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1.	Introduction
A TP [1] to add TDD configurations for testing NB-IoT operation in NR in-band into TR 37.824 [2] was approved at TSG RAN4 #92bis. The approved TP contains a NR TDD UE specific dedicated configuration to align with the NB-IoT TDD configuration in the tests. On the other hand, it has been identified that there is already a very similar NR TDD UE specific dedicated configuration defined in Annex E.0A of TS 37.141 [3] for NR TDD in part of BC3 CS16/17 BS transmitter tests, which can also be used for testing NB-IoT operation in NR in-band.
This contribution provides a TP to update TR 37.824 to use the current NR TDD UE specific dedicated configuration for testing NB-IoT operation in NR in-band, to avoid defining two very similar NR TDD UE specific dedicated configurations in the test specifications.

2.	Discussion
The TDD configurations in the approved TP [1] are shown in table 1 below.
Table 1: TDD configurations in TR 37.824
	Field name
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	Tdd-UL-DL-Configuration
	

	referenceSubcarrierSpacing
	15
	30
	60

	Periodicity (ms) for dl-UL-TransmissionPeriodicity
	5
	5
	5

	nrofDownlinkSlots
	1
	2
	4

	nrofDownlinkSymbols
	0
	0
	0

	nrofUplinkSlots
	0
	0
	0

	nrofUplinkSymbols
	0
	0
	0

	Tdd-UL-DL-ConfigDedicated
	

	nrofDownlinkSymbols
	For Slot#1: 11
	For Slot#3: 8
	
For Slot#7:2 

	nrofUplinkSymbols
	For Slot#1: 2
	For Slot#3: 4
	For Slot#7:8 

	slotIndex
	1
	3 
	7

	nrofDownlinkSymbols
	11
	8
	2 

	nrofUplinkSymbols
	2
	4
	8 

	slotIndex
	2,3
	4,5,6,7
	8,9,10,11,12,13,14,15

	symbols
	allUplink
	allUplink
	allUplink

	slotIndex 
	4
	2,8,9
	4,5,6,16,17,18,19

	symbols
	allDownlink
	allDownlink
	allDownlink



On the other hand, the TDD configurations defined in Annex E.0A of TS 37.141 [3] for NR TDD in part of BC3 CS16/17 BS transmitter tests are shown in table 2 below. They are based on uplink/downlink 1, with 5ms switch period and the special subframe configuration 7, i.e. uplink/downlink subframe ratio is 1:2, DwPTS = 10 symbols, GP = 2 symbols, UpPTS = 2 symbols.
Table 2: TDD configurations in TS 37.141
	Field name
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	Tdd-UL-DL-Configuration
	

