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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#AH-1807, WF [2] listed several areas of study for the possible TDD patterns in the test models. 
· Option 1: “DSUUU DDDDD” with S slot=11D 1Gp 2U
· Option 2: 4D/1U with D slot=12D 1Gp 1U and U slot=1D 1Gp 12U
· Option 3: proposes “DDDSU” with S slot=12D 1Gp 1U
· WF
· Other options than 1 – 3 are not precluded.
· Alignment between different SCS should be considered
This document examines aspects for alignment between different SCS for TDD test models, specifically focusing is on MSR (NR and LTE), as mentioned in [1]. Several proposals are provided to parameterize the TDD design while considering MSR.
Discussion
LTE TDD configuration for test models
In 36.141 [3], the TDD pattern specified for the test models is UL/DL configuration #3 “DSUUU DDDDD” with special subframe (SSF) configuration #8 (11 DL, 1 guard, 2 UL symbols), as shown in Figure 1. 
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[bookmark: _Ref517683189]Figure 1. The orange shading indicates the special subframe (subframe 1). The gray shading indicates an uplink subframe (subframes 2, 3, 4). Below is the symbol allocation for the special subframe. Symbols 0 and 7 have the longer CP (160 Ts), and symbols 12 and 13 are uplink.
NR frame structure
Considerations for MSR testing are symbol alignment, slot alignment within a subframe, and subframe alignment to a frame. 
In 38.211 [4], the cyclic prefix (CP) duration as a function of symbol number is given by

where , µ={0,1,2,3,4}, l is the symbol number in a subframe, with l=0 to 142µ‑1 for a normal CP. The duration is in samples Tc, with 1/Tc=4800004096=1,988,080,000 (i.e., Tc=508.6 ps). Table 1 summarizes the CP durations as a function of numerology. The symbol column indicates which symbol is applicable to the corresponding CP length; the CP column is the number of samples; the next column is the duration of the CP in time; and the last column is the duration of the OFDM symbol.
[bookmark: _Ref519502379]Table 1. CP length
	
	Long CP
	Regular CP

	µ
	Symbols
	CP, Tc
	CP, µs
	Symbol duration, µs
	Symbols
	CP, Tc
	CP, µs
	Symbol duration, µs

	0
	0, 7
	10240
	5.208
	71.875
	1-6, 8-13
	9216
	4.688
	71.354

	1
	0, 14
	5632
	2.865
	36.198
	1-13, 15-27
	4608
	2.344
	35.677

	2
	0, 28
	3328
	1.693
	18.359
	1-27, 29-55
	2304
	1.172
	17.839

	3
	0, 56
	2176
	1.107
	9.440
	1-55, 57-111
	1152
	0.586
	8.919

	4
	0, 112
	1600
	0.814
	4.980
	1-111, 113-223
	576
	0.293
	4.460



Figure 2 shows the location of the long CP for three numerologies, µ={0,1,2}.
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[bookmark: _Ref519503064]Figure 2. Slot / symbol layout for µ=0 (top), µ=1 (middle), and µ=2 (bottom). Yellow, blue, and green shading indicate the longer CP for each numerology. The shades of gray indicate slots.
Within each subframe, the long CP occurs on the first symbol of the slots beginning at 0 ms and 0.5 ms. 
Observation 1: The long OFDM symbol occurs on the first symbol beginning each 0.5 ms.
Due to this long CP alignment, the CP should not be a factor in test model design for MSR considerations.
MSR TDD testing
There are several aspects for MSR TDD testing. Note that although test models are used for NR tests, the test models should be designed to support the MSR tests. Table 1 lists the combinations of carrier types to consider for TDD. The term “multiple numerologies” is used to discuss test models when two or more carriers are tested, with more than one numerology present. One example is 15 kHz SCS on one carrier and 30 kHz SCS on another carrier.
It is assumed that there is subframe and frame alignment for multiple numerologies and MSR tests in the analysis.
Table 2. TDD considerations for test models
	
