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1. Introduction
At RAN#67 (March-15) a RAN5 WID for Rel-12 Low Cost MTC was approved in [1] RP-150135.

This work item involves developing of new test cases for Category 0 UE, but will also need to consider making legacy test cases applicable for Category 0 UEs.

This paper discusses Low Cost MTC testing aspects and proposes a way forward for legacy test cases.  

2. Discussion

According to [2] TS 36.306 clause 4.1A the following limitations are specified for a Category 0 UE:

· Maximum TB size for Category 0 UE is 1000 bits. 

· Maximum number of supported layers for spatial multiplexing in DL is 1, i.e. MIMO is not supported.
· 64QAM in UL is not supported

· Total layer 2 buffer size is 20000 bytes
· Half-duplex FDD operation type for a half-duplex FDD capable UE: Half-duplex FDD operation type B
Those limitations need to be considered both in new Low Cost MTC test cases as well as in legacy test cases applicable for Category 0 UEs.

Section 2.1 discusses SS scheduling to handle Half-duplex FDD operation and sub-clause 2.2 discuss impact of legacy test cases due to physical layer limitations for Category 0 UE.  
2.1. SS scheduling of half-duplex or full-duplex for Category 0 UE

For a Category 0 UE supporting half-duplex operation the ”Half-duplex FDD operation type B” applies as specified in [2] TS 36.306 Table 4.1A-5. The Half-Duplex FDD operation types are specified in [3] TS 36.211 clause 6.2.5. For Type B half-duplex FDD operation some relaxed guard periods applies.
As the current TTCN implementation of the existing test cases schedules the downlink and uplink transmissions separated in time and is fulfilling the relaxed guard periods introduced for Type B half-duplex FDD operation there is no impact on the TTCN implementation to allow test cases to be used for Category 0 UE.
2.2. Impact of legacy test cases due to physical layer limitations for Category 0 UE
The table below list the identified legacy test cases that may be impacted by Category 0 UE physical layer limitations. For the impacted test cases a way forward is proposed.
	Test case in TS 36.523-1
	Title
	UE Category 0 test case analysis
	Proposed way forward

	7.1.3.3
	MAC PDU header handling (DL)
	TP1 not applicable for Cat 0 UEs (L-indicator 15 bit corresponding to a  TBS > 1000 bits)

TP2 OK

TP3 use TBS size >1000 bits, but could be changed to <1000 bits

TP4 use TBS size >1000 bits and test mixed L-indicators in same MAC PDU. If changed to TBS<1000 bits then test coverage for mixed L indicator in one MAC PDU is lost.

Option 1: Make TP1 only applicable for UE Cat >0 and modify current test procedure for TP2 to TP4 to use TBS <1000 bits

Option 2: Change applicability of existing test case to UE cat >0; and create variant of the test case for UE Cat 0.
	Option 2, i.e.:

1. Change applicability of existing test case to UE cat >0; and

2. Create variant of the test case for UE Cat 0 (7.1.3.3a).

Proposed CRs in [8] and [9].

	7.1.4.3
	Logical channel prioritization handling
	RLC SDUs of size 320 octets are used to achieve verification of the configured bit-rate for the different DRBs. The maximum RLC SDU size for UE cat 0 would be 122 octets (with max TB size of 1000bits and assuming 2 bytes RLC header and 1 byte MAC header per TTI). Using the transmissions as per 7.1.4.3 every 20 ms (sub-test 1 to 3) or 10 ms (sub-test 4( the maximum rate would then give maximum rates of 6.1 kbytes/s and 12.2 kbytes respectively. This together that prioritised bit rates can only be configure 0, 8, 16, 32, …kbytes/s and that 7.1.4.3 use values of 8,16 and 32 kbytes/s makes 7.1.4.3 not suitable for modification to be applicable to Category 0 UEs.