	referenceSubcarrierSpacing
	15
	30
	60

	Periodicity (ms) for dl-UL-TransmissionPeriodicity
	5
	5
	5

	nrofDownlinkSlots
	1
	2
	4

	nrofDownlinkSymbols
	0
	0
	0

	nrofUplinkSlots
	0
	0
	0

	nrofUplinkSymbols
	0
	0
	0

	Tdd-UL-DL-ConfigDedicated
	

	nrofDownlinkSymbols
	For Slot#1: 10
	For Slot#3: 6
	For Slot#6:12
For Slot#7:0 

	nrofUplinkSymbols
	For Slot#1: 2
	For Slot#3: 4
	For Slot#6:0
For Slot#7:8 

	slotIndex
	1
	3 
	6,7

	nrofDownlinkSymbols
	10
	6
	12,0 

	nrofUplinkSymbols
	2
	4
	0,8 

	slotIndex
	2,3
	4,5,6,7
	8,9,10,11,12,13,14,15

	symbols
	allUplink
	allUplink
	allUplink

	slotIndex 
	4
	2,8,9
	4,5,16,17,18,19

	symbols
	allDownlink
	allDownlink
	allDownlink



One of the agreements in the approved WF [4] at TSG RAN4 #93 is that: ‘Only 15 kHz SCS is used in the TC for NB-IoT operation in NR in-band.’ Comparing the 15 kHz SCS column in tables 1 and 2, the only difference is that there is one more downlink symbol (11 Vs 10) for Slot#1 in the TDD configuration in TR 37.824 (table 1). Hence the TDD configuration in TS 37.141 should also be able to align with the NB-IoT TDD configuration in the tests, as it only contains one more gap symbol for Slot#1.
Therefore, to avoid defining two very similar NR TDD UE specific dedicated configurations in the test specifications, it is proposed to use the current NR TDD UE specific dedicated configuration defined in TS 37.141 for testing NB-IoT operation in NR in-band. The TP is provided below, where only 15 kHz SCS columns are kept according to the approved WF [4]. Typo identified in other sections are also corrected.
3.	Text proposal
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<Next change>
5.1.1	System scenarios
For NB-IoT operating in LTE, system scenarios have been divided into 3 following operations,
· Category NB1/NB2 stand-alone operation: category NB1/NB2 is operating standalone when it utilizes its own spectrum, for example the spectrum used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
· Category NB1/NB2 guard band operation: category NB1/NB2 is operating in guard band when it utilizes the unused resource block(s) within an E-UTRA carrier’s guard-band.
· Category NB1/NB2 in-band operation: category NB1/NB2 is operating in-band when it utilizes the resource block(s) within a normal E-UTRA carrier.
When it comes to NB-IoT co-existence with NR, depend on the utilized spectrum for NB-IoT operations, 3 system scenarios should be considered,
· NB-IoT operation in NR in-band: NB-IoT is operating in-band when it is located within a NR transmission bandwidth configuration plus 15 kHz at each edge but not within the NR minimum guard band GBChannel.
· NB-IoT operation in NR guard band: NB-IoT is operating in guard band when it is located within a NR BS channel bandwidth but is not NB-IoT In-band operation in NR in-band.
· NB-IoT standalone operation: NB-IoT is operating standalone when it utilizes its own spectrum, for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.


.
Figure 5.1.1-1: Definition of channel bandwidth and transmission bandwidth configuration for one NR channel
[bookmark: _Toc20741339]5.2	NB-IoT operating in NR in-band
Text will be added 
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5.2.1.4	NR SS Blocks
The presence of the NR Synchronization Signal (SS) blocks would restrict possible options when placing a NB . Those blocks contain synchronization signals (PSS and SSS) which are used for UE to synchronize and connect to the BS. It’s so key that NB-IoT is not overlapping those blocks to not impact NR UE synchronization performance.
The SS block pattern for 15 kHz SCS is according to Case A (specified in TS 38.213 [5]) and its structure is given in Figure 5.2.1.4-1. SSB occupies 20 RBs in frequency domain and 4 OFDM symbols in time domain.
[image: ]
Figure 5.2.1.4-1: Structure of SS Block

Considering NB-IoT is currently specified only for frequency bands below 3 GHz, following equation gives the frequency position of the synchronization raster:
					(4.1)
where  is an integer, and .  

 refers to the first subcarrier of the RB #10 of the SSB block (which corresponds to 11th RB of the SSB block). 
Therefore, the minimum and maximum frequencies of the SSB (i.e., SSB edges), based on Figure 5.2.1.4-2, are:
		(4.2)
			(4.3)

[image: ]
Figure 5.2.1.4-2: Position of SSREF in SSB.

