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1 Introduction

The test cases for UE Cat-M1 in TS36.521-1 are currently missing test configuration tables. This paper suggests basic test config tables for Tx and Rx test cases only. Se also RAN5 RF AP#71.22from RAN5#71 in Nanjing.
The suggestion is to agree a basline table for Tx test cases in clause 6 and one for Rx test cases in clause 7. These tables can be used to align the configuration tables for other Tx&Rx test cases.
The suggested tables suggested in clause 2 are based on the corresponding tables from two “legacy” Tx and Rx test cases for UE category 0, I.e.”6.2.3E Maximum Power Reduction (MPR)” and “7.3E Reference sensitivity level” (copied from 36.521-1below).
Table 6.2.3E.4.1-1: Test Configuration Table MPR Cat 0
	Initial Conditions

	Test Environment as specified in

TS 36.508[7] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in
TS 36.508 [7] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in
TS 36.508 [7] subclause 4.3.1
	Lowest, 5MHz, 10MHz, Highest

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	N/A for Maximum Power Reduction (MPR) test case
	Mod'n
	RB allocation

	
	
	
	FDD and HD-FDD
	TDD

	1.4MHz
	
	QPSK
	5
	5

	1.4MHz
	
	QPSK
	6
	6

	1.4MHz
	
	16QAM
	5
	5

	3.0MHz
	
	QPSK
	4
	4

	3.0MHz
	
	QPSK
	15
	15

	3.0MHz
	
	16QAM
	4
	4

	3.0MHz
	
	16QAM
	5
	5

	5MHz
	
	QPSK
	8
	8

	5MHz
	
	QPSK
	25
	25

	5MHz
	
	16QAM
	5
	5

	10MHz
	
	QPSK
	12
	12

	10MHz
	
	QPSK
	36
	36

	10MHz
	
	16QAM
	5
	5

	15MHz
	
	QPSK
	16
	16

	15MHz
	
	QPSK
	36
	36

	15MHz
	
	16QAM
	5
	5

	20MHz
	
	QPSK
	18
	18

	20MHz
	
	QPSK
	36
	36

	20MHz
	
	16QAM
	5
	5

	Note 1:
Test Channel Bandwidths are checked separately for each E-UTRA band, the applicable channel bandwidths are specified in Table 5.4.2.1-1.
Note 2:
The RBstart of partial RB allocation shall be RB#0 and RB# (max + 1 - RB allocation) of the channel bandwidth.


Table 7.3E.4.1-1: Test Configuration Table (RefSens)
	Initial Conditions

	Test Environment as specified in

TS 36.508[7] subclause 4.1
	NC, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in

TS36.508 [7] subclause 4.3.1
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 36.508 [7] subclause 4.3.1
	Lowest, 5MHz, Highest

	Test Parameters for Channel Bandwidths

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	Mod'n
	RB allocation
	Mod'n
	RB allocation

	
	
	FDD
	TDD
	
	FDD and HD-FDD
	TDD

	1.4MHz
	QPSK
	6
	6
	QPSK
	6
	6

	3MHz
	QPSK
	14
	14
	QPSK
	15
	15

	5MHz
	QPSK
	14
	14
	QPSK
	25
	25

	5MHz
	QPSK
	14
	N/A
	QPSK
	20
	N/A

	10MHz
	QPSK
	14
	14
	QPSK
	[36]
	[36]

	10MHz
	QPSK
	14
	N/A
	QPSK
	25
	N/A

	10MHz
	QPSK
	14
	N/A
	QPSK
	20
	N/A

	15MHz
	QPSK
	14
	14
	QPSK
	[36]
	[36]

	15MHz
	QPSK
	14
	N/A
	QPSK
	20
	N/A

	20MHz
	QPSK
	14
	14
	QPSK
	[36]
	[36]

	20MHz
	QPSK
	14
	N/A
	QPSK
	20
	N/A

	Note 1:
Test Channel Bandwidths are checked separately for each E-UTRA band, which applicable channel bandwidths are specified in Table 5.4.2.1-1.

Note 2.
Depending on E-UTRA band, only the appropriate Uplink RB allocation value according to table 7.3E.3-3 is tested per Test Channel Bandwidth. The allocation shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.4.2-1).

Note 3:
For the DL signal one sided dynamic OCNG Pattern OP.1 FDD/TDD is used.

