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1 Introduction

With the RRM core requirements for small cell enhancement (SCE) being finalized, it is time to start working on the test cases for the SCE feature. In the following, we discuss the possibilityof reducing the number of SCE RRM requirements cases.
2 Discussion

2.1 New RRM Requirements for SCE
In Table 1, it lists the new RRM requirements added in to TS 36.133 for SCE [1, 2], as well as proposed test cases [3]. 

Table 1: RRM Requirements for SCE

	Sections
	Requirements
	Proposed Test Cases [3]

	8.6
	Discovery signal measurements
	

	8.6.1
	Introduction
	

	8.6.2
	Requirements for CRS based discovery signal measurements
	

	8.6.2.1
	E-UTRAN intra frequency measurements
	

	8.6.2.1.1
	E-UTRAN FDD intra frequency measurements
	2 (DRX/no DRX)

	8.6.2.1.2
	E-UTRAN TDD intra frequency measurements
	2 (DRX/no DRX)

	8.6.2.2
	E-UTRAN inter frequency measurements
	

	8.6.2.2.1
	E-UTRAN FDD – FDD inter-frequency measurements
	2 (DRX/no DRX)

	8.6.2.2.2
	E-UTRAN TDD – TDD inter frequency measurements
	2 (DRX/no DRX)

	8.6.2.2.3
	E-UTRAN TDD – FDD inter frequency measurements
	

	8.6.2.2.4
	E-UTRAN FDD – TDD inter frequency measurements
	

	8.6.3
	Requirements for CSI-RS based discovery signal measurements
	

	8.6.3.1
	E-UTRAN intra frequency measurements
	

	8.6.3.1.1
	E-UTRAN FDD intra frequency measurements
	2 (DRX/no DRX)

	8.6.3.1.2
	E-UTRAN TDD intra frequency measurements
	2 (DRX/no DRX)

	8.6.3.2
	E-UTRAN inter frequency measurements
	

	8.6.3.2.1
	E-UTRAN FDD – FDD inter frequency measurements
	2 (DRX/no DRX)

	8.6.3.2.2
	E-UTRAN TDD – TDD inter frequency measurements
	2 (DRX/no DRX)

	8.6.3.2.3
	E-UTRAN TDD – FDD inter frequency measurements
	

	8.6.3.2.4
	E-UTRAN FDD – TDD inter frequency measurements
	

	8.7
	Discovery signal measurements for E-UTRA carrier aggregation
	

	8.7.1
	Introduction
	

	8.7.2
	Requirements for CRS based discovery signal measurements for E-UTRA carrier aggregation
	

	8.7.2.1
	Measurements of the primary component carrier
	

	8.7.2.2
	Measurements of a secondary component carrier
	

	8.7.2.3
	Measurements of a secondary component carrier with active SCell
	

	8.7.2.4
	Measurements of a secondary component carrier with deactivated SCell
	

	8.7.2.4.1
	E-UTRAN secondary component carrier measurements when no common DRX is used
	2 (DRX/no DRX)

	8.7.2.4.2
	E-UTRAN secondary component carrier measurements when common DRX is used
	2 (DRX/no DRX)

	8.7.3
	Requirements for CSI-RS based discovery signal measurements for E-UTRA carrier aggregation
	

	8.7.3.1
	Measurements of the primary component carrier
	

	8.7.3.2
	Measurements of a secondary component carrier
	

	8.7.3.3
	Measurements of a secondary component carrier with active SCell
	

	8.7.3.4
	Measurements of a secondary component carrier with deactivated SCell
	

	8.7.3.4.1
	E-UTRAN secondary component carrier measurements when no common DRX is used
	2 (DRX/no DRX)

	8.7.3.4.2
	E-UTRAN secondary component carrier measurements when common DRX is used
	2 (DRX/no DRX)

	
	
	

