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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
OFDM channel noise generator (OCNG) is used in LTE to fill up parts or whole of the downlink system bandwidth for the purpose of emulating allocations to UEs that are not under test. Particularly in RRM testing OCNG is used for providing a certain spectral shape and for providing interference by intra-frequency neighbor cells.
OCNG will be useful also for RRM testing in Narrowband IoT. In order to cater for the in-band NB-IoT scenario however some modification of the concept is needed. Particularly, there are two different OCNGs involved: one for the LTE cell, and one for the Narrowband IoT cell. The reason for this is to maintain flexibility such that different power levels can be used for OCNGs in the LTE cell and Narrowband IoT cell, respectively.
In this contribution we propose an OCNG pattern to be used in RRM testing of in-band NB-IoT cells.
OCNG in LTE and extension for NB-IoT


Existing OCNG patterns for LTE specify in which PRBs with respect to time (subframe) and frequency (PRB number) OCNG shall be used, and further, the relative power level between allocations (). 
The -to-RS ratio to use for different channels and OCNG is specified in each individual test case by parameters as specified in Table 1, where <channel>_RA and <channel>_RB denote the <channel>-to-RS EPRE ratios in OFDM symbols with and without CRS, respectively. The relative power of the PDSCH allocation of the i:th virtual UE, as modelled by OCNG, can be described as  


where subindex i denotes that it is the parameter setting for this particular virtual UE. From this definition it is clear that OCNG_RA and OCNG_RB are common to all allocations in the test case.
[bookmark: _Ref454278664]Table 1: Physical channels and associated parameters for EPRE-to-RS configuration
	Physical Channels and Signals
	Parameters

	
	

	PBCH
	PBCH_RA

	
	PBCH_RB

	PSS
	PSS_RA

	SSS
	SSS_RA

	PCFICH
	PCFICH_RB

	PHICH
	PHICH_RA

	
	PHICH_RB

	PDCCH
	PDCCH_RA

	
	PDCCH_RB

	PDSCH
	PDSCH_RA

	
	PDSCH_RB

	PMCH
	PMCH_RA

	
	PMCH_RB

	OCNG
	OCNG_RA

	
	OCNG_RB



For the RRM testing of a UE operating in an in-band NB-IoT cell it is desirable to be able to separate the EPRE-to-RS for the cases where RS is CRS (LTE cell) and NBRS (NB IoT cell), respectively. In order to do so, we propose to separate between the two cases by providing a new set of parameters for NB-IoT, such that
· OCNG_RA and
· OCNG_RB
represent the parameters applicable for OCNG in those resources in time and frequency used for the LTE cell, and
· NOCNG_RA and
· NOCNG_RB
represent the parameters applicable for Narrowband OCNG (NOCNG) in those resources in time and frequency used for the in-band NB-IoT cell. By introducing this additional set of parameters in in-band NB-IoT test cases different boosting of e.g. NBRS relative to CRS, can be achieved.
Proposal 1: Introduce a separate Narrowband OCNG (NOCNG) with associated parameters NOCNG_RA and NOCNG_RB in order to allow different boosting of NBRS relative to CRS.
OCNG pattern for RRM testing in in-band NB-IoT  
For test cases involving cell detection and mobility measurements, for instance cell re-selection test cases, it is sufficient to consider only an NB-IoT anchor carrier, i.e. a carrier where NPSS, NSSS and essential system information is transmitted. However for other RRM-related testing, such as RLM, it is beneficial to also have non-anchor carriers. 
In frequency domain the NB-IoT anchor carriers are restricted to certain PRB positions in order to fall on the 100kHz channel raster. Non-anchor carriers do not have this restriction. In case of a 10MHz LTE cell, which is the common cell bandwidth used in RRM tests, the PRB indexes 4, 9, 14, 19, 30, 35, 40, and 45 can be used for an anchor cell.
The minimum set of subframes that can be assumed for NB-IoT operation is 0, 4 and 9. On anchor carrier, subframe 4 is fully occupied with NPSS and every second subframe 9 with NSSS. Hence on an anchor carrier virtual UEs cannot be allocated in subframe 4 and every second subframe 9. Similar to how MBSFN is handled in LTE RRM testing, we propose that only subframes 0, 4 and 9 are assumed in RRM test cases for NB-IoT.
Proposal 2: For RRM testing in NB-IoT, the minimum number of valid subframes (0, 4, 9) shall be assumed.  
In the following section we propose an OCNG pattern for RRM testing of in-band IoT in a 10MHz cell, with an NB-IoT anchor cell on nPRB index 30, and non-anchor NB-IoT cells on nPRB indexes 31-34, and with valid NB-IoT subframes 0, 4 and 9.
A.3.2.3 OCNG Patterns for Narrowband IoT
The following OCNG patterns are used for modelling allocations to LTE UEs in the EUTRAN cell as well as LTE UEs of category NB1 not under test in an in-band Narrowband IoT cell. The OCNG pattern for each subframe specifies the allocations that shall be filled with OCNG, and furthermore, the relative power level of each such allocation.

