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Introduction
Discussions on NR test models for BS conformance is ongoing. Given the number of bandwidth, numerologies as well as slot configurations supported by NR and the multi standard radio technologies that gNBs are expected to support, TDD UL/DL configuration for NR conformance test needs to be discussed. This contribution brings forward some open issues and considerations on TDD uplink-downlink configurations selection for TDD conformance test to ensure proper operation of an MSR base station specifically in FR1.  For FR2 co-existence between different RATs may not need to be considered, but alignment between NR FR1 and NR FR2 TDD configuration may be desirable.  
Discussion
Background
Considering the number of different configurations NR supports, the number of BS conformance tests that need to be specified would increase significantly. Discussion in RAN4 include formulating procedures for suitable selection of test configurations such that the number of test permutations is reduced [1].  
Moreover, the test configurations defined for NR TDD need ensure proper operation in a multi standard radio base station, that is co-existence between E-UTRA, NR and NB-IOT. 
All E-UTRA test models use the following general parameters:
-	The test models are defined for a single antenna port (using p = 0); 1 code word (q = 0), 1 layer, precoding is not used; unless specified otherwise
-	Duration is 10 subframes (10 ms)
-	Normal CP
-	Virtual resource blocks of localized type, no intra-subframe hopping for PDSCH
-	UE-specific reference signals are not used
Power settings of physical channels are defined by physical channel EPRE relative to the EPRE of the RS. The relative accuracy of the physical channel EPRE as referred to the EPRE of the RS shall have a tolerance of ±0.5 dB.
TS36.141 specifies that for E-UTRA TDD test models are derived based on the UL/DL configuration 3 (Table 4.2-2) and special subframe configuration 8 (Table 4.2-1) defined in TS36.211, i.e. as shown in the table 6.1.1-1 (excluding Channel access procedure test for downlink operation in Band 46 where Frame structure Type 3 is defined in TS 36.211 clause 4.3 is used). Number of frames for the test models is 2. The tables mentioned above are re-written in Appendix 1.   
Other radio standards such as NB-IoT may need to also be considered when proposing TDD configuration for multi-standard radio (MSR) BS conformance testing. TS37.141, section 4.9.2, specifies that for BC3 CS3 BS testing (where BC3 is TDD band category with MSR while CS3 is configuration with LTE and UTRA), E-UTRA carriers shall be configured according to E-TM1_BC3CS3 where UL/DL configuration 1 and special subframe configuration 7 is set to be used.
Adopting LTE TDD UL/DL configurations for NR
The description of NR TDD UL/DL switching pattern configuration described in Appendix 2 implies that LTE UL/DL configurations 0 and 3 can be configured for NR directly. That is, according to Table 2 Appendix 2, LTE UL/DL configuration 0 in Table 4.2-2 (TS36.211) can be configured as 
· x = 5 ms with 1 DL slot and 3 UL slots (assuming 15 kHz)

while UL/DL configuration 3 can be configured as 
· x = 5 ms with 1 DL slot and 3 UL slots (assuming 15 kHz) and 
· y = 5 ms with 5 DL slots and 0 UL slot (assuming 15 kHz)

where x and y refer to the period for TDD pattern 1 and TDD pattern 2 respectively, see: Appendix 2. The diagram below demonstrates the frame alignment of UL/DL configuration #0 and configuration #3 for 15kHz SCS. It should be noted that UL/DL configuration #3 is the configuration specified in TS36.141 for E-UTRA TDD TM.  

Page 4
Draft prETS 300 ???: Month YYYY

	6/6	
a.) LTE UL/DL configuration 0
b.) LTE UL/DL configuration 3
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Figure 1: LTE-NR TDD UL/DL configurations with frame alignment
Also, LTE UL/DL configurations #1, #2, #4 and #5 can be configured in NR. Using only cell-specific signaling (TDD-UL-DL-ConfigCommon) a radio frame offset between NR and LTE occurs. A combination of cell-specific (TDD-UL-DL-ConfigCommon) and UE dedicated signaling (TDD-UL-DL-ConfigDedicated) enables even configuration of LTE UL/DL configurations #1, #2, #4 and #5 without radio frame offset.



a.) LTE UL/DL configuration 1
b.) LTE UL/DL configuration 2
[image: ][image: ]
	





c.) LTE UL/DL configuration 4
d.) LTE UL/DL configuration 5
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Figure 2: LTE-NR TDD UL/DL configurations with frame misalignment
Configuration 6 is not shown here as an option as it is specified in TS 36.211 that LTE UL/DL configuration 6 cannot be configured for NR. 
Thus far, a few proposals have been brought forth by several interested companies.  There are some advantages to choosing the configuration.  E-UTRA has selected configuration 3, special subframe 8 whilst MSR specification has chosen to use configuration 1 with special subframe 7.  
Considering future aspects as well, such as NB-IoT conformance testing, the same configuration may also be beneficial.  The discussions herein have been focused on FR1 as there is no need to consider the coexistence of other RATs currently at FR2.  For simplicity, applying the same TDD configuration for both could also provide some benefits.  
 