Note 4:
Downlink RB position shall be RBstart = 0


2 Discussion
One of the main differences between Cat-M1 and “legacy” LTE is that it is only supporting 1.4 MHz channel (6PRBs) that can be placed within the (larger) Channel Bandwith of the cell. The 1.4 MHz is called a narrowband and the definition and location of the narrowbands are defined in TS36.211 cl. 5.2.4 and is only depending on the system bandwidth. The definition is “A narrowband is defined as six non-overlapping consecutive physical resource blocks in the frequency domain.”

Two criterias used for the mapping to PRBs:

•
For BWs of uneven number of PRBs, the DC carrier PRB is not contained in any narrowband. 

•
Any other PRBs not mapped to narrowbands are located on the band edges.

The figure below illustrates the possible locations of narrowbands for Channel Bandwidths 10 MHz and 5 MHz.
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Figure 2.1-1 Locations of narrowbands within 10 MHz and 5 MHz system bandwidths.

In addition to legacy configuration tables the position of the narrowband within the Channel Bandwith needs to be defined.
2.1 Template for test configuration table for Tx test cases

Basic assumption/input: Keep some of the the test points as in legacy, both full allocation of 6 PRBs and partial allocations are captured (note that the tables is to be used as a template, testpoints might be added or deleted depending on special test cases). 
We suggest to introduce a column for indicating where the narrowband is placed in the channel BW (similar to RBstart for legacy), this can also be done in a note but that’s does not provide the same overview. The column is named “narrowband index” to be aligned with TS36.211. To capture partial allocation of PRBs within the narrowband we suggest to keep using RBstart but changed the note so it fits the narrowband. 
Since it’s possible to place the narrowband in different well defined positions within the channel Bandwidth (Figure 2.1-1) we need different narrowband allocation depending on where in the operating band we place the channel BW (low-, high-, or mid-range) hence we splitted the test points into two parts “Low range” and “high range” and adjust the “narrowband index” so that we place the narrowband as close to the band edge as possible. I.e. “Narrowband index” = 0 (minimum) for “low range” and “Narrowband index” = maximum for “high range”. Table 2.1-1 below shows the number of narrowbands per channel bandwith and is introduced to serve as an explanation to the different “Narrowband index” maximum values defined.
For testing in “mid range” we suggest to use “Narrowband index” = 0 in order to reduce the complexity of the test configuration table.

This leads to the suggested Tx test config table for Cat-M1 test cases below, this can be seen as a sterting point and could be developed over time.
It is noted that the Narrowband index is mainly of importance in out-of-band measurement test cases. For pure in-band power measurement test cases like Power control, the Narrowband index column can be omitted which simplify the table making test points common for Low/Mid/High range test frequency. (see R5-164012, UE Maximum Power test case).
If individual requirements are independent on Channel Bandwith, and where it is judged that the Channel Bandwidth has no impact on the UE behavior, we suggest to only use 5MHz (and hence remove “lowest”, “10MHz” and “highest” from the table below). The reason for chosing 5MHz is that all operating bands defined for Cat M1 supprts 5MHz. One other reason is that the allowed positions of the narrowband for 5MHz (figure 2.1-1 above) it covers the PRB on the band edges.
Proposal 1: Tx configuration table, main differences from legacy table highlighted in yellow. Narrowband index column may be removed for testcases where the index is not critical.
Table 6.x.x-1: Test Configuration Table Tx test cases UE Cat-M1 
	Initial Conditions

	Test Environment as specified in

TS 36.508[7] subclause 4.1
	Normal, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in
TS 36.508 [7] subclause [4.3.1]
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in
TS 36.508 [7] subclause [4.3.1]
	Lowest, 5MHz, 10MHz, Highest 
[might change depending on TC] 

	Test Parameters for Channel Bandwidths and Narrowband positions

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	N/A for Maximum Power Reduction (MPR) test case
	Mod'n
	RB allocation

	
	
