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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#AH-1807, WF [2] listed several areas of study. 
· Agreement: Consider PDCCH, PDSCH only as channels for TM design.  PBCH (the impact/need for SS for EVM requirement is to be analyzed)
· PDCCH and PDSCH lay out specifics should be considered (RSs to be considered and their densities), with the objective of the impact to the overall waveform on RF requirements 
· Companies are encouraged to provide parameterized designs
This document examines test model designs for NR and provides proposals for the models.
Discussion
One aspect of the test model design is to introduce parameters to simplify specification and improve maintainability. To illustrate the scope of the design model, it was noted that the description must span 33 bandwidth / numerology combinations (for FR1), approximately 8 test models, and FDD/TDD combinations. Furthermore, the number of slots / subframe also varies with the numerology. 
[bookmark: _Ref520873977]A summary of test models and measured signal features is presented in Table 1. 
[bookmark: _Ref520876489]Table 1. LTE Tested signal features
	
	E-TM1.1
	E-TM1.2
	E-TM2
	E-TM3.1
	E-TM3.2
	E-TM3.3

	BS output power
	
	
	
	
	
	

	Occupied bandwidth
	
	
	
	
	
	

	ACLR
	
	
	
	
	
	

	Operating band unwanted emissions
	
	
	
	
	
	

	Transmitter spurious emissions
	
	
	
	
	
	

	Transmitter intermodulation
	
	
	
	
	
	

	RS absolute accuracy
	
	
	
	
	
	

	Total power dynamic range
	
	
	
	
	
	

	EVM
	
	
	
	
	
	

	Frequency error
	
	
	
	
	
	



Bandwidths
For FR1, the set of allowable bandwidths in MHz can be expressed as
· BW=
· where nstart = 1 for µ=0 and µ=1; nstart = 2 for µ=2 
· where nstop = 8 for µ=0; nstop= 13 for µ=1 and µ=2
A similar formula can be used for FR2
· BW=
· where nstop = 3 for µ=2; nstop= 4 for µ=3
Note it may be possible to obtain an empirical formula relating the number of resource blocks as a function of bandwidth. For several numerologies, a curve-fit expression was obtained (e.g. NRB=round(5.4508671BW-2.7398844) for 15 kHz SCS). However, there were some differences between the computed and listed values. In general, a closed form expression is difficult to obtain. A table, such as described in Appendix C, should be used.
PDCCH
The PDCCH can occupy multiples of 6 RB blocks in frequency. Based on discussions, there were two possible approaches for the PDCCH:
· PDCCH occupies 1 (2) first symbols of a slot, spanning the bandwidth.
· PDCCH occupies 1 (2) blocks in frequency for 1 (2) symbols. The remainder of 2 symbols is filled with PDSCH.
While each approach has its own benefits, the occupying the span of the bandwidth is preferable considering the ensemble of tests, as Table 2
[bookmark: _Ref520891317]Table 2. Comparison of PDCCH
	
	Advantages
	Disadvantage

	Span bandwidth
	· DMRS present across (most) bandwidth
· Can be used for power reference
· Evaluations are typically symbol based
	· Larger percentage of overhead (PDCCH)
· May need power boosting when there are unused RBs (similar to LTE)

	Occupy 1 (2) blocks
	· Can minimize overhead due to PDCCH
· More samples for PDSCH testing for certain models.
	· For TDD tests, some “special” slots are 2 symbols wide.
· For 1 PRB test (E-TM2), what should be done with PDSCH in 2 first symbols? There will be different power levels depending on whether the locations of PDCCH and PDSCH overlap 



When consider the ensemble of tests (especially TM2), it is preferred to decouple the PDCCH and PDSCH.
Proposal 1: PDCCH should occupy the entire first symbol(s) of a slot 
The formula for the dimension and location of the PDCCH RBs for a bandwidth NRB is:

Since there can be unoccupied RBs, the unused power should be redistributed over the used RBs. Specifically, if the total power is PT (linear), then the power per RB is PT/NRB. With the number of unused RBs given by , the power per RB is thus