	9.1.14
	Accuracy requirements for Discovery Signal Measurements
	

	9.1.14.1
	Introduction
	

	9.1.14.2
	RSRP measurements in discovery signal occasions
	

	9.1.14.3
	CSI-RSRP measurements in discovery signal occasions
	

	9.1.14.3.1
	Intra-frequency CSI-RSRP measurements
	

	9.1.14.3.1.1
	Absolute CSI-RSRP measurement requirements
	2 (FDD/TDD)

	9.1.14.3.1.2
	Relative CSI-RSRP measurement requirements
	2 (FDD/TDD)

	9.1.14.3.2
	Inter-frequency CSI-RSRP measurements
	

	9.1.14.3.2.1
	Absolute CSI-RSRP measurement requirements
	2 (FDD/TDD)

	9.1.14.3.2.2
	Relative CSI-RSRP measurement requirements
	2 (FDD/TDD)

	9.1.14.3.3
	CSI-RSRP measurement report mapping
	

	9.1.14.4
	RSRQ measurements in discovery signal occasions
	4 (Intra-/Inter-frequency, FDD/TDD)


2.2 Number of RRM Test Cases for SCE
As seen from Table 1, if we follow the current practice of TS 36.133 and define a test case for each specific requirement in order to cover all of the new SCE RRM requirements, a large number of new test cases as much as 36 would at least need to be added in to TS 36.133. 
In order to minimize the effort in the standard development, and, maybe more importantly, the time and cost in UE performance testing, it is desirable to reduce the number of the test cases. However, we also must be very careful when we try to reduce the number of the test cases. Necessary test cases must be introduced to avoid the consequence that some of the requirements are not missted, which in turn, may result in adverse performance impact in the field.
As shown in Table, the reasons for a large number of test cases are proposed are due to that test cases:
1)  Needed for both FDD and TDD requirements;

2) Needed for both intra-frequency and inter-frequency requirements;

3) Needed for both DRX and no DRX requirements;

4) Needed for both CRS based and CSI-RS based requirements;

5) Needed for both legacy and CA UEs;

6) Needed for both RSRP and RSRQ measurements.

For the above list of the reasons, it is obviously that items 1, 2, 5 and 6 should be followed. In the following, we discuss the possibility of reducing the number of test cases for items 3 and 4.
2.2.1 Test cases of DRX and no DRX
In the following, we first take a look at the measurement requirements for DRX and no DRX, and discuss the possibility of reducing the test cases.

Intra-frequency measurements with DRX and no DRX
For no DRX, it is required that the UE identifies a new detectable FDD intra frequency cell within Tidentify_intra_SCE,

Tidentify_intra_SCE = 12* TDMTC_periodicity + TMeasurement_Period _intra_FDD_CRS
where 

TMeasurement_Period intra_FDD_CRS[ms] = [5] * TDMTC_periodicity (BW<5MHx) , or

 [3] * TDMTC_periodicity (BW>=5MHx)
For  DRX, the UE shall be able to identify a new detectable FDD intra frequency cell within Tidentify_intra_SCE_DRX,

Tidentify_intra_SCE_DRX = 16* Max { TDMTC_periodicity, DRX cycle length}+ TMeasurement_Period _intra_FDD_CRS_DRX
Where 

TMeasurement_Period _intra_FDD_CRS_DRX [ms] = [5] * Max{ TDMTC_periodicity, DRX cycle length } (BW<5MHx), or
 [3] *  Max{ TDMTC_periodicity, DRX cycle length } (BW>=5MHx)
The above requirements show that the number of available DMTC cycles (or quivalently DRS occasions) available for no DRX case is 12, which is 4 fewer than that for DRX case. If we assume DRS occasions fully overlaps with DRX ON periods, the number of vailable DMTC cycles for DRX case will be more than no DRX case, regardless whether  TDMTC_periodicity  is, or is not longer than DRX cycle length. 
From previos simulation results, the UE would in general need almost the same number of DRS occasions to identify the desired cell with different DMTC periodicity or DRX cycle length under a specified reference condition, therefore the requirements for DRX case is in general more relaxed than no DRX case.
Inter-frequency measurements with DRX and no DRX
When measurement gaps are scheduled, or the UE supports capability of conducting such measurements without gaps, the UE shall be able to identify a new FDD inter-frequency within TIdentify_Inter_SCE according to the following expression:

TIdentify_Inter_SCE =13 * Max {TDMTC_periodicity, MGRP}*Nfreq + TMeasurement_Period_inter_FDD_CRS 
Where 

TMeasurement_Period_inter_FDD_CRS =  [5] *  Max{ TDMTC_periodicity, MGRP}*Nfreq (BW<5MHx),,or 

[3] *  Max{ TDMTC_periodicity, MGRP}*Nfreq (BW>=5MHx),
When DRX is in use, either measurement gaps are scheduled or the UE supports capability of conducting such measurements without gaps, the UE shall be able to identify a new detectable E-UTRAN FDD inter frequency cell within Tidentify_inter_SCE_DRX. 

Tidentify_inter_SCE DRX = 17 * Max { TDMTC_periodicity, DRX cycle length, MGRP} *Nfreq +TMeasurement_Period_inter_FDD_CRS_DRX 

Where 


TMeasurement_Period_inter_FDD_CRS_DRX =  [5] *  Max{ TDMTC_periodicity, DRX cycle length,MGRP}*Nfreq (BW<5MHx),,or
[3] *  Max{ TDMTC_periodicity, DRX cycle length,MGRP}*Nfreq (BW>=5MHx)
Again, we can observe that the number of DMTC available for no DRX (13) is smaller than DRX case (17).
Observation 1: Measurement requirements for DRX case is in generl more relaxed in relative to no DRX case.
2.2.2 Test cases of CRS based and CSI-RS based
In the following, we take a look at the CRS based measurement requirements and CSI-RS based measurement requirements, and see if there is possible to reduce the test cases.