	
	FDD and HD-FDD
	TDD
	Narrowband index1

	Low range

	1.4MHz
	
	QPSK
	6
	6
	0

	1.4MHz
	
	16QAM
	5
	5
	0

	3.0MHz
	
	QPSK
	4
	4
	0

	3.0MHz
	
	16QAM
	5
	5
	0

	5MHz
	
	QPSK
	5
	5
	0

	5MHz
	
	16QAM
	5
	5
	0

	10MHz
	
	QPSK
	6
	6
	0

	10MHz
	
	16QAM
	5
	5
	0

	15MHz
	
	QPSK
	6
	6
	0

	15MHz
	
	16QAM
	5
	5
	0

	20MHz
	
	QPSK
	6
	6
	0

	20MHz
	
	16QAM
	5
	5
	0

	High range

	3.0MHz
	
	QPSK
	4
	4
	1

	3.0MHz
	
	16QAM
	5
	5
	1

	5MHz
	
	QPSK
	5
	5
	3

	5MHz
	
	16QAM
	5
	5
	3

	10MHz
	
	QPSK
	6
	6
	7

	10MHz
	
	16QAM
	5
	5
	7

	15MHz
	
	QPSK
	6
	6
	11

	15MHz
	
	16QAM
	5
	5
	11

	20MHz
	
	QPSK
	6
	6
	15

	20MHz
	
	16QAM
	5
	5
	15

	Note 1:
Denotes where in the channel Bandwith the narrowband shall be placed. Narrowband and Narrowband index are defined in TS36.211, 5.2.4

Note 2:
Test Channel Bandwidths are checked separately for each E-UTRA band, the applicable channel bandwidths are specified in Table 5.4.2.1-1.
Note 3:
The RBstart of partial RB allocation shall be RB#0 and RB# (6 - RB allocation) of the narrowband.

Note 4:
Mid range test point shall use Narrowband index = 0.


Table 2.1-1: Number of narrowbands per channel BW 
	Ch BW [MHz]
	No of narrowbands

	1.4
	1

	3
	2

	5
	4

	10
	8

	15
	12

	20
	16


Proposal 2: For the requirements that are independent from Channel Bandwidth and where it is judged that the Channel Bandwidth has no impact on the UE behaviour, use 5 MHz Channel Bandwidth as default.

2.2 Template for test configuration table for Rx test cases
With similar reasoning for Rx we come to the suggested table for Rx test cases below.
Proposal 3: Rx configuration table, main differences from legacy table highlighted in yellow.

Table 7.x.x-1: Test Configuration Table Rx test cases UE Cat-M1 
	Initial Conditions

	Test Environment as specified in

TS 36.508[7] subclause 4.1
	NC, TL/VL, TL/VH, TH/VL, TH/VH

	Test Frequencies as specified in

TS36.508 [7] subclause [4.3.1]
	Low range, Mid range, High range

	Test Channel Bandwidths as specified in TS 36.508 [7] subclause [4.3.1]
	Lowest, 5MHz, Highest

	Test Parameters for Channel Bandwidths and Narrowband positions

	
	Downlink Configuration
	Uplink Configuration

	Ch BW
	Mod'n
	RB allocation
	Mod'n
	RB allocation

	
	
	FDD
	TDD
	
	FDD and HD-FDD
	TDD

	1.4MHz
	QPSK
	4
	4
	QPSK
	6
	6

	3MHz
	QPSK
	4
	4
	QPSK
	6
	6

	5MHz
	QPSK
	4
	4
	QPSK
	6
	6

	10MHz
	QPSK
	4
	4
	QPSK
	6
	6

	15MHz
	QPSK
	4
	4
	QPSK
	6
	6

	20MHz
	QPSK
	4
	4
	QPSK
	6
	6

	Note 1:
Test Channel Bandwidths are checked separately for each E-UTRA band, which applicable channel bandwidths are specified in Table 5.4.2.1-1.

Note 2:
For the DL signal one sided dynamic OCNG Pattern OP.1 FDD/TDD is used.

Note 3:
Downlink RB position shall be RBstart = 0 within the narrowband
Note 4:
The Narrowband index (TS36.211, 5.2.4) shall be set to 0 for all testpoints


Note that for the general Rx table no column for Narrowband index have been added (as done for Tx). Instead a Note 4 have been added, stating that the Narrowband index shall be equal to 0 i.e. the lowest possible within the channel BW.

Proposal 4: Add definitions for “Narrowband” and “Narrowband index” as described in TS36.211, cl 5.2.4 and cl 6.2.7 clause 3.1 to TS36.521-1. Also update the current RBSTART Definition so it relates to the “narrowband index”.
Narrowband: A narrowband is defined as six non-overlapping consecutive physical resource blocks in the frequency domain.
Narrowband index: The narrowbands are numbered 
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  in order of increasing physical resource-block number.
3 Proposals and open issues
It is proposed that RAN5 endorse proposals 1 to 4 below.

Proposal 1: Endorse the general test configuration table 6.x.x-1 as a basic for Tx test cases

Proposal 2: Use 5 MHz Cannel Bandwidth as default.

Proposal 3: Endorse the general test configuration table 7.x.x-1 as a basic for Rx test cases

Proposal 4: Endorse to add definitions of Narrowband and Narrowband index and update the RBSTART definition to TS36.521-1 according to clause 2.2
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