 4RX operation is specified at a later stage as proposed in [4]. 
4 Band-agnostic requirements
For the band-agnostic requirements we retain the test parameters for 2RX AP and only make a reference the REFSENS input levels applicable for 4RX following the agreed “package” (fallback modes not verified for conformance). Below an example for in-band blocking:

Table 7.6.1.1-1: In band blocking parameters

	Rx parameter
	Units 
	Channel bandwidth

	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	6
	6
	6
	6
	7
	9

	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	FIoffset, case 1 
	MHz
	2.1+0.0125
	4.5+0.0075
	7.5+0.0125
	7.5+0.0025
	7.5+0.0075
	7.5+0.0125

	FIoffset, case 2 
	MHz
	3.5+0.0075
	7.5+0.0075
	12.5+0.0075
	12.5+0.0125
	12.5+0.0025
	12.5+0.0075

	NOTE 1: 
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex 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 and set-up according to Annex C.3.1
NOTE 3:
The REFSENS power level is specified in Table 7.3.1-1 and Table 7.3.1-1a for two and four antenna ports, respectively.


This means that the wanted signal level is lower in bands capable of 4RX operation while the blocker levels are unchanged. 
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