	FR1 carrier
	FR2 carrier
	LTE carrier

	FR1 carrier
	Multiple numerologies
	Multiple numerologies
	MSR

	FR2 carrier
	
	Multiple numerologies
	MSR



The following subsections examine these aspects. 
Multiple NRs carriers: same band [FR1/FR2]
For FR1, the test model combinations to consider are:
· Same numerology, multiple carriers: all 15 kHz, all 30 kHz, and all 60 kHz SCS
· At least two different numerologies: (15, 30), (15, 60), and (30, 60) kHz SCS pairs
Likewise for FR2, the test model combinations are 
· Same numerology multiple carriers: all 60 kHz, all 120 kHz, and all 240 kHz SCS (anticipating if 240kHz SCS is introduced for PDSCH)
· At least two different numerologies: (60, 120), (60, 240), and (120, 240) kHz SCS pairs
Obviously, when two carriers have the same numerology, the TDD configuration will be the same for the test model. 
Assume there are two numerologies µA and µB, with µB>µA. Based on the symbol/sample allocation, some observations are:
· The start of symbol i*2^µB is aligned with the start of symbol i*2^µA
· Excluding the first symbol of the subframe and the 72^µA–th symbol of the subframe (at 0.5 ms), each symbol for numerology µA is 2^(µB-µA) times longer than each symbol for numerology µB.
· For the first symbol of the subframe and the 72^µA–th symbol of the subframe (at 0.5 ms), the CP for numerology µA is not an integer multiple of the first symbol for µB. 

FR1 and FR2 NRs carriers
Since a carrier for FR1 and a carrier for FR2 are many gigahertz apart, it is reasonable to assume that the test cases for simultaneous FR1 and FR2 carriers are not defined. As a result, TDD configuration for a FR2 test model can be independent of a FR1 test model.
Observation 2: TDD pattern for FR2 model can be independent of TDD pattern for LTE models.
Although there is benefit to have independent TDD configurations between FR1 and FR2 models, once the pattern for 60 kHz SCS model in FR1 is defined, that pattern can be reused for the 60 kHz model in FR2. 
Proposal 1: TDD configuration for 60 kHz SCS FR1 test model can be reused for 60 kHz SCS FR2 model. 
The implication is that the TDD configuration for FR2 is related to the TDD configuration for FR1.
LTE and FR2 NRs carriers
For MSR testing, the alignment of DL NR transmissions is needed for backwards compatibility. However, since there are no other GPP radio standards operating in the FR2 bands, the TDD configuration for FR2 models is independent of prior 3GPP radio standards.
LTE and FR1 NRs carriers
One question is how to align the NR frame structure to LTE UL/DL configuration #3 “DSUUU DDDDD” with special subframe (SSF) configuration #8 (11 DL, 1 guard, 2 UL symbols). The next section describes the slot alignment. The following sections discusses the special subframe configuration.
DL LTE subframe / NR slots
Figure 3 shows the alignment of NR and LTE in terms of NR slots and LTE subframes. The first 5 ms of the LTE pattern has a mixture of DL, special, and UL subframes. The question is whether NR supports the pattern. The second pattern is all downlink.
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[bookmark: _Ref520101674]Figure 3. Comparing numerologies and LTE. The orange shading indicates the special subframe (subframe 1). The gray shading indicates an uplink subframe (subframes 2, 3, 4).
Section 3.5 discusses how to configure such a pattern.
DL LTE special subframe / NR slot
Figure 4 shows the symbol alignment for the LTE special subframe and the NR slot (different numerologies). Because the LTE special subframe starts with 11 DL symbols, symbol #7 (longer CP) is always DL.
Observation 3: no long CP is present in the GP or UL symbols.
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[bookmark: _Ref519518233][bookmark: _Ref519518214]Figure 4. Slot / symbol layout of LTE special subframe and NR slots.
Thus, for a 15 kHz SCS NR slot, the pattern for that slot should be the same LTE special subframe configuration. Note the last two symbols can be also “GP” instead of UL. For the 30 kHz SCS model, the 1 ms subframe is 1 slot followed by 8 DL symbols. There are 2 GP symbols and 4 UL symbols. For the 60 kHz SCS model, the 1 ms subframe is 3 slots followed by 2 DL symbols. There are 4 GP symbols and 8 UL symbols. One observation is for the 60 kHz SCS, one slot has a 2 symbol DL portion. 
Observation 4: For µ=2, the special “slot” has a 2 symbol DL portion. Test model designs should consider how to manage that 2 symbol portion.
Section 3.5 discusses how to configure such a pattern.
[bookmark: _Ref520101818]Parameterized designs
There are several ways to configure the TDD pattern using higher layer signaling in NR. The common configuration allows a pattern of the form “D … D, S … S, U … U”. However, the LTE UL/DL configuration #3 “DSUUU DDDDD” does not follow that pattern. Fortunately, NR supports using two patterns: Thus the two patterns are
· pattern 1: DSUUU (at 15 kHz SCS)
· pattern 2: DDDDD (at 15 kHz SCS)
Some constraints for the patterns are [6]
· nrofDownlinkSlots: Number of consecutive full DL slots at the beginning of each DL-UL pattern, see 38.213, Table 4.3.2-1. In this release, the maximum value for this field is 80.
· nrofDownlinkSymbols: Number of consecutive DL symbols in the beginning of the slot following the last full DL slot (as derived from nrofDownlinkSlots). The value 0 indicates that there is no partial-downlink slot.
· nrofUplinkSlots: Number of consecutive full UL slots at the end of each DL-UL pattern, see 38.213, Table 4.3.2-1. In this release, the maximum value for this field is 80.
· nrofUplinkSymbols: Number of consecutive UL symbols in the end of the slot preceding the first full UL slot (as derived from nrofUplinkSlots). The value 0 indicates that there is no partial-uplink slot.
There are other rules for configuration with two patterns (section 11.1 38.213 [5])
· …
· A UE expects that [image: ] divides 20 msec.
A set of configuration patterns is presented in Table 3. There is a generalization in the last column.
[bookmark: _Ref519584873]Table 3. Generalized TDD patterns 
	
