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1   Background
During RAN4#80 Gothenburg, Sweden meeting, R4-167075 was agreed as the way forward for NB-IoT transmission signal pattern for NPDSCH demodulation performance, under the agreement, several options still exist are shown below:

Possible methods to ensure the NPDCCH performance during the NPDSCH test:

· Option 1: Use different Noc levels for NPDCCH and NPDSCH

· For the details see the next pages

· Option 2: Use larger repetitions for NPDCCH and keep Noc level constant in the whole test

· Option 3: Other options are not precluded

In this contribution, we analyses the pros and cons of those options.

2   Discussion

2.1   Option 1 – Different Noc levels for NPDCCH and NPDSCH
In option1, Firstly DL-GapConfig-NB and DL-Bitmap-NB are not configured to minimize the test time and simplify the test. As per DL-GapConfig-NB definition in core specification TS 36.331, it is optionally configured and only applicable for the repetition number at least 32, to minimize the test time, it is applicable not to configure it; For the DL-Bitmap-NB, it is used to specify the set of NB-IoT downlink suframes for downlink transmission and are optionally bit-map configured, to minimize the test time and simplify the test and simulation, also try to define one set of performance for both anchor and non-anchor carrier, it is also applicable not to configure DL-Bitmap-NB so that all subframes are valid except subframes 5/9/0/4 carrying NPSS/NSSS/NPBCH/SIB1-NB for anchor carrier.
The following transmission pattern is proposed. As per the core specification TS 36.213 sections 16.4.1 and 16.4.2, if we assume NPDCCH with DCI format N1 ending in subframe n1, the scheduling delay field 
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= 3 in DCI format N1, i.e. k01 = 12ms, when Rmax < 128 as per Table 16.4.1-1 in TS 36.213, then 12ms scheduling delay needs to OCNG for a arbitrary number of virtual NB-IoT UEs. After 
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 consecutive NB-IoT DL subframes for corresponding NPDSCH transmission and ending in NB-IoT subframe n2, if we assume k02 = 13 which is the smallest and common to subcarrier spacing 3.75KHz and 15KHz as per Table 16.4.2-1 and Table 16.4.2-2 in TS 36.213, the following 12 subframes need to fill OCNG for a arbitrary number of virtual NB-IoT UEs before the corresponding NPUSCH format 2 transmission including downlink to uplink switching time. According to TS 36.213 section 16.5.2, there is 3 subframes gap between NPUSCH format 2 and following NPDCCH transmission which includes the uplink to downlink switching time. Since the uplink channel in the test for it is noise free, the repetition levels for NPUSCH format 2 is set to 1. The same transmit period is repeated during the test.
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Figure1: Scheduling pattern of NPDCCH, NPDSCH and NPUSCH format 2 for NPDSCH test
In order to save test time, during RAN4#80 meeting, to minimize the test time, we proposed to configure the repetition level for NPDCCH as 1, i.e., n1=1. but some company has concern about the NPDCCH transmit period that overlaps with NPDSCH transmission, so other NPDCCH repetition level other 1, such as [1, 2, 4 or 8] should be used based on the NPDSCH repetition level. The main motivation is that NPDCCH transmit period should cover NPDCCH transmission duration + 12ms scheduling delay + NPDSCH transmission duration to avoid the checking of NPDCCH scheduling during the NPDSCH transmission. From our point of view, there is no clear specification clarification about this behaviour like eMTC did, so we think NB-IoT UE should handle both cases in real life. 
To avoid the impact of NPDCCH error on NPDSCH demodulation performance, we proposed to use as low Noc level as possible on the subframes for NPDCCH transmission, i.e. inject external noise Noc1 which equals to [-93] dBm/15KHz to NPDSCH subframes but not have external noise Noc0 for NPDCCH. We think this method can ensure no any NPDCCH error on NPDSCH demodulation performance during test.
Proposal 1: Propose to set repetition level of NPUSCH format 2 to 1 in the transmission pattern.