To generate the same scenarios as in sub-test 1 to 3 in 7.1.4.3 the transmission interval for test executions 1 to 3 need to be decreased from 20ms to 10ms, the bucketSizeDuration need to be changed to 50ms and the number of data available in UL before transmission start in the different test executions need to be reduced to achieve the test purpose of each test execution. The prioritized bitrates need to be changed to 8kbytes/s for DRB2 and to 16kbyte/s for DRB3 (keeping 8kbyte/s for DRB1) as 32kbytes/s cannot be achieved by Category 0 UE. The limitation of the 16kbyte/s for DRB3 will not be reached as maximum data rate with 10ms transmission intervals will be 12.2kbytes/s (and shorter transmission intervals will not be possible for HD-FDD Category 0 UE based on the HD-FDD proposed scheduling in section 2.1 above).
	Create variant of the test case for UE Cat 0 (7.1.4.3a) with different test parameters suitable for UE Cat 0.

Proposed CRs in [8] and [10].

	7.1.4.13
	MAC PDU header handling (UL)
	Current test case 7.1.4.13 use MAC PDUs with TB size > 1000 bits to verify test purposes 1 and 2. This makes the test case not possible to execute on a Category 0 UE.

Test purposes 1 and 2 verifies that UE sets the F-field correctly depending if MAC SDU size is less or bigger than 128 bytes. As maximum TB size for Category 0 UE is 1000 bits (=125 bytes) then will F-field always be ‘0’ and test purposes 1 and 2 are not applicable.
	Modify existing test case 7.1.4.13 to skip test purposes 1 and 2.

Proposed CR in [11].

	7.1.4.24
	Correct HARQ process handling / TTI bundling without resource allocation restriction
	TP1 to TP4: TB size > 1000 bits is used in the test procedure

The test case is about TTI bundling without resource allocation restriction and to achieve this TP1 refers to the condition “ UE receives an UL Grant with toggled NDI indicating a resource block assignment correspondent to a physical resource block number 
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 of more than 3 and a modulation and coding scheme index 
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 of no less than 11” and in the test sequence  Nprb=5 and Imcs=19 is used causing TBS > 1000 bits.
The current test case (as introduced by the LTE coverage enhancements WI) have been designed to improve the coverage of 384kbps Medium data rate PUSCH and thus has the target TB size been set to >1536 bits (4x384 bits).

To keep the original purpose the 384 kbps case in 7.1.4.24 it is proposed to create a variant of the test case For Category 0 UE. The condition “
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 of more than 3 and a modulation and coding scheme index 
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 of no less than 11” with TBS <1000 bits can be achieved if Nprb=4 and Imcs=13  is used, which according to  Table 7.1.7.2.1-1 in TS 36.213 gives TBS=904 bits.
	Create a variant of the test case (7.1.4.24a) using a  RLC PDU of size of 888 bits in step 1 and UL grant with Nprb=4 and Imcs=13 (904 bits).

Proposed CRs in [8] and [12].

	7.1.7.1.1
	DL-SCH transport block size selection / DCI format 1 / RA type 0
	UE max TB size capability (1000 bits) need to be added.
	CRs to limit the test procedure to TB size of max 1000 bits were approved in R5-151413, R5-151414, R5-151415, R5-151416 and R5-151417 at RAN#68.

	7.1.7.1.2
	DL-SCH transport block size selection / DCI format 1 / RA type 1
	
	

	7.1.7.1.3
	DL-SCH transport block size selection / DCI format 1A / RA type 2 / Localised VRB
	
	

	7.1.7.1.4
	DL-SCH transport block size selection / DCI format 1A / RA type 2 / Distributed VRB
	
	

	7.1.7.2.1
	UL-SCH transport block size selection / DCI format 0
	
	

	7.2.3.1
	AM RLC / Concatenation and reassembly
	Test steps 7 to 11 use 3 RLC SDUs of size 49 bytes and an UL Grant of 1096 bits is used. To make these test steps applicable for a Category 0 UE there is a need to change the RLC SDU sizes and the UL grant to fit into 1000 bits. This can be done without impact of the intended test purposes.
	Change the test case to use a smaller RLC SDU size to make it applicable for Category 0 UE.

