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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#88, agreements on the TDD configuration were captured in two TPs [2][3]. The 15 kHz SCS TDD configuration is based on the {DDDSU} slot configuration with S={D10, S2, U2} symbols where S is the guard (flexible) symbol. The subsequent TDD configurations for 30, 60, 120, and 240 kHz SCS are based on ensuring the duration of the DL symbols for each numerology is the same as 15 kHz.
In [4], it was proposed to use {DDDSU} with S = {D4, G6, U4} for 60 kHz SCS and {DDDSU} with S = {D10, G2, U2} for 120 kHz SCS based on UE demod configurations. This document examines the design considerations for such a configuration on base station test models. A text proposal is provided if a decision to use the 60 kHz FR2 TDD configuration.
Discussion
Background
If the TDD configuration for FR1 UE reference measurement model were used, there would be scenarios where DL transmissions for one numerology for conflict other numerologies. The models are:
· For 15 kHz SCS, the 5 ms period is {DDDSU} with S={10D, 2G, 2U}
· For 30 kHz SCS, the 5 ms period is {DDDDD DDSUU} with S={6D, 4S, 4U} symbols
· For 60 kHz SCS, the 1.25 ms period is {DDDSU} with S={6D, 4S, 4U} symbols.
Figure 1 shows the conflicts for the numerologies between 15/30 kHz and 60 kHz SCS. 15 and 30 kHz SCS have alignment for the downlink.
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[bookmark: _Ref524518674]Figure 1. The yellow shading indicates downlink symbols, the gray flexible symbols, the green uplink symbols for 15 kHz, 30 kHz, and 60 kHz SCS if the reference measurement models were used.
As a result of these conflicts, several principles for designing the TDD patterns for base station conformance test were
· Ensure the duration of the DL symbols for each numerology is the same as 15 kHz. The underlying principle to ensure DL transmissions of a given numerology do not coincide with UL/G periods. 
· Ensure that common TDD signaling can be used for the pattern, where the pattern is {#downlink slot(s), #downlink symbol(s) in the first special slots, #uplink symbols in the last special slot, #uplink slot(s)}.
The decision was to use the 15 kHz UE reference measurement model for the design. The duration of the DL symbols is 3.715 ms (three 1 ms slots + 10 symbols [0.715 ms] in special slot). Likewise, the duration of the UL symbols is 1.14 ms (one 1 ms slot + 2 symbols [0.143 ms] in the special slot). For each increase in the numerology, the number of symbols doubles. The following table captures the number of symbols in a 5 ms period. . See [1] as the basis of the calculation.
[bookmark: _Ref524515804]Table 1. TDD parameters based on {DDDSU} slot configuration with S={D10, G2, U2} 15 kHz SCS
	Num.
	#DL symbols
	#UL symbols
	#DL slots
	#DL symbols in first special slot
	#UL slots
	#UL symbols in last special slot
	#special slots

	0
	52
	16
	3
	10
	1
	2
	1

	1
	104
	32
	7
	6
	2
	4
	1

	2
	208
	64
	14
	12
	4
	8
	2

	3
	416
	128
	29
	10
	9
	2
	2

	4
	832
	256
	59
	6
	18
	4
	3

	µ
	
	
	
	
	
	
	



The formula is obtained by counting the number of symbols of each type for 15 kHz SCS. Then since there are 14 symbols per slot, a division is used to determine the number of slots for the type. The scaling factor accounts for the numerology.
Note that the column “#DL slots” corresponds to the 38.331 field nrofDownlinkSlots. Likewise, “#DL symbols in first special slot” corresponds to nrofDownlinkSymbols, “#UL slots” corresponds to nrofUplinkSlots, and “#UL symbols in last special slot” corresponds to nrofUplinkSymbols.
The resulting TDD pattern for FR1 is shown for a 5 ms period using the TDD configuration from Table 1.
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Figure 2. The yellow shading indicates downlink symbols, the gray flexible symbols, the green uplink symbols for 15 kHz, 30 kHz, and 60 kHz SCS.
Figure 3 shows how all the other numerologies are aligned to the 15 kHz SCS special slot configuration.
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[bookmark: _Ref523920640]Figure 3. The yellow shading indicates downlink symbols, the gray flexible symbols, the green uplink symbols for 15 kHz, 30 kHz, 60 kHz, and 120 kHz SCS for the “special slot” at 15 kHz SCS.
FR2 design
As a result of the agreements in the meeting, the TDD configuration for FR2 is based on the 15 kHz SCS TDD configuration. Thus 
· For 60 kHz SCS, the 5 ms period is {14D, S1S2, 4U} with S1={12D, 2G} symbols and S2={6G, 8U}.
· For 120 kHz SCS, the 5 ms period is {29D, S1S2, 9U} with S1={10D, 4G} symbols and S2={12G, 2U}.
However, the TDD configuration for FR2 UE reference measurement model are:
· For 60 kHz SCS, the 1.25 ms period is {DDDSU} with S={4D, 6G, 4U} symbols.
· For 120 kHz SCS, the 0.625 ms period is {DDDSU} with S={10D 2G 2U} symbols.
Observation 1: Extending the 15 kHz TDD configuration to FR2 produces TDD configurations which do not reflect the reference models.
Since FR1 and FR2 are sufficiently distinct in frequency, the FR2 TDD configuration can be independent of the FR1 TDD configuration. If the reference models were the basis, which model should be used is examined.
· Use both models
· Use 60 kHz SCS model as a basis.
· Use 120 kHz SCS model as a basis
The next subsections examine the possible models choices:
Both FR2 reference models
If both models were used, there will be conflicts with downlink transmissions shown in Figure 4.
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[bookmark: _Ref524523188]Figure 4. The yellow shading indicates downlink symbols, the gray flexible symbols, the green uplink symbols for 60 kHz and 120 kHz SCS if the reference measurement models were used.
Observation 2: Using both 60 and 120 kHz SCS reference measurement models for base station test models causes DL transmission conflicts.
120 kHz reference model
Following the procedure used to produce Table 1, the 120 kHz TDD configuration pattern is used a baseline for 240 kHz and 60 kHz SCS. As indicated in Table 2, it is impossible to find a 60 kHz configuration where there is alignment for DL transmissions.
[bookmark: _Ref524525540]Table 2. TDD parameters based on {DDDSU} slot configuration with S={D10, G2, U2} 120 kHz SCS
	Num.
	#DL symbols
	#UL symbols
	#DL slots
	#DL symbols in first special slot
	#UL slots
	#UL symbols in last special slot
	#special slots

