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1   Background
During RAN4#79AH meeting, R4-79AH-0161[1] about NB-IoT UE demodulation simulation assumptions were approved. During the discussion, the demodulation requirements of NPDCCH and NPDSCH for anchor or non-anchor carrier operation were discussed, at last, non-anchor operation is assumed for alignment purpose. 
2.4.5 Anchor / non-anchor operation

UE NPDCCH/NPDSCH demodulation requirements capture the scenario on the anchor carrier or non-anchor carrier operation. For the alignment purpose, non-anchor operation is assumed.
In this contribution, we analyses the differences between anchor and non-anchor operations and then the corresponding NPDCCH and NPDSCH demodulation requirements for anchor carrier.

2   Discussion
2.1   Specify requirements for anchor and non-anchor carrier
As per the core specification TS 36.331, the anchor carrier and non-anchor carrier concepts in NB-IoT: Anchor carrier: In NB-IoT, a carrier where the UE assumes that NPSS/NSSS/NPBCH/SIB-NB are transmitted; Non-anchor carrier: In NB-IoT, a carrier where the UE does not assume that NPSS/NSSS/NPBCH/SIB-NB are transmitted. Currently, for alignment purpose, non-anchor operation is assumed.
If we consider the operation scenario, anchor carrier always exists and non-anchor is for offloading. According to the multi carrier capability defined in specification TS 36.306, UE should support both anchor and non-anchor carriers. So we should specify the demodulation performance requirements for both anchor and non-anchor cases for NPDCCH and NPDSCH. For NPBCH, the requirement should be verified on anchor carrier.

In last RAN4 meeting, it was agreed to introduce the test cases for NPDCCH and NPDSCH as below. We propose to define part of requirements for anchor case and the others for non-anchor cases.
Table 1: Minimum performance for NPDCCH

	Simulation number
	BW 
	Deployment Mode
	Reference Channel
	Repetition number
	Propagation Condition
	Number of NRS ports
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
(Note 1)
	Target SNR (dB

	1
	180KHz
	In-band
	R.NB1.4
	Note 1
	[EPA5]
	2
	1
	[-6]

	2
	180KHz
	In-band
	R.NB1.4
	Note 1
	[ETU1]
	2
	1
	[-12]

	3
	180KHz
	Standalone/Guard-band
	R.NB1.3
	Note 1
	[EPA5]
	1
	1
	[-6]

	4
	180KHz
	Standalone/Guard-band
	R.NB1.3
	 Note 1
	[ETU1]
	1
	1
	[-12]

	Note 1: Choose one repetition level from {16,32,64,128,256,512} to satisfy 1% BLER at target SNR=-6dB for tests 1 and 3, and SNR=-12dB for tests 2 and 4. 

Note 2: Assumption of In-band configuration: CFI=3 and the number of LTE CRS ports is 4. Demodulation is assumed to be based only NRS.




Table 2 Minimum performance NPDSCH

	Simulation number
	Band-width and MCS
	Deployment Mode
	(ITBS, ISF)

(Table 6)
	Repetition level
	Propagation Condition
	Number of NRS ports
	Target SNR (dB)

	1
	180KHz
QPSK [1/3]
	In-band
	([4], [0])

(TBS=56bits)
	1
	[EPA5]
	2
	TBD

	2
	180KHz
QPSK [1/3]
	In-band
	([4], [0])

(TBS=56bits)
	Note 2
	[EPA5]
	2
	[-6]

	3
	180KHz
QPSK [1/3]
	In-band
	([4], [0])

(TBS=56bits)
	Note 2
	[ETU1]
	2
	[-12]

	4
	180KHz
QPSK [1/2]
	Standalone/Guard-band
	([9], [3])

(TBS=616bits)
	Note 2
	[EPA5]
	1
	[-6]

	5
	180KHz
QPSK [1/3]
	Standalone/Guard-band
	([6], [3])

(TBS=392 bits)
	Note2
	[ETU1]
	1
	[-12]

	Note 1: Choose one repetition level from {1,2,4,8,16,32,64,128,192,256,384,512,768, } to satisfy 70% of the maximum NPDSCH throughput.
Note 2: Assumption of In-band configuration: CFI=3 and the number of LTE CRS ports is 4. Demodulation is assumed to be based only NRS.