To simplify instantiation of the PDCCH, the ControlResourceSet information element [6] should be set so that:
· cce-REG-MappingType is nonInterleaved
· precoderGranularity is allContiguousRBs
· pdcch-DMRS-ScramblingID is µ+1 where µ is the numerology
SS block
One FFS item was the need for the SS block. Examining Annex F.3.2 of 36.141 [3], there is a statement regarding EVM
The BS shall transmit a signal according to the Test models, intended for EVM. The primary synchronisation signal and the reference signal shall be used to find the centre of the FFT window.
Test models TM2, TM3.1, TM3.2, and TM3.3 are used for EVM testing. The following considerations for the SS block are listed below.
Time location
38.213 [5] lists which symbols can bear the SS block in a half-frame. For 15 kHz SCS: symbols 2 and 8 for slots 0 and 1 can carry the SS block. The same numbered symbols for slots 2 and 3 carry the SS block for f>3 GHz. For 30 kHz SCS Case B, symbols 4 and 8 of slot 0, 2 and 6 of slot 1 can carry the SS block. The same numbered symbols of slots 2 and 3 can carry SS block for f>3 GHz. For 30 kHz SCS Case C, symbols 2 and 8 of slots 0 and 1 can carry the SS block. The same numbered symbols of slots 2 and 3 can carry SS block for f>3 GHz. For FR2 120 kHz SCS, the first symbols have indices {4, 8, 16, 20} + 28*n. For FR2 240 kHz SCS, the first symbols have indices {8, 12, 16, 20, 32, 36, 40, 44} + 56*n.
Assuming the TDD pattern in [8], Figure 1 and Figure 2 show which downlink and special slots, respectively, can carry the SS block for FR1. Note for frequencies above 3 GHz, slots 2 and 3 are UL for 15 kHz SCS. Table 3 indicates the maximum possible number of SS blocks for FR1.
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[bookmark: _Ref521493838]Figure 1. First slot(s) with SS block, 15 and 30 kHz SCS (cases B and C). Each color indicates possible SS block locations.
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[bookmark: _Ref521493841]Figure 2. Special subframe (slot). Gray shading denotes non-DL symbols while other colors indicate SS blocks
[bookmark: _Ref521494429]Table 3. Maximum number of SS blocks for first 5 ms FDD and TDD.
	SCS
	≤ 3 GHz, TDD
	> 3 GHz, TDD
	≤ 3 GHz, FDD
	> 3 GHz, FDD