Which also means NB-IoT RB, shall also not be overlapping the following frequency range, as illustrated on Figure 5.2.1.4-3:
		


[image: ]
Figure 5.2.1.4-3: Feasible locations of an NB-IoT RB to avoid overlap with NR SSB in coexistence scenario.
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5.2.1.7.1.1	Carrier frequency 
Based on previous considerations (NB-IoT carrier frequency, preserving perfect orthogonality in between NB-IoT and NR tones, which also means NR SCS=15 kHz), the following equation should be resolved:
[bookmark: _Hlk4089320][bookmark: _Hlk4092025][image: ]			(7.1)
With: 
· MDL: Offset of NB-IoT Channel Number to EARFCN.
· n: integer identifying NB-IoT carrier on the 100kHz grid
· k: subcarrier index.
· m: integer identifying NR RF reference frequency 
· I : step size as specified in Table 5.4.2.3-1 of TS 38.104, Step = {1, 2, 3, 6} depending on carrier frequency and sub-carrier spacing.
This would then result in following potential subcarrier index:
[bookmark: _Hlk4092335][image: ]	(7.2)
All possible positions are determined by finding (n,m) values so that k is an integer that would solve this equation (7.2).

[bookmark: _Toc20741358]5.2.1.7.1.2	RB alignment  
When considering 15 kHz SCS, NB-IoT RB and NR RB should be aligned to optimize resource utilization, avoiding that a NB-IoT RB overlaps 2 NR RBs.
When considering other SCS, RBs alignment is not obvious anymore. Orthogonality will be lost, and some guard would be needed in between NR RBs and NB-IoT RB. Depending on the required guard, it might be more optimal to center NB-IoT RB with one or 2 punctured NR RBs.
In the following, considering no requirement has to be specified for mixed numerology, we will only investigate NR 15 kHz SCS.
As mentioned in 5.2.1.5, NR reference frequency refers to different subcarriers of the middle RB depending on spectrum utilization, and more specifically on the parity of the number of RBs allocated for a considered channel bandwidth.
Based on this, to ensure RBs alignment, considering p being an integer representing the RB index from NR reference frequency (p = 0 for the NR RB hosting the NR Reference frequency), if:
· The maximum number of RBs for a given channel bandwidth is even: NB-IoT carrier frequency should be further offset with 90 kHz, and equation (1) would become: 
[image: ]	(7.3)
	With I15  = 3 for channel raster below 3 GHz and I15  = 1 for channel raster above 3 GHz
Equation (7.2) would become:
[image: ]		(7.4)
Or [image: ] for channel raster below 3 GHz.

· The maximum number of RBs for a given channel bandwidth is odd: no further offset shall be considered, equation (7.1) would become:
[image: ] (7.5)
With I15  = 3 for channel raster below 3 GHz and I15  = 1 for channel raster above 3 GHz
Equation (7.2) would become:
	[image: ]		(7.6)
Or	 [image: ]for channel raster below 3 GHz.