Note 3: Maximum number of HARQ transmission is 4. 


Proposal 1:  Define anchor and non-anchor performance requirements separately for NPDCCH and NPDSCH.
2.2   Performance comparison of anchor and non-anchor cases
As we know that NPBCH is transmitted in subframe 0 in every radio frame; NPSS is transmitted in subframe 5 in every radio frame; NSSS is transmitted in subframe 9 of every other radio frame and SIB1-NB transmission occurs in subframe #4 of every other frame in 16 continuous frames. At least 2 subframes and at most 4 subframes that contain PSSS/NSSS/NPBCH/SIB1-NB in anchor carrier within one radio frame will be invalid NB-IoT DL subframes for NPDCCH and NPDSCH if downlinkBitmap is not configured in SystemInformationBlockType1-NB. If we use 20ms periodicity, then total 6 invalid NB-IoT DL subframes. And as per core specification TS 36.211 section 10.2.6 “The UE may assume narrowband reference signals are transmitted in all NB-IoT downlink subframes in a cell supporting NPDSCH transmission. The UE shall not expect narrowband reference signals in subframes that are not NB-IoT downlink subframes, except if these subframes contain NPBCH or NPDSCH carrying SystemInformationBlockType1-NB where narrowband reference signals shall be transmitted.”, then subframes #5 and 9 don’t contain NRS and cannot be used for channel estimation. 
For the performance impacts to anchor and non-anchor carrier operation for NPDCCH and NPDSCH due to those invalid NB-IoT DL subframes#0,4,5 and 9, we did some simulations and comparisons.
2.2.1    Simulation results for anchor carrier under NPDCCH for case1
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Figure 1: Simulation results for anchor and non-anchor carrier for NPDCCH In-band with 2T1R under EPA5
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Figure 2: Simulation results for anchor and non-anchor carrier for NPDCCH In-band with 2T1R under ETU1
From the above simulation results, we can know the SNRs corresponding to 1% Pm-dsg for different repetition levels:
Table 1: The SNR corresponding to 1% Pm-dsg for anchor and non-anchor carrier for NPDCCH case1 EPA5
	Repetition level
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512

	Non-anchor
	8.3
	6.1
	3.8
	1.4
	-1.3
	-3.7
	-7.2
	-10.5
	-13.6
	-16.4

	Anchor
	8.1
	5.4
	3.6
	1.0
	-1.4
	-4.7
	-8.0
	-11.4
	-14.4
	-16.9

	Gap
	0.2
	0.7
	0.2
	0.4
	0.1
	1.0
	0.8
	0.9
	0.8
	0.5


Table 2: The SNR corresponding to 1% Pm-dsg for anchor and non-anchor carrier for NPDCCH case2 ETU1
	Repetition level
	1
	2
	4
	8
	16
	32
	64
	128
	256
	512

	Non-anchor
	8.0
	5.7
	3.6
	1.4
	-0.2
	-2.1
	-4.2
	-6.6
	-9.7
	-13.1

	Anchor
	7.7
	5.7
	3.4
	1.7
	-0.2
	-2.4
	-4.4
	-7.0
	-10.5
	

	Gap
	0.3
	0
	0.2
	-0.3
	0
	0.3
	0.2
	0.4
	0.8
	


For the NPDCCH demodulation performance which is determined by the probability of miss-detection of the Downlink Scheduling Grant (Pm-dsg), considering the channel estimation loss in subframe #5 and 9 and the signal time diversity gain due to the invalid subframes, we can know that there is performance gap between anchor carrier and non-anchor carrier, generally anchor carrier has better performance than non-anchor carrier, with the repetition level increasing, the gap becomes larger, but still keeps within 1dB limitation; maybe it is a feasible way to shift the performance of non-anchor carrier xdB, e.g. x=0.5dB, for anchor carrier for EPA5 considering 1ms channel estimation length is used in the simulation, and keep the same performance for both anchor and non-anchor carrier for ETU1. 
Observation 1: There is smaller performance gap, within 1dB, between anchor and non-anchor carrier for NPDCCH.