Proposal 2: Propose Noc level of -93dBm/15KHz for NPDSCH subframes during the test, and not inject external noise for NPDCCH subframes.
But concern was raised that the SNR estimation in the some implementation cannot cope with the drastic change in the SNR of the input signal, and the transition time needs to be several seconds instead of several mini-seconds. From our point of view, we did not find such problem during the implementation, but if we consider the concern from other company, maybe we can inject external noise Noc to NPDCCH with a different value from NPDCCH [-93]dBm/15KHz. Because NPDCCH and NPDSCH have similar scenario, we can compare the corresponding NPDCCH and NPDSCH target SNR and try to find suitable Noc values for them. For different NPDSCH cases with the selected repetition numbers as shown in Table 2.1-2 which is colour highlighted.
Table 2.1-1: Simulation results for NPDCCH different repetition levels [2]
	Case
	Mode
	Propa
	Rep1
	2
	4
	8
	16
	32
	64
	128
	256
	512
	1024

	1
	In-band
	EPA5
	8.3
	6.1
	3.8
	1.4
	-1.3
	-3.7
	-7.2
	-10.5
	-13.6
	-16.4
	

	2
	In-band
	ETU1
	8.0
	5.7
	3.6
	1.4
	-0.2
	-2.1
	-4.2
	-6.6
	-9.7
	-13.1
	

	3
	Standalone
	EPA5
	13.9
	13.2
	10.4
	7.4
	4.3
	0.4
	-3.6
	-7.9
	-12.4
	-15.9
	

	4
	Standalone
	ETU1
	11.9
	9.3
	7.8
	6.2
	4.5
	3.0
	0.8
	-2.3
	-6.2
	-10.2
	-14.4


Table 2.1-2: Simulation results for NPDSCH with different repetition number [3]
	Case
	Mode
	Propa
	Rep1
	2
	4
	8
	16
	32
	64
	128
	192
	256
	384
	512
	768

	1
	In-band
	EPA5
	1.9
	
	
	
	
	
	
	
	
	
	
	
	

	2
	In-band
	EPA5
	1.9
	-0.6
	-3.0
	-5.2
	-7.3
	-9.2
	-11.4
	-13.8
	-15.0
	-15.8
	-16.9
	-17.6
	-18.6

	3
	In-band
	ETU1
	2.5
	-0.2
	-2.6
	-4.8
	-6.9
	-8.9
	-10.6
	-12.4
	-13.5
	-14.3
	-16.4
	-16.5
	-17.7

	4
	Standalone
	EPA5
	5.9
	3.4
	0.8
	-1.8
	-4.8
	-7.7
	-10.3
	-12.6
	-13.8
	-14.5
	-15.4
	-15.9
	-16.3

	5
	Standalone
	ETU1
	4.4
	1.8
	-0.6
	-2.8
	-4.9
	-6.9
	-9.4
	-12.2
	-13.6
	-14.6
	-15.9
	-16.7
	-18.0


For NPDSCH case 1, the SNR is 1.9dB, the SNR for the corresponding NPDCCH test scenario with repetition 1 of case 1 is about 8.3dB, the gap between them is about 10dB, if we take the -93dBm/15kHz for Noc in NPDSCH subframe, the corresponding Noc for NPDCCH subframes can be -103dBm/15kHz, if we consider 5dB the margin, maybe -108dBm/15kHz Noc level for NPDCCH.

.

For NPDSCH case 2, the target SNR is about -7.3dB with margin considered, the SNR for the corresponding NPDCCH test scenario with repetition 8 of case 1 is about 1.4dB with margin considered, if we use two separate Noc levels in NPDCCH and NPDSCH subframes, it means the noise floor for NPDCCH should be 10dB lower than that for NPDSCH to avoid the impact of NPDCCH error on NPDSCH performance, if we take the -93dBm/15kHz for Noc in NPDSCH subframe, the corresponding Noc for NPDCCH subframes can be -103dBm/15kHz, if we consider at least 5dB margin, then the Noc for NPDCCH subframes can be -108dBm/15kHz.
For NPDSCH case 3, the target SNR is about -14.3dB with margin considered, the SNR for the corresponding NPDCCH test scenario with repetition 8 of case 2 is about 1.4dB with margin considered, if we use two separate Noc levels in NPDCCH and NPDSCH subframes, it means the noise floor for NPDCCH should be 15.7dB lower than that for NPDSCH to avoid the impact of NPDCCH error on NPDSCH performance, if we take the -93dBm/15kHz for Noc in NPDSCH subframe, the corresponding Noc for NPDCCH subframes can be -109dBm/15kHz, if we consider at least 5dB margin, then the Noc for NPDCCH subframes can be -114dBm/15kHz, in that way, the noise floor gap between NPDCCH and NPDSCH subframes will be 20dB.