	15 kHz
	3
	3
	4
	8

	30 kHz, Case B
	4
	7
	8
	8

	30 kHz, Case C
	4
	7
	8
	8



In LTE, the PSS is present every 5 ms.
If the SS block were used, it is possible to place an SS block with periodicity 5 ms and at the same symbol location independent of numerology (symbol 8 of slot 0). There are several reasons for this:
· Slot 0 is always downlink. Symbol 8 of a subframe is always a candidate location for SS block. This will simplify test description.
· By avoiding symbol 2, DMRS for the PDSCH is always present (not overwritten by SS block). 
· It is possible to make the DMRS of PDSCH QCL-ed to the PSS
Proposal 2: If SS block were used, the periodicity is 5 ms and located on symbol 8 of slot 0. 
Frequency location
Unlike the SS block for LTE which is located in the center, the SS block for NR is floating with the location is indicated by the GSCN. Note that in some bands, it is not possible to place the SS block at the center of the band. For example a 5 MHz carrier in band n1 located in [2110-2115], the GSCN is [5279 … 5419]. The frequencies for the first four GSCN are 2112.05, 2112.15, 2112.25, and 2113.25 MHz. However, the center 2112.5 MHz is not referenced by the GSCN. The 5279 GSCN value is 450 kHz from the center but is an exact number of resource elements (30 15 kHz SCS REs from the carrier). 
Observation 1: The location of the SS block within a carrier is defined by the GSCN and may not be at the carrier frequency.
Numerology considerations
Because the SS block occupies 20 RBs, for certain numerology / bandwidth combinations, there is an insufficient number of RBs of that numerology to support the SS block. Those are: (5 MHz, µ=1); (10 MHz, µ=2); and (15 MHz, µ=2). In addition, for FR1 µ=2, a 60 kHz SCS SS block is not defined. Likewise for FR2 µ=2, a 60 kHz SCS SS block is not defined. 
If an SS block were used, then for the (5 MHz, µ=1) case, a 15 kHz SCS is needed for the SS block. Likewise, for any FR1 µ=2, a 30 kHz SCS may be needed for the SS block. In this case, 20 RBs  12 REs/RB  30 kHz SCS/RE = 7.2 MHz would be used for 30 kHz SS block while the remaining bandwidth can use 60 kHz SCS. 
Observation 2: Mixed numerology may be needed if an SS block were used for any 60 kHz SCS numerology.
Introducing the SS block has several design implications, such as
· Density of SS block and TDD/FDD
· Location of SS block
· Numerology
Reference symbols
As stated in [7], the overhead for DMRS should be minimized. 
For PDSCH, NR has the flexibility to adjust the density of DMRS ranging from minimal (one symbol has DMRS) to a higher frequency of DMRS-bearing symbols. There are two types (type A and type B) [4]. By assuming the first (two) symbol(s) of the slot is PDCCH, the remaining 13 (12) symbols are then PDSCH. Among the Type A specifications for 14 symbols, DL-DMRS-add-pos = 0 has DMRS located on symbol l0. Also single-symbol DM-RS is used if the higher-layer parameter DL-DMRS-max-len is equal to 1. Also assume configuration type 2 is signaled (to lower the number of reference symbols). Note that with TDD, the density aspect may need to be adjusted for the special DL slots. It may be necessary to increase the DMRS for EVM tests. However, the positions of the DMRS-bearing symbols should consider TDD special slots. Those slots have 11, 8, 2, 4, 8 symbols for µ=0…4.
Summary of tables
The tables in the appendices capture the test models. The tables are structured so that formulas and parameters are used. There may be specific parameters for a given numerology. As example:
High level
· Bandwidth: FR1:   where nstart and nstop are defined per numerology. Note an analogous formula to determine n from the bandwidth is 
· Number of resource blocks: This is a lookup table for each numerology and indexed by n above.
· Number of slots for measurements: , either 10 ms for FDD or 20 ms for TDD
· For the first 10 ms, TDD downlink slots are numbered [8]: , with . The pattern repeats for the next 10 ms
· TDD “special” slot is located at slot  and the number of downlink symbols is  in that slot.
PDCCH
· Number of RBs for PDCCH:  and RB locations 
· Power level per PDCCH RB:  where P is the transmit power level.
· PDCCH configuration (cce-REG-MappingType is nonInterleaved, precoderGranularity is allContiguousRBs, pdcch-DMRS-ScramblingID is µ+1 where µ is the numerology)
PDSCH
· For boosting (TM1.2, TM3.2, TM3.3), there are two parameters: Fraction of total RBs, f, and boost level per RB in dB, b. The number of boosted RBs is . The number of deboosted RBs is  and the deboost level per RB is .
· The locations of the boosted RBs are based on a function (parameters are NRB,  , , starting location for a slot g(s)). There will be a table for the parameters with entries given below
	NRB
	NRB
	
	
	g(s)



· For TM2, the location of the single RB can also be based on the same formula.
Proposal 3: The formulas should be used to parameterized the test model design

Conclusion
This contribution examines some testing parameters 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _GoBack]Proposal 1: PDCCH should occupy the entire first symbol(s) of a slot 
Proposal 2: If SS block were used, the periodicity is 5 ms and located on symbol 8 of slot 0. 
Observation 1: The location of the SS block within a carrier is defined by the GSCN and may not be at the carrier frequency.
Observation 2: Mixed numerology may be needed if an SS block were used for any 60 kHz SCS numerology.
Proposal 3: The formulas should be used to parameterized the test model design
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Appendix
Appendix A. TDD downlink slots
Reference [8] details the TDD frame structure. Table 4 lists the downlink and uplink slots for the TDD configuration.
[bookmark: _Ref521499837]Table 4 , with 102µ slots each 10 ms
	Slot Type
	Time period
	slots

	Downlink
	0 – 5 ms
	

	Special slot with downlink symbols
	0 – 5 ms
	Slot  with first  downlink symbols

	Special slot with uplink symbols
	0 – 5 ms
	Slot  with last  symbols reserved for uplink

	Uplink
	0 – 5 ms
	

	Downlink
	5 - 10
	



Appendix B. RB selector
Table 5 specifies the parameters for the function indexed by the number of resource blocks. This function is used for turbo interleaving in LTE. The parameters can be filled out if this approach is agreed.
The parameters are used in the formula

with 

and s is the slot number in a subframe and . If the value p(k) = NRB, skip that value by shifting the sequence: use p(k) = p(k+1).
[bookmark: _Ref520972432]Table 5. Function parameters
	NRB
	NRB
	