Proposed CR in [13].

	7.2.3.5
	AM RLC / Reassembly / LI value > PDU size
	The test procedure in step 7 expects the UE to transmit 3 RLC SDUs of size 100 bytes each in one AMD PDU in UL.  To make the test case applicable for a Category 0 UE there is a need to change the RLC SDU sizes and the UL grant to fit into 1000 bits.  This can be done without impact of the intended test purpose.


	Change the test case to use a smaller RLC SDU size to make it applicable for Category 0 UE.

Proposed CR in [14].

	7.2.3.9
	AM RLC / Polling for status
	The test case use RLC SDU size of 2560bits (320 bytes) and UL grant of 2600bits. To make the test case applicable to Category 0 UE the RLC SDU size and UL grant need to be decreased to 960 bits (120 bytes) and 1000 bits respectively. Decreasing the RLC SDU size and UL grant will not impact the test steps for verifying the poll behaviour for the cases of  “last data in the buffer was transmitted” (TP1), “ t-PollRetransmit timer expires” (TP2) and  “PDU_WITHOUT_POLL=pollPDU” (TP3). For the verification of the case “BYTE_WITHOUT_POLL=pollByte” (TP4) there will be a need to use 420 RLC SDUs instead of 160 to achieve the test purpose. The impact on test execution time will be an increase with ~5.2 seconds.
	Change the test case to use a smaller RLC SDU size to make it applicable for Category 0 UE.

Proposed CR in [15].

	8.2.4.12
	RRC connection reconfiguration / Handover / Setup and release of MIMO
	UE Cat 0 does not support MIMO 

No impact as applicability statement already excludes UEs supporting UE cat < 2  
	No change needed

	12.2.1
	Data transfer of E-UTRA radio bearer combinations 1, 3, 6 and 9
	Test cases 12.2.1 to 12.2.4 use the generic E-UTRA radio bearer test procedure specified in clause 12.1.1 of ST 36.523-1. The generic test procedure use one 40 bytes PDCP SDU per configured DRB and expects that the UE returns all the PDCP SDUs in one TTI in UL. For some of the RB combinations this require a TB size >1000bits.

By using an alternative PDCP SDU size of 8 bytes for Category 0 UE the required TB size will be less than 1000 bits for all RB combinations.


	Change the generic test procedure in 12.1.1 to use 8 bytes PDCP SDU sizes for Category 0 UE (and keep 40 bytes PDCP SDU sizes for other UE categories).

Proposed CR in [16].

	12.2.2
	Data transfer of E-UTRA radio bearer combinations 2,4,7 and 10
	
	

	12.2.3
	Data transfer of E-UTRA radio bearer combinations 5,8,11 and 12
	
	

	12.2.4
	Data transfer of E-UTRA radio bearer combination 13
	
	

	12.3.1
	Data transfer of E-UTRA radio bearer combinations 1, 3, 6 and 9 / MIMO
	UE Cat 0 does not support MIMO 

No impact as applicability statement already excludes UEs supporting UE cat < 2  
	No change needed

	12.3.2
	Data transfer of E-UTRA radio bearer combinations 2, 4, 7 and 10 / MIMO
	
	

	12.3.3
	Data transfer of E-UTRA radio bearer combinations 5, 6, 8, 11 and 12 / MIMO
	
	

	12.3.4
	Data transfer of E-UTRA radio bearer combination 13 / MIMO
	
	


Proposal#1: It is proposed to update legacy test cases and create variants of test cases as proposed in the table below.

3. Proposal

RAN5 is asked to endorse proposal#1 in section 2 of this document to be used as base for CRs to legacy test caswes to enable testing of Category 0 UE. 

The CRs to implement the proposed changes have been submitted for the RAN5#68 meeting in documents [8] to [16]        
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