For NPDSCH case 4, the target SNR is about -7.7dB with margin considered, the SNR for the corresponding NPDCCH test scenario with repetition 8 of case 3 is about 7.4dB with margin considered, if we use two separate Noc levels in NPDCCH and NPDSCH subframes, it means the noise floor for NPDCCH should be 15.1dB lower than that for NPDSCH to avoid the impact of NPDCCH error on NPDSCH performance, if we take the -93dBm/15kHz for Noc in NPDSCH subframe, the corresponding Noc for NPDCCH subframes can be -108dBm/15kHz, if we consider at least 5dB margin, then the Noc for NPDCCH subframes can be -114dBm/15kHz, in that way, the noise floor gap between NPDCCH and NPDSCH subframes will be 20dB.

For NPDSCH case 5, the target SNR is about -14.6dB with margin considered, the SNR for the corresponding NPDCCH test scenario with repetition 8 of case 4 is about 6.2dB with margin considered, if we use two separate Noc levels in NPDCCH and NPDSCH subframes, it means the noise floor for NPDCCH should be 20.8dB lower than that for NPDSCH to avoid the impact of NPDCCH error on NPDSCH performance, if we take the -93dBm/15kHz for Noc in NPDSCH subframe, the corresponding Noc for NPDCCH subframes can be -114dBm/15kHz, if we consider at least 5dB margin, then the Noc for NPDCCH subframes can be -119dBm/15kHz, in that way, the noise floor gap between NPDCCH and NPDSCH subframes will be 25dB.
Based on the above analysis, we have the following proposals:

Proposal 1a: Propose to set the repetition level for NPDCCH as 8.
Proposal 2a: To avoid the impact of NPDCCH error on NPDSCH demodulation performance, we propose to use different Noc levels in subframes for NPDCCH and NPDSCH transmission as below:
· NPDSCH Case 1: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -108dBm/15kHz for NPDCCH;
· NPDSCH Case 2: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -108dBm/15kHz for NPDCCH;

· NPDSCH Case 3: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -114dBm/15kHz for NPDCCH;
· NPDSCH Case 4: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -114dBm/15kHz for NPDCCH;
· NPDSCH Case 5: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -119dBm/15kHz for NPDCCH.
2.2   Option 2 - Use larger repetitions for NPDCCH and keep Noc level constant in the whole test
If we adopt option 2, there will be no drastic change in the SNR from NPDCCH to NPDSCH transmission, it can solve some company’s concern. From test point of view, the specific larger repetition for NPDCCH need to be specified, this larger repetition number should ensure that there is no NPDCCH impact to NPDSCH, how many value it should be? maybe some company suggest that we can use those repetition numbers for NPDCCH test, in such case, there are two disadvantages: it will repeat the NPDCCH test during NPDSCH test and make the separate NPDCCH test meaningless; even RAN4 uses those repetition numbers in NPDCCH test, can we assert there is no NPDCCH impact to NPDSCH test? Surely, we think it is no. so we propose:
Proposal 3: Not use option 2 for NDSCH transmission signal pattern considering it cannot 100% ensure no NPDCCH error impact to NPDSCH test.
3   Proposals
In this contribution, we analyses the pros and cons of xxx, and our conclusions/proposals are:

Proposal 1: Propose to set repetition level of NPUSCH format 2 to 1 in the transmission pattern.

Proposal 2: Propose Noc level of -93dBm/15KHz for NPDSCH subframes during the test, and not inject external noise for NPDCCH subframes.
or
Proposal 1a: In order to save test time we propose to set the repetition level for NPDCCH as 8.
Proposal 2a: To avoid the impact of NPDCCH error on NPDSCH demodulation performance, we propose to use different Noc levels in subframes for NPDCCH and NPDSCH transmission as below:

· NPDSCH Case 1: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -108dBm/15kHz for NPDCCH;
· NPDSCH Case 2: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -108dBm/15kHz for NPDCCH;

· NPDSCH Case 3: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -114dBm/15kHz for NPDCCH;
· NPDSCH Case 4: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -114dBm/15kHz for NPDCCH;
· NPDSCH Case 5: Set Noc level -93dBm/15kHz for NPDSCH and Noc level -119dBm/15kHz for NPDCCH.

Proposal 3: Not use option 2 for NDSCH transmission signal pattern considering it cannot 100% ensure no NPDCCH impact to NPDSCH test.
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