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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#87, WF [2] listed several areas of study. 
· Each of NR test model consist of following elements:
· Core requirements list for which given test model is used,
· Physical channel parameters of test model,
· Most of TMs include tables of specific parameters that are used for test models (eg. boosters PRBs, allocated PRBs etc. for both FDD and TDD).
· Companies are encouraged to further study if all TM that are used in E-UTRA test specification are needed for NR.
· Companies are encouraged to further study which aspects of the NR PHY design and channels parameters are needed for TM design.
· For each TM specific list of parameters should be created. There may be different lists of parameters for each frequency range.
· Efficient way to introduce list of parameters for TM (eg. boosted PRBs and allocated PRBs for given test models) should be consider. 
· For NR TDD operation configuration of TDD gNB needs to be decided to define test models.
· Companies are encouraged to further study the test for mixed numerologies and decide further if we need the mixed numerologies tests.
This document describes the channel parameters for the test models in consideration for BS conformance testing. The proposals describe TDD and control channel configuration.
Discussion
For the discussions, it is assumed that the measurement duration is 10 ms (10 subframes). This duration is consistent with tests described in 38.104. As a result, the number of slots measured will increase as the numerology increases. 
TDD configurations
For LTE, the TDD pattern specified for the test models was UL/DL configuration #3 “DSUUU DDDDD” with special subframe (SSF) configuration #8 (11 DL, 1 guard, 2 UL symbols), as shown in Figure 1. These configurations have a 68% downlink, 31% uplink, and 1% guard symbol distribution.
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[bookmark: _Ref517683189]Figure 1. For TDD, two frames are used in LTE. The orange shading indicates the special subframe (subframe 1). The gray shading indicates an uplink subframe (subframes 2, 3, 4). 
In NR, the notation of pattern configurations is replaced by higher layer configurations. NR defines a “baseline” static configuration and a dynamic configuration. The following text from 38.331 for SIB1 and TDD-UL-DL-Config, (common, not dedicated).
SIB1 ::=		SEQUENCE {
…

ConfigCommon											OPTIONAL, -- Cond TDD
	tdd-UL-DL-configurationCommon2		TDD-UL-DL-ConfigCommon											OPTIONAL, -- Cond TDD
…
}

TDD-UL-DL-ConfigCommon ::=			SEQUENCE {
…
	-- Periodicity of the DL-UL pattern. Corresponds to L1 parameter 'DL-UL-transmission-periodicity' (see 38.211, section FFS_Section)
	dl-UL-TransmissionPeriodicity		ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10}						OPTIONAL,

	-- Number of consecutive full DL slots at the beginning of each DL-UL pattern. 
	-- Corresponds to L1 parameter 'number-of-DL-slots' (see 38.211, Table 4.3.2-1)
	nrofDownlinkSlots					INTEGER (0..maxNrofSlots)																	OPTIONAL,

	-- Number of consecutive DL symbols in the beginning of the slot following the last full DL slot (as derived from nrofDownlinkSlots). 
	-- If the field is absent or released, there is no partial-downlink slot.
	-- Corresponds to L1 parameter 'number-of-DL-symbols-common' (see 38.211, section FFS_Section).
	nrofDownlinkSymbols					INTEGER (0..maxNrofSymbols-1)															OPTIONAL,	-- Need R
	
	-- Number of consecutive full UL slots at the end of each DL-UL pattern. 
	-- Corresponds to L1 parameter 'number-of-UL-slots' (see 38.211, Table 4.3.2-1)
	nrofUplinkSlots						INTEGER (0..maxNrofSlots)																	OPTIONAL,
	
	-- Number of consecutive UL symbols in the end of the slot preceding the first full UL slot (as derived from nrofUplinkSlots).
	-- If the field is absent or released, there is no partial-uplink slot.
	-- Corresponds to L1 parameter 'number-of-UL-symbols-common' (see 38.211, section FFS_Section)
	nrofUplinkSymbols					INTEGER (0..maxNrofSymbols-1)															OPTIONAL	-- Need R
}

