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1.
Introduction

At RAN4#73 meeting the core requirement work for UE category 0 (low-complexity UE) was finalized. The objective of this contribution is to discuss the test cases which are needed to verify the agreed core requirements for category 0 UEs in FD-FDD, HD-FDD and TDD. While the list of test cases is provided in a companion paper [1], the objective of this paper is to discuss the test configurations with respect to UE category 0. 
2.
Summary of UE category 0 RRM requirements

The RRM requirements for the low complexity UEs (UE category 0) have been agreed. The next step is to define test cases that verify the relevant parts of the new requirements. In brief, the following new requirements should be verified for UE category 0:
· RLM requirement 

· Measurement delay ( i.e. cell identification)

· Measurement accuracies (e.g. RSRP, RSRQ)

· CGI acquisition (e.g. MIB/SIB, ACK/NACK)
The motivation to define these test cases is that the category 0 UEs will not be able to pass the existing tests since category 0 UEs have different capabilities than legacy LTE UEs.  The category 0 limitations may impact the existing test configurations. Examples of test configuration parameters that may require some modification or adjustment are RMC, OCNG, throughput, and payload. This is discussed more in sections below. 

2.1
Subframe condition for HD-FDD operation of UE category 0
For HD-FDD operation a subframe condition was introduced as follows for RLM core requirement:
“The HD-FDD category 0 UE shall meet all applicable requirements specified in clause 7.10.2.1 under the following conditions
-at least 1 DL subframe per radio frame of PCell is available at the UE during Qin_Cat0  and Qout_Cat0 evaluation periods.”

And following subframe condition was introduced for measurement requirements for category 0 UEs in HD-FDD:

 “The requirements defined in clause 8.5.2.1.1.1 also apply for this section provided the following conditions are met:
· at least downlink subframe # 0 or downlink subframe # 5 per radio frame of an intra-frequency cell to be identified by the UE is available at the UE over Tidentify_intra_UE cat 0;

· at least one downlink subframe per radio frame of measured cell is available at the UE for RSRP and RSRQ measurements  assuming measured cell is identified cell over Tmeasure_intra_UE cat 0.”
In our view, it may be possible to use the existing TDD test methodology to test the requirements of category 0 UEs operating in HD-FDD mode and applying the abovementioned subframe condition to that. The test should verify that either subframe #0 or #5, which is part of the subframe condition for cell identification, is available in a random fashion, i.e. in one radio frame subframe #0 is available and in another radio frame subframe #5 is available. In addition, the HD-FDD tests should also test that the downlink subframe used for RSRP/RSRQ measurement is also randomly available. 
The discussion on HD-FDD subframe pattern for testing the new requirements assuming the abovementioned conditions is provided in a companion paper [2]. 
· Proposal #1:  RAN4 shall agree on a subframe pattern for HD-FDD tests for UE category 0. 
3.
Radio Link Monitoring test 

In our view, follow tests need to be defined for category 0 UEs:
· E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync for UE category 0
· E-UTRAN FDD Radio Link Monitoring Test for In-sync for UE category 0
· E-UTRAN FDD Radio Link Monitoring Test for Out-of-sync in DRX for UE category 0
· E-UTRAN FDD Radio Link Monitoring Test for In-sync in DRX for UE category 0
· E-UTRAN HD-FDD Radio Link Monitoring Test for Out-of-sync for UE category 0
· E-UTRAN HD-FDD Radio Link Monitoring Test for In-sync for UE category 0
· E-UTRAN HD-FDD Radio Link Monitoring Test for Out-of-sync in DRX for UE category 0
· E-UTRAN HD-FDD Radio Link Monitoring Test for In-sync in DRX for UE category 0
· E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync for UE category 0
· E-UTRAN TDD Radio Link Monitoring Test for In-sync for UE category 0
· E-UTRAN TDD Radio Link Monitoring Test for Out-of-sync in DRX for UE category 0
· E-UTRAN TDD Radio Link Monitoring Test for In-sync in DRX for UE category 0
The aim should be to reuse existing RLM tests when possible and to modify the existing test cases where necessary. The RLM tests for HD-FDD will require some modification since the core RLM requirement for HD-FDD includes a subframe condition which is different from FD-FDD as mentioned in earlier section. Our view on link level simulation assumption for RLM which is needed to define the RLM tests is provided in a separate paper and it is [3].
· Proposal #2: RAN4 shall define new RLM tests for UE category 0 based on simulations.   