In each test case the OCNG for the LTE cell is expressed by parameters OCNG_RA and OCNG_RB which together with a relative power level () specifies the PDSCH-to-RS EPRE ratio in OFDM symbols with and without LTE cell-specific reference symbols, respectively. The relative power, which is used for modelling boosting per virtual LTE UE allocation, is expressed by:




where  denotes the relative power level of the i:th virtual LTE UE. Moreover in each test case the Narrowband OCNG (NOCNG) is expressed by parameters NOCNG_RA and NOCNG_RB which together with a relative power level () specifies the <channel>-to-RS EPRE ratio in OFDM symbols with and without Narrowband reference symbols (NB-RS), respectively. The relative power, which is used for modelling boosting per virtual UE category NB1 allocation, is expressed by:



where  denotes the relative power level of the k:th virtual NB-IoT UE, and channel may be either of NPDCCH and NPDSCH.

The parameter settings of OCNG_RA, OCNG_RB, NOCNG_RA, NOCNG_RB and the set of relative power levels are chosen such that when also taking allocations to the UE category NB1 under test into account, as given by a NPDCCH and NPDSCH reference channels, a transmitted power spectral density that is constant on an OFDM symbol basis is targeted.


A.3.2.3.1	Narrowband IoT OCNG FDD pattern 1: In-band NB-IoT in 10 MHz EUTRAN cell
Table A.3.2.3.1-1: NOP.1 FDD: OCNG FDD Pattern 1
	Allocation



	
Relative power level  [dB]
	PDSCH
Data
	NPDCCH and NPDSCH
Data

	
	Subframe
	
	

	
	0
	4
		9
	1-3, 5-8
	
	

	
0 – 29
	0
	0
	0
	0
	Note 1
	N/A

	30 – 34
	0
	0 (Note 3)
	0 (Note 3)
	N/A
	N/A
	Note 2

	30 – 34
	N/A
	N/A
	N/A
	0
	Note 1
	N/A

	35 – 49
	0
	0
	0
	0
	Note 1
	N/A

	

Note 1: 	These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated QPSK modulated pseudo random data. The parameter is used to scale the power of PDSCH. 
If two or more transmit antennas with CRS are used in the test, the PDSCH part of OCNG shall be transmitted to the virtual users by all the transmit antennas with CRS and according to the antenna transmission mode 2. The parameter applies to each antenna port separately, so the transmit power of the PDSCH part of OCNG is equal between all the transmit antennas with CRS used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.



Note 2: 	This physical resource block is assigned to an arbitrary virtual UE for transmission of NPDCCH or NPDSCH; the data transmitted over the NOCNG NPDCCH or NPDSCH shall be uncorrelated QPSK modulated pseudo random data. The parameter is used to scale the power of NPDCCH and NPDSCH.
If two transmit antennas with NBRS are used in the test, the NPDCCH and NPDSCH parts of NOCNG shall be transmitted to the virtual users by both transmit antennas with NBRS and according to the antenna transmission mode 2. The parameter applies to each antenna port separately, so the transmit power of the NPDCCH and NPDSCH parts of NOCNG is equal between both the transmit antennas with NBRS used in the test. The antenna transmission modes are specified in clause 7.1 in TS 36.213.


Note 3:	Value of is applicable to PRBs not used for transmission of NPSS or NSSS in anchor cell (= 30).

N/A: 	Not Applicable



Summary
In this contribution we have revisited OCNG in LTE and proposed an extension of the concept to allow different boosting to be used in the LTE and the NB-IoT cells. Particularly we propose to introduce separate parameters for OCNG of LTE and NB-IoT cells.  
Proposal 1: Introduce a separate Narrowband OCNG (NOCNG) with associated parameters NOCNG_RA and NOCNG_RB in order to allow different boosting of NBRS relative to CRS.
Moreover we propose the pattern to be used in RRM testing to be based on the minimum set of valid NB-IoT subframes.
Proposal 2: For RRM testing in NB-IoT, the minimum number of valid subframes (0, 4, 9) shall be assumed.  
Lastly we propose an OCNG pattern for RRM testing of in-band NB-IoT. A text proposal for inclusion in 36.133 is provided in [1].
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