<Next change>
5.2.3	Numerologies
As NR could support several numerologynumerologies, e.g. 15KHz, 30KHz and 60KHz in FR1 which might be different from NB-IoT numerologies (15KHz SCS in downlink and 15KHz/3.75KHz SCS in the uplink), there might exist mixed numerology configuration which would result in interference between NR subcarrier and NB-IoT subcarrier when NB-IoT carrier is deployed within NR carrier. In general, guard band between different numerology should be reserved for performance protection, however this should be up to the BS implementation. Similar as the mixed numerology in NR scenarios, no requirement is defined for mixed numerology between NR and NB-IoT. 
[bookmark: _Toc20741363]<Next change>
[bookmark: _Toc20741368]5.5	Synchronization between NR and NB-IoT
[bookmark: OLE_LINK12]In order to analyze the NB-IoT coexisting with NR, longest CP and shortest CP for NR are considered as two extreme cases in which whether timing misalignment between NB-IoT and NR would exceed CP or not could be identified. 
If 15kHz SCS is used in the NR carrier where NR has the longest CP, then the TAGs misalignment analysis between NB-IoT and NR will be the same as that between NB-IoT and E-UTRA. Therefore, there should be no interference issue due to TAGs misalignment between NB-IoT and NR if 15kHz SCS is used in the NR system, otherwise such issue would have occurred already between NB-IoT and E-UTRA before the migration to NR. Meanwhile some detailed analysis is done in Case 1 where it could be found that timing misalignment between NB-IoT and NR is still within the CP, this also indicates there should be no interference issues due to TAGs misalignement.
On the other hand, if 30kHz or 60kHz SCS is used in the NR carrier, the NB-IoT UE maximum transmit timing error of 101.33Ts (=80Ts+13.33Ts+8Ts) alone as explained in the following will be larger than the CP length of the NR symbol. Therefore, when the NR UE maximum transmit timing error (which is varied according to the SCS used in the NR carrier) is also considered, there would potentially be interference issue due to the inter-symbol-interference between the NB-IoT and NR symbols as illustrated in Case 2. However, it has been agreed that this type of mixed numerology cases between NB-IoT and NR should be up to the BS implementation and no requirement is defined in the RAN4 specifications. Feasible BS implementation options include separate digital filtering and internal gap between the NB-IoT and NR carriers.
Case 1: the timing misalignment scenario with NR SCS 15KHz
For NR UE transmit timing, if uplink subcarrier spacing is configured with 15KHz and SSB SCS is configured with 15KHz which is specified with worst transmit timing error for uplink SCS 15KHz, the maximum transmit timing error should be 12*64*Tc+256*Tc+8*64*Tc equal to (12+4+8)*64*Tc equal to 24*Ts which is the same as the maximum LTE UE transmitting error. Based on the above considerations, maximum arrival timing difference between NR carrier and NB-IoT carrier should be 4.0798s as shown in Figure 5.5-1 which is less than the NR CP length 4.96us if SCS 15KHz is configured for NR. 
[image: ]
Figure 5.5-1. the maximum arrival timing difference between NR and NB-IoT in Uplink
Case 2: the timing misalignment scenario with NR SCS 60KHz
For NR UE transmit timing, if uplink subcarrier spacing is configured with 60KHz and SSB SCS configured with 30KHz which is specified with the worst transmit timing error for uplink SCS 60KHz, the maximum transmit timing error should be 10*64*Tc+128*Tc+8*64*Tc/4 equal to 14 Ts (0.4557us). Based on the above consideration, the maximum arrival timing difference between NR carrier an NB-IoT carrier should be 3.7542us as shown in Figure 5.5-2 which is larger than the NR CP length 1.17us if SCS 60KHz is configured for NR. 
[image: ]
Figure 5.5-2. the maximum arrival timing difference between NR and NB-IoT in Uplink

5.5.1	Background
The specified E-UTRA TDD configurations are listed in Table 5.5.1. 

NB-IoT TDD was specified in Release 15. Due to the lack of available resources, RAN1 agreed to not specify NB-IoT TDD for configuration #0 and #6 (red in Table 5.5.1). Moreover, to avoid any slot truncations, only TDD configuration #1 and #4 (green in Table 5.5.1) are supporting NB-IoT 3.75 kHz SCS. Due to the above reasons, TDD Test Models used for BS RF conformance testing (TS 36.141 [7]) are based on configuration #1 and special subframe configuration 8 when testing E-UTRA with NB-IoT in-band/guard band TDD.
[bookmark: _Ref7277946]
Table 5.5.1. Specified LTE TDD configurations
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number
	Number of subframes / frame

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	DL
	UL
	S

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U
	2
	6
	2

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D
	4
	4
	2

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	6
	2
	2

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D
	6
	3
	1

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D
	7
	2
	1

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D
	8
	1
	1

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D
	3
	5
	2



NR TDD configurations are very flexible. Comparing to E-UTRA TDD, no predefined pattern has been specified which makes possible to configure TDD according to any specific need. Two different patterns might be configured (RRC), and for each pattern following parameters are defined:
- The periodicity.
- The number of slots (one for downlink, one for uplink) 
- The number of symbols (one for downlink, one for uplink), this number of symbols could be used to define an equivalent to LTE special sub-frame.