3
Cell identification test
The cell identification requirements consist of UE acquiring PSS/SSS and performing one measurement on that cell. It was agreed to reuse the existing PSS/SSS acquisition time and to extend the L1 measurement period to 400 ms. Following test cases need to be defined for cell identification:
· E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in asynchronous cells for UE category 0
· E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for UE category 0
· E-UTRAN FDD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells with DRX for UE category 0
· E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in asynchronous cells for UE category 0
· E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for UE category 0
· E-UTRAN HD-FDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells with DRX for UE category 0
· E-UTRAN TDD-TDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells for UE category 0
· E-UTRAN TDD-TDD intra-frequency event triggered reporting under fading propagation conditions in synchronous cells with DRX for UE category 0
The abovementioned test cases can be based on existing rel-8 test cases with some modification, i.e. total delay of 1000 ms instead of 800 ms. 
· Proposal #3: New intra-frequency cell identification test cases for UE category 0 are defined based on existing Rel-8 cell identification test cases.  
4
RSRP/RSRQ accuracy test
The RSRP/RSRQ accuracy requirements for UE category 0 were defined in and agreed at previous RAN4 meeting. The agreements comprise relaxing of RSRP/RSRQ accuracy requirement by 1 dB. Since the measurement procedure is the same as the Rel-8 UE measurement procedure, it should be possible to reuse the existing test cases with the new values for RSRP/RSRQ accuracy for UE category 0. 
· Proposal #4: New RSRP and RSRQ accuracy tests 
for UE category 0 are defined based on existing Rel-8 RSRP and RSRQ accuracy test cases.
5
CGI acquisition test
CGI acquisition requirements were also modified for category 0 UEs with respect to Rel-8 UEs. Therefore following tests need to be defined for FD-FDD, HD-FDD and TDD.
· E-UTRAN FDD - FDD Intra-frequency identification of a new CGI of E-UTRA cell using autonomous gaps for UE category 0
· E-UTRAN FDD - FDD Intra-frequency identification of a new CGI of E-UTRA cell using autonomous gaps with DRX for UE category 0
· E-UTRAN HD - FDD Intra-frequency identification of a new CGI of E-UTRA cell using autonomous gaps for UE category 0
· E-UTRAN HD - FDD Intra-frequency identification of a new CGI of E-UTRA cell using autonomous gaps with DRX for UE category 0
· E-UTRAN TDD - TDD Intra-frequency identification of a new CGI of E-UTRA cell using autonomous gaps for UE category 0
· E-UTRAN TDD - TDD Intra-frequency identification of a new CGI of E-UTRA cell using autonomous gaps with DRX for UE category 0
In our view, the existing test cases could be reused with some modification for the allowed time for CGI acquisition and minimum number of ACK/NACK expected during the CGI acquisition time. 

· Proposal#5: New tests for UE categories 0 are defined to verify the new CGI acquisition requirement based on existing Rel-8 tests. 
6
Handover test

The existing intra-frequency handover tests for FDD and TDD can be reused but with the test configurations applicable to category 0. For example new reference measurement channels for FDD, HD-FDD and TDD tests would be needed as described below.  Similarly in case of HD-FDD new OCNG patterns are needed. For the sake of clarity we suggest new handover tests for also defined for FDD, HD-FDD and TDD UE category 0 b y reusing the existing test parameters except UE category specific test configuration e.g. RMC and ONCG etc.
· E-UTRAN FDD - FDD Intra-frequency handover using autonomous gaps for UE category 0.
· E-UTRAN HD-FDD – HD-FDD Intra-frequency handover using autonomous gaps for UE category 0.
· E-UTRAN TDD - TDD Intra-frequency handover using autonomous gaps for UE category 0.
7
Test configurations

It is expected that the existing test configurations cannot be reused directly for category 0 UE test cases due to that category 0 UEs have several limitations compared to e.g. Rel-8 LTE UEs. Examples of category 0 UE capabilities that may impact the test configurations are reduction of peak rate (maximum TBS = 1000 bis), half-duplex operation and reduction in receive antennas. 
It is expected that RMC and OCNG pattern may need to be revisited. More specifically, it is believed that HD-FDD tests may require different OCNG pattern while it may be possible to reuse the existing OCNG pattern for FD-FDD and TDD. But the RMC is expected to be different for all category 0 UE tests.
It is proposed that companies study what part of existing test configurations could be reused for category 0 UEs and what part need further development. 

· Proposal #7: RAN4 shall agree on test configuration (e.g. OCNG pattern, RMCI) for category 0 UEs in HD-FDD UEs and use it in all test cases. 

Change on test configurations and RMC may result in that the existing handover (HO) tests are affected. The handover tests use the existing test configurations (e.g. RMC, OCNG) and if these are changed this may lead to that the category 0 UEs will not be able to pass the existing handover tests though the core handover requirements the same. This may require new handover tests. 

· Proposal #8: RAN4 shall define new handover tests for category 0 UEs that matches the new category 0 UE test configurations.  

6
Conclusions
We have in this contribution discussed the test cases for category 0 UEs. We have discussed the possibility of reusing the existing tests configurations and presented our view that due to different capability of category 0, some test configuration parameters may by different for HD-FDD and for category 0 UEs in general. In a companion paper [1] we have listed all the necessary test cases. 
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