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Foreword
This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In drafting the TS/TR, pay particular attention to the use of modal auxiliary verbs! TRs shall not contain any normative provisions.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.

























[bookmark: _Toc117000687]1	Scope
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]The present document captures finding of the study on FR2 UL 256QAM and beam correspondence for RRC_INACTIVE and initial access. The purpose of this TR is to study the performance gain and implementation aspects for FR2 UL 256QAM and to ensure good UE RACH msg1 performance and UL coverage in FR2 deployments by specifying the beam correspondence requirements for RRC_INACTIVE and initial access as defined in Work Item “NR RF requirements enhancement for frequency range 2 (FR2), Phase 3” [2].
[bookmark: _Toc117000688]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][2]	RP-220967, “new WID: NR RF requirements enhancement for frequency range 2 (FR2), Phase 3”, Nokia, Xiaomi
[3]                       3GPP TR 38.803: "Study on new radio access technology: RF and co-existence aspects".

…
[x]	<doctype> <#>[ ([up to and including]{yyyy[-mm]|V<a[.b[.c]]>}[onwards])]: "<Title>".
[bookmark: _Toc117000689]3	Definitions of terms, symbols and abbreviations
This clause and its three subclauses are mandatory. The contents shall be shown as "void" if the TS/TR does not define any terms, symbols, or abbreviations.
[bookmark: _Toc117000690]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
Definition format (Normal)
<defined term>: <definition>.
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc117000691]3.2	Symbols
For the purposes of the present document, the following symbols apply:
Symbol format (EW)
<symbol>	<Explanation>

[bookmark: _Toc117000692]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].
Abbreviation format (EW)
<ACRONYM>	<Explanation>

[bookmark: _Toc117000693]4	Background
At the 3GPP RAN #95 meeting, the Work Item on “NR RF requirements enhancement for frequency range 2 (FR2), Phase 3” was approved for Rel-18. The objectives of the core part in the Work Item are as follows:
UL 256QAM
· Investigate and enable UL 256QAM for FR2-1 [RAN4]
· Study the gain, operating SNR, phase noise model and implementation aspects
· Specify the UE RF requirements
· First priority: Targeted power classes are PC1, PC2 and PC5 
· Second priority: Targeted power class is PC3 

Beam correspondence requirements for RRC_INACTIVE and initial access
· Specify UE beam correspondence requirements for initial access and RRC_INACTIVE state, for SSB-based beam correspondence without UL beam sweeping [RAN4 RF]
· For RRC_INACTIVE specify at least requirements for Random Access SDT and Configured Grant SDT
· Requirements for other transmission within RRC_INACTIVE state are not precluded.
· For initial access, specify requirements and verification of beam correspondence requirements based on msg1 spherical coverage (at least) 
Study the potential impact on testability aspects (i.e., test time).
This TR aims to study the objectives and further capture the impact on the specification if applicable.
[bookmark: _Toc117000694]5	Study for FR2 UL 256QAM
Editor’s note: This clause collects the simulation results and implementation aspects for FR2 UL 256QAM study for Rel-18. If necessary, new agenda can be assigned.
[bookmark: _Toc117000695]5.1	General

[bookmark: _Toc117000696]5.2	Simulation
[bookmark: _Toc117000697]5.2.1	System level simulation
The system level simulation as supplementary for link level simulation is to check whether the UE working on FR2 UL 256QAM can achieve target SNR at BS side and to further confirm FR2 UL 256QAM is feasible.
5.2.1.1   Simulation assumptions
Table 5.2.1.1-1 System level simulation assumptions
	Parameters
	Urban macro
	Indoor

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	50m x 120m, 12BSs

	Inter-site distance
	200m (baseline)
300m (optional)
	20m

	BS antenna height
	25 m
	3 m

	UE location
	Outdoor/indoor
	Outdoor and indoor
	Indoor

	
	Indoor UE ratio
	20%
	

	
	Low/high Penetration loss ratio
	50% low loss, 50% high loss
	

	
	LOS/NLOS
	LOS and NLOS
	LOS and NLOS

	
	UE antenna height
	Same as 3D-Uma in TR 36.873
	 1.5 m

	UE distribution (horizontal)
	Uniform

	Minimum BS – UE distance (2D)
	35 m
	0 m

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5
	

	Pathloss 
	Uma LOS and NLOS in table 5.2.2.1-1 of 38.803
	InH – Office LOS and NLOS in table 5.2.2.1-1 of 38.803