[bookmark: _Ref4335860]5.5.2	TDD synchronization
5.5.2.1	General
NR and NB-IoT TDD synchronization could be managed:
· Either by defining one or two NR patterns (section 5.5.2.2).
· Overriding UE specific dedicated configuration (section 5.5.2.3).

5.5.2.2	NR TDD patterns for synchronization with NB-IoT
Following figures show how to configure NR TDD to operate NB-IoT both 15 kHz and 3.75 kHz SCS:
· Figure 5.5.1-1 using one NR pattern to align with LTE configuration #1.
· Figure 5.5.1-2 using two NR patterns to align with LTE configuration #4.
[image: ]

[bookmark: _Ref7278133]Figure 5.5.1-1: NR TDD pattern to sync with LTE TDD configuration #1

[image: ]
[bookmark: _Ref7278147]Figure 5.5.1-2: NR TDD pattern to sync with LTE TDD configuration #4
However, above configurations with subframe shifting between NR and E-UTRA TDD were not used to build NR Test Model used in MSR conformance specification (TS 37.141). Therefore, a new Test Model should be specified for NR with NB-IoT operating in NR in-band.

5.5.2.3	Overriding UE specific dedicated configuration
As mentioned before, for E-UTRA TDD configuration with NB-IoT operating in-band and/or guard band, the agreed test model in Annex E.0A of TS 37.141 [8] is based on configuration 1, with 5ms switch period and the special subframe configuration 87, i.e. uplink/downlink subframe ratio is 31:26, DwPTS = 101 symbols, GP = 21 symbols, UpPTS = 2 symbols. The specific E-UTRA TDD configuration is illustrated in the Figure 5.5.3-1.

[image: ]
[image: ]
Figure 5.5.3-1. uplink/downlink configuration for E-UTRA TDD test model (2 frames for conformance testing)

According to NR slot configuration, UE specific dedicated configuration could be used to override the flexible slots configured by the SIB1 tdd-UL-DL-Configuration. For different SCS, the same ratio of DL and UL are assumed to be configured, therefore based on the following Figure 5.5.3-2 and Figure 5.5.3-3, the DL, UL and special subframe could be configured by the UE specific configuration.
[image: ]
[image: ]Figure 5.5.3-2. uplink/downlink configuration for E-UTRA TDD test model (2 frames for conformance testing)
[image: ]
Figure 5.5.3-3. the downlink and uplink configuration for different SCSs
The specific TDD configurations for 15 kHz SCS shownproposed in the Figure 5.5.3-2 and Figure 5.5.3-3 could be summarized in the following table 5.5.3-1.
Table 5.5.3-1: Configurations
	Field name
	15 kHz SCS
	30 kHz SCS
	60 kHz SCS

	Tdd-UL-DL-Configuration
	

	referenceSubcarrierSpacing
	15
	30
	60

	Periodicity (ms) for dl-UL-TransmissionPeriodicity
	5
	5
	5

	nrofDownlinkSlots
	1
	2
	4

	nrofDownlinkSymbols
	0
	0
	0

	nrofUplinkSlots
	0
	0
	0

	nrofUplinkSymbols
	0
	0
	0

	Tdd-UL-DL-ConfigDedicated
	

	nrofDownlinkSymbols
	For Slot#1: 101
	For Slot#3: 8
	
For Slot#7:2 

	nrofUplinkSymbols
	For Slot#1: 2
	For Slot#3: 4
	For Slot#7:8 

	slotIndex
	1
	3 
	7

	nrofDownlinkSymbols
	101
	8
	2 

	nrofUplinkSymbols
	2
	4
	8 

	slotIndex
	2,3
	4,5,6,7
	8,9,10,11,12,13,14,15

	symbols
	allUplink
	allUplink
	allUplink

	slotIndex 
	4
	2,8,9
	4,5,6,16,17,18,19

	symbols
	allDownlink
	allDownlink
	allDownlink


<End of change>
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