1. Conclusion
This contribution puts forward a discussion on TDD UL/DL configurations for BS conformance testing considering multi-standard radio system. It discussed some NR-TDD configurations currently under consideration and highlights the need for further discussions on UL/DL configurations that is suitable for MSR BS conformance testing. 
Currently E-UTRA has selected configuration 3, special subframe 8 whilst MSR specification has chosen to use configuration 1 with special subframe 7.  NB-IoT configuration has not been selected and may also need to be aligned to NR TDD configuration.  RAN4 may also need to also consider if TDD configurations shall be the same between FR1 and FR2.
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Appendix 1: Test configurations for TDD
The supported uplink-downlink configurations are listed in Table 4.2-2 of TS36.211 shown below, where, for each subframe in a radio frame, "D" denotes a downlink subframe reserved for downlink transmissions, "U" denotes an uplink subframe reserved for uplink transmissions and "S" denotes a special subframe with the three fields DwPTS, GP and UpPTS.

Table 4.2-2: Uplink-downlink configurations
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

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

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

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



The length of DwPTS and UpPTS is then given by Table 4.2-1 of TS36.211, also shown below, subject to the total length of DwPTS, GP and UpPTS being equal to  where X is the number of additional SC-FDMA symbols in UpPTS provided by the higher layer parameter srs-UpPtsAdd if configured otherwise X is equal to 0.




Table 4.2-1: Configuration of special subframe (lengths of DwPTS/GP/UpPTS)
	Special subframe configuration
	Normal cyclic prefix in downlink
	Extended cyclic prefix in downlink

	
	DwPTS
	UpPTS
	DwPTS
	UpPTS

	
	
	Normal cyclic prefix
 in uplink
	Extended cyclic prefix 
in uplink
	
	Normal cyclic prefix in uplink
	Extended cyclic prefix in uplink

	0
	

	

	

	

	

	


	1
	

	
	
	

	
	

	2
	

	
	
	

	
	

	3
	

	
	
	

	
	

	4
	

	
	
	

	

	


	5
	

	

	

	

	
	

	6
	

	
	
	

	
	

	7
	

	
	
	

	
	

	8
	

	
	
	-
	-
	-

	9
	

	
	
	-
	-
	-

	10
	

	

	

	-
	-
	-




Table 6.1.1-1: Configurations of TDD eNB test models
	Downlink-to-Uplink
Switch-point periodicity
	Number of UL/DL sub-frames per radio frame (10 ms)
	DwPTS

	GP

	UpPTS


	
	DL
	UL
	
	
	

	10ms
	6
	3
	

	

	




Appendix 2: NR TDD pattern configuration
In NR, according to TS36.331 (6.3.2), cell-specific RRC signaling specify that a common TDD pattern can be semi-statically configured for all users in a cell. Additionally, individual users can be configured with a dedicated pattern overwriting individual slots of the configuration. The common TDD pattern can be a concatenation of a maximum of two TDD pattern (TDD-UL-DL-ConfigCommon) as shown in Figure 1. 
TDD pattern 1
Must divide 20 ms evenly



TDD pattern 1
TDD pattern 2
Must divide 20 ms evenly




Figure 1: Common NR TDD patterns
Each of the two TDD pattern can be configured with a given TDD periodicity depending on the subcarrier spacing employed. Moreover, the combined periodicity for the cell-specific DL/UL assignments must divide 20ms evenly where the first slot of each even radio frame is taken to be a starting slot.  
Table 1: UL-DL switching periodicity for different numerologies
	SCS [kHz]
	Allowed UL-DL switching periodicity [ms]

	15
	0.5, 1, 2, 5, 10

	30
	0.5, 1, 2, 2.5, 5, 10

	60
	0.5, 1, 1.25, 2, 2.5, 5, 10

	120
	0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10











The downlink-uplink periodicity for each DL-unknown-UL includes the configurations stated in the table below. 
Table 2: UL-DL switching configurations
	# of DL slots at the beginning of the period
	0,1,…

	# of DL symbol(s) following the DL slots
	0,1,…,13

	# of UL symbols before full UL slots
	0,1,…,13

	# of full UL slots at the end of the period
	0,1,…









Resource(s) between DL and UL segments are unknown resources. Figure 2 below is an example demonstration for D D D S U configuration

[image: ]
Figure 2: Example of D D D S U configuration
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