	Carrier frequency
	29GHz, 39GHz

	BS antenna configuration
	(Mg, Ng, M, N, P) = (1, 1, 8, 16, 2)
(dv, dh) = (0.5λ, 0.5λ)
GE,max = 8 dBi
	(Mg, Ng, M, N, P) = (1, 1, 8, 16, 2)
(dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi

	UE antenna configuration
	First priority: 
PC1/PC2/PC5:
(Mg, Ng, M, N, P) = (1, 1, 4, 4, 2) (dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi
Second priority: 
PC3:
 (Mg, Ng, M, N, P) = (1, 1, 2, 2, 2) (dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi

	System bandwidth
	200MHz

	Target SNR at BS side
	FFS

	UE max output power
	PC1: 35 dBm/PC2: 23dBm/PC3: 23 dBm/PC5: 23 dBm 



[bookmark: _Toc117000698]5.2.2	Link level simulation
Link level simulation is targeted as mainstream way to evaluate if FR2 256QAM can achieve benefit by comparing to 64QAM.
[bookmark: _Toc117000699]5.2.2.1    Simulation assumptions
The link level simulation assumptions are listed as in table 5.2.2.1-1, based on which, to evaluate the throughput difference between 64QAM and 256QAM. The study aims to identify conditions where UL 256QAM provides performance benefits, does not reflect side conditions for setting the UE RF requirement for UL 256QAM.
Table 5.2.2.1-1 link level simulation assumptions
	Parameter
	Value 

	Carrier frequency
	29 GHz (n257), 39 GHz (n260) and 48GHz (n262)

	CBW
	50 MHz, 100MHz

	SCS
	120 kHz

	Allocated RBs
	Full allocation

	Propagation
	TDL-A  30ns delay spread, 35Hz Doppler frequency
TDL-D 30ns delay spread, 35Hz Doppler frequency
Static (AWGN)

	MCS
	64QAM: 
CP-OFDM: MCS 23, 24 in TS 38.214 Table 5.1.3.1-1, other MCSs are not precluded.
DFT-s-OFDM: MCS 22, 23 in TS 38.214 Table 6.1.4.1-1, other MCSs are not precluded.
256QAM: 
CP-OFDM/DFT-s-OFDM: MCS 21, 23 in TS 38.214 Table 5.1.3.1-2, other MCSs are not precluded.
Baseline: fixed MCSs

	Symbol type 
	CP-OFDM; DFT-s-OFDM

	HARQ 
	8, None 

	Antenna configuration
	Fading channel: 2x2 for Rank1 and Rank2, Low correlation
Static channel: 1x2 for Rank1, 2x2 for Rank2 (using the diagonal matrix)

	Channel estimation 
	Practical 

	Receiver type
	MMSE

	PUSCH configuration
	Type A mapping, Start symbol 0, Duration 14 

	DMRS configuration
	Type 1, Single symbol, 1 additional DMRS

	PTRS configuration
	CP-OFDM: KPTRS : 2 (every 2 RBs), LPTRS : 1 (every 1 symbol)


DFT-s-OFDM: (,)=(4, 4), LPTRS : 1 (every 1 symbol)

	Phase noise compensation
	Practical based on PTRS

	Phase noise model
	TR 38.803 model (in section 6.1.10 and section 6.1.11)
modelled Phase noise for TX and RX
Option a): example1 (UE)  + example1(BS)
Option b): example2 (UE) + example2(BS)
Option d): example1 (UE) + example2(BS)

	txEVM + rxEVM excluding phase noise for 256QAM
	txEVM: 3%, 3.5%, 4%, rxEVM: 3%, 3.5%, 4%
Option 1: txEVM >= rxEVM; 

	Other parameters
	follow assumptions in TS38.104 Section 11.2.2 .



