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1 Introduction
RAN4#76bis decided on the operating bands to be considered for the initial requirements for 4RX operation (additional bands to be included in later versions in a release-independent manner). The only band-dependent requirement is that for REFSENS. 
In this paper, we propose REFSENS requirements for a number of bands thatcan be included in the final specification and the scope for conformance testing of REFSENS. 
2 Discussion: 
In our previous contribution [4], we presented throughput evaluations when 2AP and 4APs are used at the UE. 

In RAN4#76bis meeting, following agreements were made in R4-15xxxx:

· There are “easy” bands and “difficult” bands with respect to REFSENS for 2RX and 4RX AP
· “Easy” bands are the ones on which there was large margin when REFSENS for 2RX AP was defined in Rel-8 timeframe
· RAN4 will treat REFSENS for 4RX AP on a band specific way.  
· Investigate which bands are “easy” and which ones are “difficult”.
· One single delta for “easy” bands and one single delta for “difficult” bands. 
· Consideration of 4RX and CA at the same time is TBD.
The notion of “easy” bands is not clearly defined but is used here for bands  that has a significant margin between actual performance and the 3GPP minimum requirement for 2RX AP such that conformance requriments can be met in extreme conditions with due account for device variability. We propose an offset of 3dB for these bands recognising that this is tighter than the MRC gain for 2RX and 4RX ports with uncorrelated interference. 
For bands that are more challenging in their duplex arrangement or in terms of coexistence with other bands, we propose to adopt a 2.5dB offset between 2AP and 4AP UE that corresponds to the MRC gain for uncorrelated interference. Smaller delta may be used for some bands (or particular bandwidths) on a case-by-case basis.

Based on the above we propose the following:

Proposal-1: Use the REFSENS offset between 2AP and 4AP UE as 3dB and 2.5dB for “easy” and “difficult” band, respectively.  

3 Specification of REFSENS in 36.101 for 4RX UE

Based on current REFSENS table for 2RX UE, we list down the above mentioned option in the following table. We have included the bands as proposed in [4]. 
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

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

	…
	
	
	
	
	
	
	

	20
	
	
	-100
	-97
	-94.2
	-93
	FDD

	…
	
	
	
	
	
	
	

	39
	
	
	-103
	-100
	-98.2
	-97
	TDD

	…
	
	
	
	
	
	
	

	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.


=====< Potential additions in 36.101>==========
In the above table, we assume that, band 1, 2, 20 and 39 are “easy” bands and band 41 and 42 are “difficult” bands, thus, 3.0dB offset is added for band 1, 2, 20 and 39, while 2.5dB offset is added for band 41 and 42. 
Band 1 and Band 2 core bands for FDD; measurements on a reference design supporting CA (with an antenna diplexer and hance additional insertion loss) with 2RX AP have shown margins between actual performance and 3GPP requirements larger than 4.0 dB for all bandwidths across temperature and channel allocations. The margin is larger at normal conditions. For Band 2, the margins are larger than 4.5 dB under the same conditions. We therefore propose a 3 dB offset for these bands.
The margins for Band 20 are around 6 dB as demonstrated in [5] for many types of devices.

Band 41 is a core band for TDD. However, the filter arrangement is more challenging due to coexistence, so margins are slightly smaller; we therefore propose a 2.5 dB delta for this band. 
Band 42 is not yet widely implemented in devices. It is therefore relevant to adopt requirements based on a 2.5 dB delta within square brackets for this band.
It is recognised that a 3 dB delta for “easy” bands implies tighter requirements for 4RX RX as compared to the 2RX counterparts, and the 2.5 dB delta for the difficult bands is barely the MRC gain between 2RX and 4RX for uncorrelated interference. In case these baseline values can be adopted, we propose that conformance testing of the REFSENS 2RX AP fall-back requirements (for 36.521-1) is not needed.
4 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 propose the following package:

Proposal-1: Use the REFSENS offset between 2AP and 4AP UE as 3dB and 2.5dB for “easy” and “diffiuclt” band, respectively.  

Based on this proposal, we presented a REFSENS table for 4RX UE, as shown in Section 2.2. We propose the following:

Proposal-2: Approve REFSENS table in Section 3 as the REFSENS requirement for 4RX UE. 
Proposal-3: 2RX fall-back conformance testing is not necessary for bands supporting 4RX AP operation
5 References

[1] RP-150427
New Work Item: LTE DL 4 Rx antenna ports
Ericsson
[2] TS 36.101
[3] R4-080696, “TP 36.101: REFSENS and associated requirements”, Ericsson.

[4] R4-156287, “UE reference sensitivity for 4AP UE”, Ericsson.

[5]  R4-155866, “REFSENS measurements of LTE devices”, Telecom Italia