	µ=0
	µ=1
	µ=2
	µ=3
	µ=4
	Rule

	pattern1 (P)

	dl-UL-TransmissionPeriodicity
	ms5
	ms5
	ms5
	ms5
	ms5
	ms5

	nrofDownlinkSlots
	1
	3
	7
	14
	28
	

	nrofDownlinkSymbols
	11
	8
	2
	4
	8
	

	nrofUplinkSlots
	3
	6
	12
	25
	50
	

	nrofUplinkSymbols
	2
	4
	8
	2
	4
	

	Pattern2 (P2)

	dl-UL-TransmissionPeriodicity
	ms5
	ms5
	ms5
	ms5
	ms5
	ms5

	nrofDownlinkSlots
	5
	10
	20
	40
	80
	52µ 

	nrofDownlinkSymbols
	0
	0
	0
	0
	0
	0

	nrofUplinkSlots
	0
	0
	0
	0
	0
	0

	nrofUplinkSymbols
	0
	0
	0
	0
	0
	0



Some guidelines used:
· Two 5 ms periodic patterns satisfy the rule  divides 20 msec [5].
· The maximum of 80 slots satisfies the maximum number rule in 38.331 [6]
Proposal 2: Use the parameters in the table for the TDD configuration in the NR test models.
Conclusion
This contribution examines TDD designs considerations for MSR testing.
In NR:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: The long OFDM symbol occurs on the first symbol beginning each 0.5 ms.
Between FR1 and FR2:
Observation 2: TDD pattern for FR2 model can be independent of TDD pattern for LTE models.
Proposal 1: TDD configuration for 60 kHz SCS FR1 test model can be reused for 60 kHz SCS FR2 model. 
Examining the NR numerology and the LTE special subframe configuration:
Observation 3: no long CP is present in the GP or UL symbols.
Observation 4: For µ=2, the special “slot” has a 2 symbol DL portion. Test model designs should consider how to manage that 2 symbol portion.
The configuration for NR TDD configuration for MSR testing considerations:
Generalized TDD patterns 
	
	µ=0
	µ=1
	µ=2
	µ=3
	µ=4
	Rule

	pattern1

	dl-UL-TransmissionPeriodicity
	ms5
	ms5
	ms5
	ms5
	ms5
	ms5

	nrofDownlinkSlots
	1
	3
	7
	14
	28
	

	nrofDownlinkSymbols
	11
	8
	2
	4
	8
	

	nrofUplinkSlots
	3
	6
	12
	25
	50
	

	nrofUplinkSymbols
	2
	4
	8
	2
	4
	

	Pattern2

	dl-UL-TransmissionPeriodicity
	ms5
	ms5
	ms5
	ms5
	ms5
	ms5

	nrofDownlinkSlots
	5
	10
	20
	40
	80
	52µ 

	nrofDownlinkSymbols
	0
	0
	0
	0
	0
	0

	nrofUplinkSlots
	0
	0
	0
	0
	0
	0

	nrofUplinkSymbols
	0
	0
	0
	0
	0
	0



Proposal 2: Use the parameters in the table for the TDD configuration in the NR test models.
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