5.2.2.2   Simulation results from Nokia [R4-2215577]
The link level simulation results at 29 GHz (n257) and 39 GHz (n260) using the highlighted parameters in table 1 are shown in figures 1 and 2, respectively.
[image: ]
Figure 1. Simulation results at 29 GHz (n257)
[image: ]
Figure 2. Simulation results at 39 GHz (n260)
It can be observed from figure 1 that at 29 GHz (n257):
-	If MCS index is 21, 256QAM goes over 64QAM in around 24-25 dB for all simulated EVMs.
-	If MCS index is 23, 256QAM goes over 64QAM in around 28 dB for (transmit and receive) EVM of 3%, around 32 dB for (transmit and receive) EVM of 3.5%, and loses for (transmit and receive) EVM of 4%.
On the other hand, it can be observed from figure 2 that at 39 GHz (n260):
[bookmark: _Hlk114772899]-	Only with (transmit and receive) EVM of 0%, MCS21 for 256QAM seems to win 64QAM in around 36 dB.
Note that the PN is challenging case at 39 GHz (n260), and due to small allocation, the number of PTRS symbols is quite low so even higher complexity ICI compensation would not really help here.
[bookmark: OLE_LINK8]5.2.2.3   Simulation results from LG Electronics [R4-2215920]
Table 2 shows the cross throughput point, where the cross throughput point indicates the SNR value at which the throughput of 64QAM and 256QAM is same, that is, after the corresponding SNR, the throughput of 256QAM is higher than 64QAM
Table 2 Cross throughput point (29 GHz and 48 GHz, CBW:100 MHz, EVM:Tx=Rx)
Referebce: MCS24(64QAM, PUSCH Table 1, OFDM)

	Propagation
MCS
Mode
	EVM: 2%
	EVM: 3%
	EVM: 3.5%

	
	29 GHz
	48 GHz
	29 GHz
	48 GHz
	29 GHz
	48 GHz

	TDL-A
MCS 21
(256 QAM, PDSCH Table 2, OFDM)
	24.5 dB
	N/A
	27 dB
	N/A
	30 dB
	N/A

	TDL-A
MCS 23
(256 QAM, PDSCH Table 2, OFDM)
	29 dB
	N/A
	N/A
	N/A
	N/A
	N/A

	TDL-D
MCS 21
(256 QAM, PDSCH Table 2, OFDM)
	18.5 dB
	30 dB
	20 dB
	N/A
	21 dB
	N/A

	TDL-D
MCS 23
(256 QAM, PDSCH Table 2, OFDM)
	23 dB
	N/A
	24.5 dB
	N/A
	27 dB
	N/A

	AWGN
MCS 21
(256 QAM, PDSCH Table 2, OFDM)
	16 dB
	22.5 dB
	16.5 dB
	24 dB
	17 dB
	27.5dB

	AWGN
MCS 23
(256 QAM, PDSCH Table 2, OFDM)
	19 dB
	N/A
	20 dB
	N/A
	21 dB
	N/A




29 GHz (n257), EVM(Tx=Rx):3.5%

	[image: ]
	[image: ]

	Fig1. Throughput performance between 256QAM and 64QAM in TDL-A
	Fig2. Throughput performance between 256QAM and 64QAM in TDL-D

	[image: ]

	Fig3. Throughput performance between 256QAM and 64QAM in AWGN



29 GHz (n257), EVM(Tx=Rx):3%
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	Fig4. Throughput performance between 256QAM and 64QAM in TDL-A
	Fig5. Throughput performance between 256QAM and 64QAM in TDL-D

	[image: ]

	Fig6. Throughput performance between 256QAM and 64QAM in AWGN



29 GHz (n257), EVM(Tx=Rx):2%
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	Fig7. Throughput performance between 256QAM and 64QAM in TDL-A
	Fig8. Throughput performance between 256QAM and 64QAM in TDL-D

	[image: ]

	Fig9. Throughput performance between 256QAM and 64QAM in AWGN



48 GHz (n262), EVM(Tx=Rx):3.5%
  
	[image: ]
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	Fig10. Throughput performance between 256QAM and 64QAM in TDL-A
	Fig11. Throughput performance between 256QAM and 64QAM in TDL-D

	[image: ]

