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1 Introduction
In this contribution, we discuss the scope of RRM performance requirements for the LTE DL 4 RX antenna port study item. The general objective of the study is to identify the scope and objectives of the potential WI on UE requirements for 4 Rx AP. For RRM, the objectives are to consider the scope of core and performance work items respectively. In this contribution we consider performance aspects and provide our views on the scope. The study is targeted to be completed in March 2015.
2 Discussion

The core part of RRM requirements consists of 36.133 sections 9 (UE measurement requirements) and annex A (test cases). Sections 4 to 8 are the core specification and the scope of RRM performance requirements is analysed in a companion contribution. 
We discuss the impacts in each section separately.

2.1  UE measurement requirements
In this section, RSRP and RSRQ accuracy requirements are specified. In principle a 4RX capable UE may be able to make more accurate measurement than a 2RX UE. The definitions of RSRP and RSRQ in 36.214 have a sentence which indicates 

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRP/RSRQ of any of the individual diversity branches.
This principle is readily extended to 4 diversity receiver branches without changes to the wording. While the intent of 36.214 is not to mandate any particular UE implementation, we think that nevertheless the most likely implementation to ensure that the RAN1 requirement is met is to estimate each RSRP (or RSRQ) sample according to

RSRP=max(RSRP1, RSRP2, RSRP3, RSRP4)

4 antenna ports should result in a more consistent measurement report and improved accuracy, compared with two antenna ports. In the work that RAN4 did on 1RX (type 0 requirements), the measurement period was relaxed to 400ms and the same accuracy requirement (in dB) is maintained over the longer measurement period. When it comes to 4RX, we do not propose to investigate shorter measurement periods than 200ms, but it should be studied whether there is scope to improve the accuracy
To study this further, we performed link level simulations of RSRP and RSRQ accuracy according to the simulation assumptions in table 1. Simulations follow those used for 2RX measurement accuracy studies in release 8, except that 4 UE RX antenna ports are assumed with 2RX as a baseline for comparison.

Table 1: Simulation parameters for measurement

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	System bandwidth
	6 resource blocks
	

	L1 measurement period
	200 ms
	

	Measurement sampling rate
	-
	Implementation dependent (NOTE 1)

	L3 filtering
	Disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2 and 4
	The receive diversity rule as defined in TS 36.214. All antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	AWGN, ETU70 and EPA5
	


In the simulations, 4 RX RSRP is measured by evaluating the maximum RSRP over antenna branches 1 to 4, and similarly, 2RX RSRP is calculated by evaluating the maximum RSRP over antenna branches 1 and 2. Statistics are collected on the difference between 4RX RSRP and 2RX RSRP. 
Figures 1, 2 and 3 show the mean, meadian and 90th percentile of the difference between the two RSRP measurement methodologies at different signal to noise ratio.
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Figure 1 : Mean, median and 90th percentile of difference between 4RX RSRP and 2RX RSRP at different SNR in AWGN
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Figure 2 : Mean, median and 90th percentile of difference between 4RX RSRP and 2RX RSRP at different SNR in EPA5
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Figure 3 : Mean, median and 90th percentile of difference between 4RX RSRP and 2RX RSRP at different SNR in ETU70
From the results, we make some observations:

Observation 1: For static channel conditions (Static) the biggest gain from using 4Rx over 2Rx is seen for low SNR 
Observation 2: For fading channel conditions (EPA5, ETU70) the biggest gain from using 4Rx over 2Rx is seen for medium to high SNR
Observation 3: At low SNR the 90th percentile gain is about 0.8dB for all channel conditions 
Naturally, a full simulation campaign should be performed by multiple companies to reach a definitive conclusion on gain, and how the requirements would be updated based on the use of 4 antenna ports in measurements. Nevertheless, as the results indicate a potential for improved measurement accuracy, we think that performing this work should be included within the scope of a 4RX work item.
Proposal 1 : Measurement accuracy(36.133 chapter 9) is considered within the scope of  LTE DL 4 Rx antenna ports work item. Interested companies are invited to evaluate the feasibility of improved accuracy for 4RX UEs.
We provide a text proposal for approval in the technical report on LTE DL 4 Rx antenna ports to capture this proposal if agreeable. We note that similar work was performed during the low cost MTC work item in release 12 when 1RX UEs were introduced to specifications with the outcome being that the measurement period was relaxed to 400ms with the same accuracy requirement. For 4RX our preliminary view is that RAN4 could consider improvements to the accuracy rather than shortening the measurement period below 200ms, although this aspect needs to be discussed once the simulation campaign has been performed. 
2.2  Test cases

As there are no changes proposed to any of the core or chapter 9 performance requirements except

· Updates to RLM to cover 4RX within the scope of an LTE DL 4RX antenna port work item

· Study of the measurement accuracy within the scope of an LTE DL 4RX antenna port work item

It is expected that the majority of RRM test cases are directly applicable to 4RX UEs. The vast majority of RRM tests use 1x2 Low as the antenna configuration and correlation matrix, although this is not explicitly specified in some tests. Clearly, clarifications would be needed in test cases that 4RX UEs should be tested with 1x4 Low antenna configuration and correlation matrix since a 4RX UE needs to be tested to the test equipment in a way that mimics the practical usage of the device.

