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1. Introduction
In TS36.133 [1], there are test cases which are defined to monitor NPUSCH signals from UE in Timing Accuracy, Timing Advance and Radio Link Monitoring test cases. However there is no table to define NPUSCH RMC for CatNB1 in the current specification.
In this paper we consider PUSCH transmission for CatNB1 RRM test. 


2. Discussion :  Required implementation for NPUSCH transmission
Test Purpose/Requirement are defined in TS 36.133 as follows.
A.7.2.9.1
Test Purpose and Environment

The purpose of the test is to verify E-UTRAN Timing Advance adjustment accuracy requirements for UE category NB1 in enhanced coverage, defined in clause 7.22.2.2, in an AWGN model.

The test parameters are given in tables A.7.2.9.1-1 and A.7.2.9.1-2. The test consists of two successive time periods, with time duration of T1 and T2 respectively. In each time period, timing advance commands are sent to the UE and the UE is scheduled in every uplink subframe to transmit NPUSCH, which is received by the test equipment. By measuring the reception of the NPUSCH, the transmit timing, and hence the timing advance adjustment accuracy, can be measured.
Observation 1: In the Timing Advance test case, the UE is scheduled to send NPUSCH at its available timing and that timing is measured.
A.7.3.62.1
Test Purpose and Environment
The purpose of this test is to verify that the HD-FDD category NB1 UE configured in enhanced coverage properly detects the out of sync and in sync for the purpose of monitoring downlink radio link quality of the NB-IoT Cell when DRX is used. This test will partly verify the HD-FDD radio link monitoring requirements in clause 7.23.

The test parameters are given in Tables A.7.3.62.1-1, A.7.3.62.1-2, A.7.3.62.1-3, A.7.3.62.1-4 and A.7.3.62.1-5. nCell 1 is the active cell in the test. The test consists of three successive time periods, with time duration of T1, T2 and T3 respectively, excluding the transition time duration dT, where the SNR increases or decreases gradually in small steps.  Figure A.7.3.62.1-1 shows the variation of the downlink SNR in the active cell to emulate out-of-sync and in-sync states.

Prior to the start of the time duration T1, the UE shall be fully be synchronized to nCell 1. The UE is scheduled in every uplink subframe to transmit NPUSCH, which is received by the test equipment. By measuring the reception of the NPUSCH, detection of out of sync and in sync requirements can be measured. In the test, DRX configuration is enabled and DRX inactivity timer has already been expired, i.e. UE tries to decode NPDCCH and to send NPUSCH during the period when On-duration timer is running. Time alignment timers shall be set to “infinity” so that UL timing alignment is maintained during the test.
Observation 2: In the RLM test case, the UE is scheduled to send NPUSCH at its available timing and Out of sync/RLF are measured. 
Proposal 1 : From two observations above, CatNB1 specification should have a definition of NPUSCH RMC.


3. Conclusion
We studied about PUSCH transmission for CatNB1 RRM test.
Observation 1: In the Timing Advance test case, the UE is scheduled to send NPUSCH at its available timing and that timing is measured.
Observation 2: In the RLM test case, the UE is scheduled to send NPUSCH at its available timing and Out of sync/RLF are measured.
Proposal 1 : From two observations above, CatNB1 specification should have a definition of NPUSCH RMC.
When we define RMC table for CatNB1, we assume that we can define a table to transmit NPUSCH at its available timing (SF) without caring Payload size or timing. As an example, we propose to define a following table for CatNB1.
Table A.3.x.x.x-x: NPUSCH Reference Channel for UE category NB1 for in-band operation
	Parameter
	Unit
	Value

	NPUSCH Reference channel
	
	R.xx HD-FDD

	LTE Carrier bandwidth
	MHz
	10

	Allocated resource blocks
	PRB
	1

	Number of transmitter antennas
	
	1

	Allocated subframes per Radio Frame
	subframes
	Note1

	Modulation
	
	FFS

	Target coding rate
	
	

	Information Bit Payload
	
	

	  For Sub-Frame 0~9
	Bits
	FFS

	Number of Code Blocks per Sub-Frame
	
	

	  Sub-Frames 0 ~ 9
	
	1 Note2

	Maximum number of repetitions
	
	Note3

	Note 1:
Subframe which is able to schedule NPUSCH.
Note 2:
Apply only to subframes where NPUSCH is allocated. 
Note 3:
Follows requirements in each TC.
Note 4:
Subframes to allocate NPUSCH shall be scheduled at their available timing based on parameters of each TC.
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