2.2.2   Simulation results for anchor carrier under NPDSCH for cases1,2
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Figure 3: Simulation results for anchor and non-anchor carrier for NPDSCH In-band with 2T1R under EPA5
From the above simulation results, we can know the SNRs corresponding to 70% fraction of maximum throughput for different repetition levels:
Table 3: The SNR corresponding to 70% fraction of maximum throughput for anchor and non-anchor carrier under EPA5 for NPDSCH cases1,2
	Repetition level
	1
	2
	4
	8
	16
	32
	64
	128
	192
	256

	Non-Anchor
	1.9
	-0.6
	-3.0
	-5.2
	-7.3
	-9.2
	-11.4
	-13.8
	-15.0
	-15.8

	Anchor
	1.9
	-0.6
	-3.0
	-5.2
	-7.3
	-9.4
	-11.8
	-14.0
	-15.1
	-16.0

	Gap
	0
	0
	0
	0
	0
	0.2
	0.4
	0.2
	0.1
	0.2


For NPDSCH demodulation performance which is determined by the 70% maximum throughput at a certain SNR value, there is almost no gap between anchor and non-anchor carrier performance when the repetition levels are equal or smaller than 16, otherwise only very small gap between them, we think that it is feasible to define the same performance requirements for anchor and non-anchor carrier operation.
Observation 2: There is almost the same performance requirement between anchor and non-anchor carrier for NPDSCH.

In the last RAN4 meeting, the simulation results were approved and all the test cases are based on non-anchor scenario. Based on Observation 1 and Observation 2, we do think that the performance difference between anchor and non-anchor are small. So we think that we can use the simulation results of non-anchor cases to get the requirements for both anchor and non-anchor.
Proposal 2: Use the simulation results of non-anchor cases to get the requirements for both anchor and non-anchor cases.
2.3   Test cases for anchor and non-anchor
In the email discussions pre the RAN4#80 meeting, Ericsson gave the specific test cases splitting for anchor and non-anchor carrier based on the current RAN4 agreed tests. From technical analysis and simulation results, we agree with Ericsson’s test case splitting proposal.
Proposal 3: Split the test cases for anchor and non-anchor carrier tests for NPDCCH and NPDSCH as following:
	Test
	Deployment
	Propagation condition
	Number of NRS
	Target SNR
	Anchor/Non-anchor carrier
	NPDCCH
	NPDSCH

	1
	In-band
	EPA5
	2
	-6
	Anchor
	Case1
	Case1/case2

	2
	In-band
	ETU1
	2
	-12
	Non-anchor
	Case2
	Case3

	3
	Standalone/Guard-band
	EPA5
	1
	-6
	Anchor
	Case3
	Case4

	4
	Standalone/Guard-band
	ETU1
	1
	-12
	Non-anchor
	Case4
	Case5


3   Conclusion / Proposals
In this contribution, we give our proposal about the anchor and non-anchor carrier performance requirements definitions:

Proposal 1:  Define anchor and non-anchor performance requirements separately for NPDCCH and NPDSCH.
Proposal 2: Use the simulation results of non-anchor cases to get the requirements for both anchor and non-anchor cases.
Proposal 3: Split the test cases for anchor and non-anchor carrier tests for NPDCCH and NPDSCH as following:
	Test
	Deployment
	Propagation condition
	Number of NRS
	Target SNR
	Anchor/Non-anchor carrier
	NPDCCH
	NPDSCH

	1
	In-band
	EPA5
	2
	-6
	Anchor
	Case1
	Case1/case2

	2
	In-band
	ETU1
	2
	-12
	Non-anchor
	Case2
	Case3

	3
	Standalone/Guard-band
	EPA5
	1
	-6
	Anchor
	Case3
	Case4

	4
	Standalone/Guard-band
	ETU1
	1
	-12
	Non-anchor
	Case4
	Case5


4   Reference

[1] R4-79AH-0161, “Updated simulation assumptions for NB-IoT UE demodulation”, Huawei, HiSilicon, Ericsson, Qualcomm, Samsung, ZTE















































































































































































































































































