Based on recommendation from RAN4, in certain static RRM test cases, RAN5 introduced a phase rotator in 36.508 to ensure that when testing is performed with an interfering cell, the interference on each UE antenna port is not correlated. This concept would need to be extended to 4 antenna port testing. To ensure that the interference on all 4 antenna ports is uncorrelated from interference on other antenna ports, the phase rotator on each port could use a different rate of rotation (frequency offset).  Details of the test setup currently used for 2RX testing are shown in figure 1, reproduced from 36.508. It should be emphasised that this does not affect 36.133 annex A, but as RAN4 originally advised RAN5 to introduce the phase rotator, we also believe that RAN4 should make any necessary recommendations on its extension to 4 RX.
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Figure 1: Connection for 2 cells with static propagation and receive diversity with phase rotator (The frequency offset used in phase rotator is 5 Hz)

Some radio link monitoring tests use a 2x2 or 2x2 low antenna port configuration and correlation matrix. As also indicated in the discussion on 4RX core requirements, we expect that the scope of RLM would include a further simulation campaign to specify suitable SNR points in the test case, and clearly a different antenna configuration such as 2x4 would be used for testing UEs with 4 antenna ports. It is expected that a suite of RLM tests would need to be developed and specified for 4RX UEs which would be a replacement for the existing 2RX tests.
Otherwise, as discussed earlier in this contribution we propose that measurement accuracy is considered within the scope of  LTE DL 4 Rx antenna ports work item. Depending on the outcome of measurement accuracy simulations from multiple companies, it could be expected that different accuracy requirements may be applicable for 4RX UEs in 36.133 chapter 9. If so, then the appropriate test requirement needs to be met by 4RX UEs in the test case in section A.9. 36.133 wording in this section is already quite generic, with the text indicating, for example : The RSRP measurement accuracy shall fulfil the requirements in sections 9.1.2.1 and 9.1.2.2.

Since this is simply a reference to chapter 9, the test case is automatically aligned to the requirements in chapter 9, provided that no new sections are introduced in chapter 9 for 4RX accuracy requirements but rather, the existing sections are extended. Nevertheless, if the requirement is changed then care would be needed to ensure that any 4RX UE was tested against the 4RX accuracy requirement rather than the 2 RX accuracy requirement.

Summarizing the scope of updates to the RRM tests in annex A, the majority of the work appears to be of a rather minor nature, such as ensuring that where a 2RX test uses 1x2 antenna configuration, the corresponding test for a 4RX UE uses 1x4. In addition we have identified the following tasks which would be within the scope of a 4RX work item
Proposal 2 : The scope of test case changes in 36.133 annex A for 4RX  is:

· Editorial updates to tests such as ensuring that where a 2RX test uses 1x2 antenna configuration, the corresponding test for a 4RX UE uses 1x4
· Recommend to RAN5 the further details to extend the phase rotator concept for static tests to 4 RX

· Simulate and specify RLM tests for 4RX UEs with appropriate SNR thresholds and antenna configuration (eg 1x4, 2x4)

· Verify that any changes to accuracy requirements in 36.133 chapter 9 are correctly referenced from the annex A tests
3 Conclusions

In this paper we have analysed the requirements for 4RX antenna ports. The analysis is divided into two sections. Firstly, we investigate accuracy for 4RX. We believe that the scope of LTE DL 4RX antenna ports performance work should include
Proposal 1 : Measurement accuracy(36.133 chapter 9) is considered within the scope of  LTE DL 4 Rx antenna ports work item. Interested companies are invited to evaluate the feasibility of improved accuracy for 4RX UEs.
Proposal 2 : The scope of test case changes in 36.133 annex A for 4RX  is:

· Editorial updates to tests such as ensuring that where a 2RX test uses 1x2 antenna configuration, the corresponding test for a 4RX UE uses 1x4
· Recommend to RAN5 the further details to extend the phase rotator concept for static tests to 4 RX

· Simulate and specify RLM tests for 4RX UEs with appropriate SNR thresholds and antenna configuration (eg 1x4, 2x4)

· Verify that any changes to accuracy requirements in 36.133 chapter 9 are correctly referenced from the annex A tests
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