3GPP TSG-RAN WG4 Meeting #72
R4-145063
Dresden, Germany, 18 – 22 Aug, 2014
Source:
Nokia Networks, Nokia Corporation
Title:
Summary of LC-MTC REFSENS specification discussion
Agenda item:
7.4.2
Document for:
Discussion
1
Introduction
A key factor to specify RF performance for low-cost MTC UE is the specification of reference sensitivity (REFSENS) performance.  During the RAN4 discussion process on the Rel-12 MTC work item [1], there have many discussions and progress on the specification process [3][4][5][6][7].  Although some progresses with approved TPs have been made regarding LC-MTC RF specification, there are still some key issues to remain open in RAN4.  This contribution addresses key open issues and provides potential way forward to make progress on low-cost MTC REFSENS specification.
2
Key open issues

There are two key open issues on REFSENS under discussion in RAN4.  The two open issues are
· implementation margin 2.5 dB vs 2.0 dB; and 
· single set of REFSENS requirements for both full duplex and half duplex, or separate set of REFSENS requirements for full duplex and half duplex respectively.
Supporting arguments for both sides of the issues are summarized in this contribution.  The purpose is to provide a clear view on the two key issues and to help to make a final decision on the REFSENS specification.

2.1
IM margin

The last RAN4 WF on REFSENS was agreed in RAN4 #70bis [2].  The agreed WF (based on RAN4 70bis meeting minutes) is copied here:
1. Process to derive ref sens can be based on R4-141533

2. All factors that are accounted for into the calculation are not agreeable currently. Particularly:

a. Implementation margin [2 or 2.5] dB
The Following proposal is approved:

The reference sensitivity for 1RX MTC UE can be adapted from the reference sensitivity value in Table 7.3.1-1 of TS 36.101 taking into account bullet 1 and 2 above
The Point 1 of the WF considers contribution R4-141533 [3] as the basis to derive REFSENS, and the Point 2 of the WF highlights the different views, particular the IM values of either 2dB or 2.5dB.
Note that the REFSENS calculation in R4-141533 was using IM=2.5dB, which is the typical IM values used for all LTE UE calculation.  For clarification, the REFSENS calculation table of Band 3, 8 and 20 (Table 2 of [3]) is copied here:

Table 1    1.4MHz FDD UE REFSENS of Band 3, 8 and 20 (copied from Table 2 of [3])

	
	
	low cost FDD UE (BW 1.4MHz)

	
	
	Band 3
	Band 8
	Band 20

	Noise floor
	dBm
	-174.0
	-174.0
	-174.0

	Number of PRB
	
	6.0
	6.0
	6.0

	Effective PRB bandwidth
	MHz
	1.08
	1.08
	1.08

	Noise figure
	dB
	9.0
	9.0
	9.0

	Implementation margin
	dB
	2.5
	2.5
	2.5

	Band dependent relaxation: Rb
	dB
	3.0
	3.0
	3.0

	SNR (2Rx)
	dB
	-4.0
	-4.0
	-4.0

	Relaxation due to IP2
	dB
	1.0
	1.0
	1.0

	Rx front-end nonlinearity
	dB
	0.5
	0.0
	0.0

	Rel-8 REFSENS (2Rx)
	dBm
	-101.7
	-102.2
	-102.2

	
	
	
	
	

	SNR (1Rx)
	dB
	-1.0
	-1.0
	-1.0

	REFSENS (1Rx)
	dBm
	-98.7
	-99.2
	-99.2


The supporting arguments to support either IM=2.0dB and IM=2.5dB are summarized in the table.

IM=2.5dB

· IM=2.5dB is the typical IM used for all LTE UE specification.  There is no exception for low-cost MTC UE, especially when the low-cost is concerned.

IM=2.0dB or alternative margin for REFSENS
· IM=2.5dB is due to Rx2 implementation in Rel-8 specification.  IM=2.0dB was applied during the Rel-8 discussion when single Rx was considered [7].