	

	11
	12
	1
	6

	18
	18
	11
	6

	24
	24
	13
	18

	25
	25
	13
	20

	31
	32
	29
	20

	38
	38
	10
	19

	51
	52
	7
	26

	52
	52
	7
	26

	65
	66
	46
	33

	78
	78
	32
	39

	79
	80
	71
	40

	93
	94
	40
	47

	106
	106
	2
	53

	107
	108
	85
	48

	121
	121
	117
	77

	133
	134
	98
	67

	135
	135
	31
	90

	160
	160
	157
	90

	162
	162
	160
	159

	189
	189
	160
	105

	216
	216
	215
	66

	217
	218
	166
	109

	245
	245
	161
	66

	270
	270
	4
	75

	273
	274
	4
	137



Appendix C. Resource blocks
Table 6 parameterizes the bandwidth as a function of numerology and bandwidth.
[bookmark: _Ref521500156]Table 6. Number of RBs function
	
	15 kHz SCS µ=0
	30 kHz SCS µ=1
	60 kHz SCS µ=2

	F(n)
	[25 52 79 106 133 160 216 270]
	[11 24 38  51  65  78 106 133 162 189 217 245 273]
	[ n.a., 11 18  24  31  38  51  65  79  93 107 121 135]



Appendix D. TM1.1 FR1
Parameterized values for TM1.1 listed in Table 7
[bookmark: _Ref520977610]Table 7. TM1.1 
	Parameter
	Formula

	System parameter
	

	Bandwidth index n
	

	Number of RBs, NRB
	F(n), see Table 6 for the mapping

	Number of slots
	102µ for FDD, 202µ for TDD, starting from s=0

	
	

	PDCCH
	

	Number of symbols
	1

	Number of occupied RBs
	

	Location of RBs
	0,…,

	# of CCEs per PDCCH
	

	# of REGs per CCE
	4

	# of REGs allocated to PDCCH 
	4

	PRB PA
	

	PDSCH
	

	# of QPSK PDSCH PRBs which are boosted
	NRB

	RB PA = EA/EDMRS PDSCH [dB]
	0

	# of QPSK PDSCH PRBs which are de-boosted
	0

	PRB PA = EA/ERS [dB]
	n/a



Appendix E. TM1.2 FR1
Parameterized values for TM1.2 listed in Table 8
[bookmark: _Ref520977658]Table 8. TM1.2, FR1
	Parameter
	Formula

	System parameter
	

	Bandwidth index n
	

	Number of RBs, NRB
	F(n), see Table 6 for the mapping

	Number of slots
	102µ for FDD, 202µ for TDD, starting from s=0

	
	

	PDCCH
	

	Number of symbols
	1

	Number of occupied RBs
	

	Location of RBs
	0,…,

	# of CCEs per PDCCH
	

	# of REGs per CCE
	4

	# of REGs allocated to PDCCH 
	4

	PRB PA
	

	PDSCH
	

	Fraction f of boosted RB
	0.4

	# of QPSK PDSCH PRBs which are boosted
	

	RB PA = EA/EDMRS PDSCH [dB] b
	3 dB

	# of QPSK PDSCH PRBs which are de-boosted
	

	RB PA = EA/ERS [dB]
	

	Position of boosted RBs for downlink slot s
	
 in Table 5



Appendix F. TM2 FR1
Parameterized values for TM2(a) listed in Table 9 for 64QAM and 256QAM.
[bookmark: _Ref520979172]Table 9. TM2, FR1
	Parameter
	Formula

	System parameter
	

	Bandwidth index n
	

	Number of RBs, NRB
	F(n) , see Table 6 for the mapping

	Number of slots
	102µ for FDD, 202µ for TDD, starting from s=0

	
	

	PDCCH
	

	Number of symbols
	1

	Number of occupied RBs
	

	Location of RBs
	0,…,

	# of CCEs per PDCCH
	

	# of REGs per CCE
	4

	# of REGs allocated to PDCCH 
	4

	PRB PA
	

	PDSCH
	

	Fraction f of boosted RB
	n.a.