A depiction of the mapping is shown in Figure 2 for a “D D D S U” layout.
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[bookmark: _Ref517441685]Figure 2. The orange shading indicates the special subframe (subframe 3). The gray shading indicates an uplink subframe (subframe 4).
With the TDD configuration signaling in 38.331, the pattern used for LTE cannot be replicated when the common configuration is used. The reason is that the pattern for this UL/DL configuration is DL-S-UL-DL while the common configuration specifies a pattern DL-S-UL.
In [5], agreements were reached to define TDD configurations for UE demodulation testing and simulations. The patterns are listed in Table 1.
[bookmark: _Ref517440614]Table 1. TDD configurations proposed for UE Demod
	SCS
	Pattern
	Special
	Distribution
	Settings

	15 kHz
	DDDSU (UL/DL#2)
	12 D, 1 G, 1U (SSF#4)
	77% DL, 21% UL
	dl-UL-TransmissionPeriodicity = ms5
nrofDownlinkSlots = 3
nrofDownlinkSymbols = 12
nrofUplinkSlots = 1
nrofUplinkSymbols = 1

	30 kHz
	DDDSU (UL/DL#2)
	12 D, 1 G, 1U (SSF#4)
	77% DL, 21% UL
	dl-UL-TransmissionPeriodicity = ms2p5

	30 kHz
	7D1S2U (form of UL/DL #$)
	12 D, 1 G, 1U (SSF#4)
	79% DL, 21% UL
	dl-UL-TransmissionPeriodicity = ms5
nrofDownlinkSlots = 7
nrofDownlinkSymbols = 12
nrofUplinkSlots = 2
nrofUplinkSymbols = 1

	30 kHz
	DSSU
	10 D, 2 G, 2 U
12 D, 2 G
	64% DL, 29% UL
	dl-UL-TransmissionPeriodicity = ms2
nrofDownlinkSlots = 1
nrofUplinkSlots = 1
…

	60 kHz (FR2)
	DDDSU (UL/DL#2)
	12 D, 1 G, 1U (SSF#4)
	77% DL, 21% UL
	dl-UL-TransmissionPeriodicity = ms1p25
(see 15 kHz)

	120 kHz
	DDDSU (UL/DL#2)
	12 D, 1 G, 1U (SSF#4)
	77% DL, 21% UL
	dl-UL-TransmissionPeriodicity = ms0p625
(see 15 kHz)

	120 kHz
	DSDSU 
	10 D, 2 G, 2U (SSF#4)
	69% DL, 23% UL
	dl-UL-TransmissionPeriodicity = ms0p625
nrofDownlinkSlots = 1
nrofUplinkSlots = 1
…



Based on the pattern used by all SCS in Table 1, the simplicity of TDD specification, and larger fraction of DL symbols, it is proposed to use a 5 slot pattern of DDDSU. 
Proposal 1: Use slot format {D D D S U} with the periodicity being the duration of 5 slots and nrofDownlinkSlots = 3 and nrofUplinkSlots = 1. The special slot format S: nrofDownlinkSymbols = 10, nrofUplinkSymbols = 2. 
Control channel
The information element ControlResourceSet indicates the time and frequency resources used for the control channel. In the frequency domain, 6 consecutive RBs are allocated if the corresponding bit mask is set. 
ControlResourceSet ::= 					SEQUENCE {
 …

	-- Frequency domain resources for the CORESET. Each bit corresponds a group of 6 RBs, with grouping starting from PRB 0, which is fully 
	-- contained in the bandwidth part within which the CORESET is configured. 
	-- The most significant bit corresponds to the group of lowest frequency which is fully contained in the bandwidth part within which the 
	-- CORESET is configured, each next subsequent lower significance bit corresponds to the next lowest frequency group fully contained within
	-- the bandwidth part within which the CORESET is configured, if any. 
	-- Bits corresponding to a group not fully contained within the bandwidth part within which the CORESET is configured are set to zero. 
	-- Corresponds to L1 parameter 'CORESET-freq-dom'(see 38.211, section 7.3.2.2)
[bookmark: _Hlk504372411]	frequencyDomainResources				BIT STRING (SIZE (45)),
	-- Contiguous time duration of the CORESET in number of symbols 
	-- Corresponds to L1 parameter 'CORESET-time-duration' (see 38.211, section 7.3.2.2FFS_Section)
	duration								INTEGER (1..maxCoReSetDuration),