· Current REFSENS specification is based on Rel-8 specification, which has large margin given the progress of UE receiver technology.  It is totally viable to reduce the margin for Rel-12 low-cost MTC [6].
2.2
REFSENS specification of half duplex FDD
As discussed in [3] [4], there is sensitivity performance difference between full duplex FDD UE and half duplex FDD UE.  A full duplex FDD UE needs a duplexer for UL/DL; while a half-duplex FDD UE needs a Tx/Rx switch, instead of a duplexer.  The REFSENS difference will be determined by the band dependent relaxation due to the UL/DL duplexer of FD-FDD UE, and the Tx/Rx switch insertion loss of HD-FDD UE.  For many bands such as Band 3, 8 and 20, the Tx/Rx switch insertion loss is usually less than the relaxation values of UL/DL duplexer, as indicated in [4].  In these cases, it is expected that HD-FDD UE would have better sensitivity performance than that of FD-FDD UE.  
Based on the potential performance difference between HD-FDD UE and FD-FDD UE, there is a view on RAN4 to specific two REFSENS requirements for full-duplex and half-duplex FDD UE respectively [6].  The supporting arguments are also listed here.
Single REFSENS requirements for both full-duplex and half-duplex FDD UE

· One set of REFSENS requirements shall be specified to support both FD-FDD and HD-FDD UE.
· Network generally has no knowledge on whether a UE is half-duplex or full-duplex.  

Two REFSENS requirements for full-duplex and half-duplex FDD UE respectively [6]
· HD-FDD UE has potential better REFSENS performance than FD-FDD UE.

· The potential better sensitivity performance of HD-FDD UE (than FD-FDD UE) will not be captured if a single set of REFSENS requirements is used.

3
Discussions

With the summary of RAN4 discussions on the IM and HD-FDD REFSENS specification issues, we present our preference and way forward on the REFSENS specification for low-cost MTC UE category.
Although the Rx-1 with no diversity gain can potentially have less implementation margin than Rx-2, given the nature of low-cost for MTC, it is prudent to keep the current LTE UE implementation margin for Rel-12 low-cost MTC as well.  With this consideration, we propose to keep use the original LTE UE IM=2.5dB for category-0 UE.

Proposal 1:
LTE UE implementation margin of 2.5dB shall be applied for REFSENS specification of Rel-12 low-cost MTC UE.

On the separate specification for HD-FDD UE, it is understandable that HD-FDD UE may have better sensitivity performance than that of FD-FDD UE at certain FDD bands.  However, the difference is not significant [4]; and it is not quite clear whether this difference is consistent over all FDD bands.  If the two sets of REFSENS requirements were specified for FD-FDD and HD-FDD UE, the network usually has limited information about HD or FD capability for FDD UEs.  Therefore, there are limited benefits to specify two sets of REFSENS requirements for FD-FDD and HD-FDD UE respectively.  Based on this, we prefer to specify single REFSENS requirements for both full-duplex and half-duplex UE.
Proposal 2:
Single set of REFSENS requirements shall be specified for both full-duplex and half-duplex FDD low-cost UE.
During the RAN4 discussions, many companies concerns that the current REFSENS requirements are quite loose for UE performance in the field.  Because of the recent progress on UE receiver technology, it is understandable that current implementation of UE could be able to provide much better performance than Rel-8 UE.  However, the improvement of UE REFSENS over Rel-8 performance is not under the WI scope of Rel-12 low-cost MTC.  It might be fit into another SI/WI to improve Rel-8 sensitivity performance.  For low-cost MTC UE specification, we shall use current Rel-8 REFSENS performance as the baseline.
4
Conclusions

Two proposals are provided in the contribution on REFSENS specification for low-cost MTC.

Proposal 1:
LTE UE implementation margin of 2.5dB shall be applied for REFSENS specification of Rel-12 low-cost MTC UE.

Proposal 2:
Single set of REFSENS requirements shall be specified for both full-duplex and half-duplex FDD low-cost UE.
We suggest to consider these two proposals in RAN4 to consider way forward on REFSENS specification for low-cost MTC UE.
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