For the CRS based measurements for cell identification, it is defined that [1]

Identification of a cell shall include detection of the cell and additionally performing a single measurement with measurement period of TMeasurement_Period intra_FDD_CRS when no DRX is used or TMeasurement_Period intra_FDD_ CRS_DRX when DRX is used. 

Taking the case of intra-frequency no DRX as an example, it has
 Tidentify_intra_SCE = 12* TDMTC_periodicity + TMeasurement_Period _intra_FDD_CRS
For the CRS based measurements for TP identification, it is defined that [1]

Identification of a TP shall include identification of the cell and additionally performing a single measurement with measurement period of TMeasurement_Period_intra_FDD_CSI-RS when no DRX is used, or TMeasurement_Period_intra_FDD_CSI-RS_DRX when no DRX is used.
Taking the case of intra-frequency no DRX as an example, it has
Tidentify_intra_TP_SCE = Tidentify_intra_SCE + TMeasurement_Period _intra_FDD_CSI-RS
From above requirements, it is clear that the CSI-RS based TP identification has a precondition that the UE has to first perform CRS based cell identification. The requirements for CSI-RS based TP identification time also includes the CRS based cell identification time.
Similar discussion should apply to intra-frequency and inter-frequency measurement  requirements with DRX or with no DRX.
Therefore, a reasonable way to reduce the test cases is to define the CSI-RS based TP identification properly, including the CRS based cell identification. With this approach, it can be certain that a UE meets the CSI-RS based TP identification requirements by passing the CSI-RS based TP identification test case will also be able to meet CRS based cell identification requirements, without the need to have the CRS based cell identification test case.
Observation 2: CSI-RS based TP identification requirements includs the CRS based cell identification. By properly design the test cases for CSI-RS based TP identification, it can be certain that a UE meets the CSI-RS based TP identification requirements by passing the CSI-RS based TP identification test case should also be able to meet CRS based cell identification requirements.

Therefore, it is proposed here that  

Proposal 1: Define CSI-RS based TP identification test cases to verify the UE’s performance in both CRS based cell identification and CSI-RS based TP identification. No need to define the test cases separately for verifying the UE’s performance in CRS based cell identification.

If the proposal is acceptable, we could reduce the 12 proposed test cases for cell identification.

From the test point of view, there can be different options for above proposal: 
Option 1: Define the test cases for CSI-RS based TP identification only to check whether the UE completes the TP identification within the time defined in TP identification requirements without checking whether the UE also completes the cell identification within the time of CRS cell identification requirements. Take intra-frequency no DRX as an example, the intra-frequency CSI-RS based TP identification test cases may only verify if the UE completes the CSI-RS TP identification within Tidentify_intra_TP_SCE without verifying if the UE also completes the cell identification within Tidentify_intra_SCE.
Option 2: Define the test cases for CSI-RS based TP identification check both whether the UE completes the TP identification within the time defined in TP identification requirements AND whether the UE completes the cell identification within the time of CRS cell identification requirements. Take intra-frequency no DRX as an example, the intra-frequency CSI-RS based TP identification test cases can verify both if the UE completes the CSI-RS TP identification within Tidentify_intra_TP_SCE and if the UE also completes the cell identification within Tidentify_intra_SCE.

3 Summary 

In this paper, we discuss the possibility of reducing the SCE RRM requirements cases. It is proposed that  
Proposal 1: Define CSI-RS based TP identification test cases to verify the UE’s performance in both CRS based cell identification and CSI-RS based TP identification. No need to define the test cases separately for verifying the UE’s performance in CRS based cell identification.

If the proposal is acceptable, we could reduce the 12 proposed test cases for cell identification.

Two options are also suggested for the design of the CSI-RS based TP identification cases:

Option 1: The test cases for CSI-RS based TP identification is defined to only check whether the UE completes the TP identification within the time defined in TP identification requirements without specifically checking whether the UE also completes the cell identification within the time of CRS cell identification requirements. Take intra-frequency no DRX as an example, the intra-frequency CSI-RS based TP identification test cases only verify if the UE completes the CSI-RS TP identification within Tidentify_intra_TP_SCE  = Tidentify_intra_SCE + TMeasurement_Period _intra_FDD_CSI-RS without verifying if the UE completes the cell identification within Tidentify_intra_SCE.
Option 2: The test cases for CSI-RS based TP identification is defined to check both whether the UE completes the TP identification within the time defined in TP identification requirements and whether the UE completes the cell identification within the time of CRS cell identification requirements. Take intra-frequency no DRX as an example, the intra-frequency CSI-RS based TP identification test cases will verify both if the UE completes the CSI-RS TP identification within Tidentify_intra_TP_SCE and if the UE also completes the cell identification within Tidentify_intra_SCE.
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