	# of 64QAM PDSCH PRBs which are boosted
	1

	RB PA = EA/EDMRS PDSCH [dB] b
	0 dB

	# of 64QAM PDSCH PRBs which are de-boosted
	0

	RB PA = EA/ EDMRS [dB]
	Inf.

	Position of boosted RBs for downlink slot s
	 in Table 5



Appendix G. TM3.1 FR1
Parameterized values for TM3.1(a) listed in Table 10
[bookmark: _Ref520979183]Table 10. TM3.1, FR1
	Parameter
	Formula

	System parameter
	

	Bandwidth index n
	

	Number of RBs, NRB
	F(n), see Table 6 for the mapping

	Number of slots
	102µ for FDD, 202µ for TDD, starting from s=0

	
	

	PDCCH
	

	Number of symbols
	1

	Number of occupied RBs
	

	Location of RBs
	0,…,

	# of CCEs per PDCCH
	

	# of REGs per CCE
	4

	# of REGs allocated to PDCCH 
	4

	PRB PA
	

	PDSCH
	

	Fraction f of boosted RB
	n.a.

	# of 64QAM PDSCH PRBs which are boosted
	NRB

	RB PA = EA/EDMRS PDSCH [dB] b
	0 dB

	# of 64QAM PDSCH PRBs which are de-boosted
	0

	RB PA = EA/ EDMRS [dB]
	n.a

	
	



Appendix H. TM3.2 FR1
Parameterized values for TM3.2 listed in Table 11
[bookmark: _Ref520979191]Table 11. TM3.2, FR1
	Parameter
	Formula

	System parameter
	

	Bandwidth index n
	

	Number of RBs, NRB
	F(n), see Table 6 for the mapping

	Number of slots
	102µ for FDD, 202µ for TDD, starting from s=0

	
	

	PDCCH
	

	Number of symbols
	1

	Number of occupied RBs
	

	Location of RBs
	0,…,

	# of CCEs per PDCCH
	

	# of REGs per CCE
	4

	# of REGs allocated to PDCCH 
	4

	PRB PA
	

	PDSCH
	

	Fraction f of boosted RB
	0.6

	# of 16QAM PDSCH PRBs for which EVM is measured
	

	RB PA = EA/EDMRS PDSCH [dB] b
	-3 dB

	# of QPSK PDSCH PRBs for which EVM is not measured
	

	PRB PA = EA/ERS [dB]
	

	Position of boosted RBs for downlink slot s
	
 in Table 5



Appendix I. TM3.3 FR1
Parameterized values for TM3.3 listed in Table 12
[bookmark: _Ref520978707]Table 12. TM3.3, FR1
	Parameter
	Formula

	System parameter
	

	Bandwidth index n
	

	Number of RBs, NRB
	F(n) , see Table 6 for the mapping

	Number of slots
	102µ for FDD, 202µ for TDD, starting from s=0

	
	

	PDCCH
	

	Number of symbols
	1

	Number of occupied RBs
	

	Location of RBs
	0,…,

	# of CCEs per PDCCH
	

	# of REGs per CCE
	4

	# of REGs allocated to PDCCH 
	4

	PRB PA
	

	PDSCH
	

	Fraction f of boosted RB
	0.5

	# of QPSK PDSCH PRBs for which EVM is measured
	

	RB PA = EA/EDMRS PDSCH [dB] b
	-6 dB

	# of 16QAM PDSCH PRBs for which EVM is not measured
	

	RB PA = EA/ EDMRS [dB]
	

	Position of boosted RBs for downlink slot s
	
 in Table 5



Appendix J. PDCCH formula
For completeness, this appendix illustrates how a PDCCH can be placed in the center blocks in the first two symbols of a DL slot. For a bandwidth NRB at RBs the function P(i) indicates the RB locations where 

where

To illustrate the mapping rule, a bandwidth range of 40 to 60 RBs is examined below
Table 13. 2 block PRB example
	NRB
	
	P(i)
	Center + (-6, 0, 5)

	40
	6
	12 … 23
	14, 20, 25

	44
	7
	18 … 29
	16, 22, 27

	48
	8
	18 … 29
	18, 24, 29

	52
	8
	18 … 29
	20, 26, 31

	56
	9
	24 … 35
	22, 28, 33

	60
	10
	24 … 35
	24, 30, 35