Figure 3 is an example for 15 kHz SCS and 5 MHz bandwidth. “Gap” between every sixth RB used to indicate a bit in the mask.
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Figure 3. Location of PDCCH (symbol 0) and all available RBs for PDCCH
Using the information element and the available RBs for each SCS / BW combination, the number of groups is tabulated for FR1 and FR2 in Table 2 and Table 3, respectively.
[bookmark: _Ref516837971]Table 2. Number of CORESET frequency groups for FR1. Number in parenthesis is the RB allocation)
	SCS
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100

	15
	4 (25)
	8 (52)
	13 (79)
	17 (106)
	22 (133)
	26 (160)
	36 (216)
	45 (270)
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	30
	1 (11)
	4 (24)
	6 (38)
	8 (51)
	10 (65)
	13 (78)
	17 (106)
	22 (133)
	27 (162)
	31 (189)
	36 (217)
	40 (245)
	45 (273)

	60
	N.A.
	1 (11)
	3 (18)
	4 (24)
	5 (31)
	6 (38)
	8 (51)
	10 (65)
	13 (79)
	15 (93)
	17 (107)
	20 (121)
	22 (135)



[bookmark: _Ref516837973]Table 3. Number of CORESET frequency groups for FR2.
	SCS
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	60
	11 (66)
	22 (132)
	44 (264)
	N.A.

	120
	5 (32)
	11 (66)
	22 (132)
	44 (264)



From the IE and the mapping rules, the control region starts at RB 0 and has no leftover RBs or between 1 and 5 leftover RBs in the bandwidth assuming maximum occupancy.
For many bandwidth / SCS combinations, the number of RBs in the BW is not a multiple of 6. If power is not allocated on those RBs (as indicated in Table 4 for FR1), the discrepancy is largest for the smallest RB allocation, in general. 
[bookmark: _Ref517686809]Table 4. Power not allocated on unoccupied RBs, FR1
	SCS
	5
	10
	15
	20
	25
	30
	40
	50
	60
	70
	80
	90
	100

	15
	0.18
	0.35
	0.06
	0.17
	0.03
	0.11
	0
	0
	N.A.
	N.A.
	N.A.
	N.A.
	N.A.

	30
	2.6
	0
	0.23
	0.26
	0.35
	0
	0.17
	0.03
	0
	0.07
	0.02
	0.09
	0.05

	60
	N.A.
	2.63
	0
	0
	0.14
	0.23
	0.26
	0.35
	0.05
	0.14
	0.21
	0.04
	0.10



In LTE, power boosting was used to boost the PDCCH when REGs were unoccupied. However, in NR PDSCH can be placed after the PDCCH (in the frequency domain). As a design option, any leftover RBs can be occupied with PDSCH. 
The design questions include:
· Should the test configuration maximize the number of PDCCH resources?
· What is the duration of the PDCCH (one, two, three symbols)
· Where should the PDCCH be located? (on the first symbol of a slot?)
· Interleaved/non-interleaved and aggregation level (1, 2, 4, 8, 16) [can be decided later]
The design options can follow the UE demodulation tests.
Proposal 2: PDCCH should occupy one symbol, be placed in the first symbol of the slot, and maximize the RBs used for PDCCH.
Reference symbols
For PDCCH, it has its own set of reference symbols. 
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). By assuming the first symbol of the slot is PDCCH, the remaining 13 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).
With this simple test configuration, the minimal RS density is achieved. By minimizing the number of reference symbols, more REs bearing higher order modulation will be available for analysis.
Proposal 3: the lowest density of reference symbols should be used.
Conclusion
This contribution examines some testing parameters 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424][bookmark: _GoBack]Proposal 1: Use slot format {D D D S U} with the periodicity being the duration of 5 slots and nrofDownlinkSlots = 3 and nrofUplinkSlots = 1. The special slot format S: nrofDownlinkSymbols = 10, nrofUplinkSymbols = 2. 
Proposal 2: PDCCH should occupy one symbol, be placed in the first symbol of the slot, and maximize the RBs used for PDCCH.
Proposal 3: the lowest density of reference symbols should be used.
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