	2
	26
	8
	1
	12
	0
	8
	?

	3
	52
	16
	3
	10
	1
	2
	1

	4
	104
	32
	7
	6
	2
	4
	1

	µ
	
	
	
	
	
	
	



Observation 3: The 120 kHz SCS reference measurement model of {DDDSU} with S = {D10, G2, U2} does not yield a realizable pattern for 60 kHz SCS.
60 kHz FR2 pattern
Repeating the process using the TDD configuration for the 60 kHz SCS FR2 reference measurement model yields the patterns in Table 3.
[bookmark: _Ref523929377]Table 3. TDD parameters based on {DDDSU} slot configuration with S={D4, G6, U4} 60 kHz SCS
	Num.
	#DL symbols
	#UL symbols
	#DL slots
	#DL symbols in first special slot
	#UL slots
	#UL symbols in last special slot
	#special slots

	2
	46
	18
	3
	4
	1
	4
	1

	3
	92
	36
	6
	8
	2
	8
	2

	4
	184
	72
	13
	2
	5
	2
	2

	µ
	
	
	
	
	
	
	



Pictorially, the pattern is shown in Figure 5, including 240 kHz SCS.
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[bookmark: _Ref524526141]Figure 5. The yellow shading indicates downlink symbols, the gray flexible symbols, the green uplink symbols for 15 kHz, 30 kHz, and 60 kHz SCS.
Although the TDD configuration for the 120 kHz SCS reference measurement model is not produced using the extended TDD configuration for the 60 kHz SCS model, the alignment of DL transmission is achieved.
Proposal: The 60 kHz SCS reference measurement model of {DDDSU} with S = {D4, G6, U4} can be used for base station conformance testing.
If there is agreement to use the 60 kHz SCS model, the text proposal for TS38.141-2 is presented in the appendix.
Conclusion
This contribution examines the relationship between the current TDD configuration for FR2 base station conformance test models and the reference measurement models.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Extending the 15 kHz TDD configuration to FR2 produces TDD configurations which do not reflect the reference models.
Examination of the reference models shows:
Observation 2: Using both 60 and 120 kHz SCS reference measurement models for base station test models causes DL transmission conflicts.
Observation 3: The 120 kHz SCS reference measurement model of {DDDSU} with S = {D10, G2, U2} does not yield a realizable pattern for 60 kHz SCS.
The analysis shows:
Proposal: The 60 kHz SCS reference measurement model of {DDDSU} with S = {D4, G6, U4} can be used for base station conformance testing.
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Appendix
**** BEGIN ***
[bookmark: _Toc510689714][bookmark: _Toc523481270]4.9.3.2	NR test models
The set-up of physical channels for transmitter tests shall be according to one of the NR test models (NR-TM) below. A reference to the applicable test model is made within each test.
The following general parameters are used by all NR test models:
-	[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 1 radio frame (10 ms) for FDD and 2 radio frames for TDD (20 ms)
-	Normal CP
-	Virtual resource blocks of localized type
For NR TDD, test models are derived based on the uplink/downlink configuration as showing in the table 4.9.3.2-16.1.3-1.
Table 6.1.2-14.9.3.2-1: Configurations of TDD gNB test models
	SCS 
[kHz]
	Number of DL slots
	Number of DL symbols in S slot
	Number of UL symbols in S slot
	Number of UL slots

	15
	3
	10
	2
	1

	30
	7
	6
	4
	2

	60 (Note 1)
	143
	124
	81
	4

	120 (Note 21)
	296
	108
	2
	98

	240 (Note 32)
	5913
	62
	45
	182

	Note 1: There are two S slots. First S slot has 12 DL symbols followed by 2 flexible symbols; second S slot has 6 flexible symbols followed by 8 UL symbols.
Note 21: There are two S slots. First S slot has 10 8 DL symbols followed by 4 6 flexible symbols; second S slot has 12 6 flexible symbols followed by 2 8 UL symbols.
Note 32: There are three two S slots. First S slot has 6 2 DL symbols followed by 8 12 flexible symbols; third second S slot has 10 12 flexible symbols followed by 4 2 UL symbols.
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