	Fig12. Throughput performance between 256QAM and 64QAM in AWGN



48 GHz (n262), EVM(Tx=Rx):3%
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	Fig13. Throughput performance between 256QAM and 64QAM in TDL-A
	Fig14. Throughput performance between 256QAM and 64QAM in TDL-D

	[image: ]

	Fig15. Throughput performance between 256QAM and 64QAM in AWGN




48 GHz (n262), EVM(Tx=Rx):2%
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	Fig16. Throughput performance between 256QAM and 64QAM in TDL-A
	Fig17. Throughput performance between 256QAM and 64QAM in TDL-D

	[image: ]

	Fig18. Throughput performance between 256QAM and 64QAM in AWGN



From the simulation results, the followings are observed for UL 256QAM performance gain,
Observation1: In 29 GHz & TDL-A,
· There is the performance gain in MCS21 when EVM ≥ 3.0% 
· There is no performance gain in MCS23
Observation2: In 29 GHz & TDL-D
· There is the perfornace gain when EVM = 3.5%
Observation3: In 29 GHz & AWGN
· There is the perfornace gain at a relatively low SNR when EVM = 3.5%.
Observation4: In 48 GHz, 
· There is no performance gain in most cases

5.2.2.4   Simulation results from vivo [R4-2216128]
· 29 GHz
· TDL-A
[image: ]
[image: ]
· TDL-D
[image: ]
[image: ]

· AWGN
[image: ]
[image: ]
The simulation results above are summarized as follows.
Observation 1：The UL 256 QAM under 29 GHz can achieve performance gain at: 
	Tx_EVM = Rx_EVM =3%
	TDL-A
	TDL-D
	AWGN

	
	50 MHz
	100MHz
	50 MHz
	100MHz
	50 MHz
	100MHz

	DFT-s-OFDM
	22.0 dB
	22.8 dB
	20 dB
	21 dB
	18 dB
	19.2 dB

	CP-OFDM
	22.5 dB
	23.8 dB
	20.3 dB
	21.5 dB
	19.2 dB
	19.7 dB




	Tx_EVM = Rx_EVM =3.5%
	TDL-A
	TDL-D
	AWGN

	
	50 MHz
	100MHz
	50 MHz
	100MHz
	50 MHz
	100MHz

	DFT-s-OFDM
	22.2 dB
	23.1 dB
	20.3 dB
	21.2 dB
	18.5 dB
	19.5 dB

	CP-OFDM
	22.7 dB
	24 dB
	20.8 dB
	21.8 dB
	19.5 dB
	19.7 dB



	Tx_EVM = Rx_EVM =4%
	TDL-A
	TDL-D
	AWGN

	
	50 MHz
	100MHz
	50 MHz
	100MHz
	50 MHz
	100MHz

	DFT-s-OFDM
	22.9 dB
	23.5 dB
	20.6 dB
	21.5 dB
	19.2 dB
	19.7 dB

	CP-OFDM
	23.2 dB
	24.7 dB
	21.2 dB
	22 dB
	19.8 dB
	19.9 dB




· 39 GHz
· TDL-A
[image: ]
[image: ]
· TDL-D
[image: ]
[image: ]
· AWGN
[image: ]
[image: ]
Observation 2：The UL 256 QAM under 39 GHz can achieve performance gain at: 
	Tx_EVM = Rx_EVM =3%
	TDL-A
	TDL-D
	AWGN

	
	50 MHz
	100MHz
	50 MHz
	100MHz
	50 MHz
	100MHz

	DFT-s-OFDM
	24 dB
	27 dB
	22.3 dB
	25.8 dB
	19.9 dB
	22 dB

	CP-OFDM
	28 dB
	N/A
	24 dB
	N.A.
	21.5 dB
	26 dB




	Tx_EVM = Rx_EVM =3.5%
	TDL-A
	TDL-D
	AWGN

	
	50 MHz
	100MHz
	50 MHz
	100MHz
	50 MHz
	100MHz

	DFT-s-OFDM
	24.4 dB
	27.5 dB
	23 dB
	26 dB
	20 dB
	23 dB

	CP-OFDM
	29.2 dB
	N/A
	25 dB
	N.A.
	21.8 dB
	28 dB



	Tx_EVM = Rx_EVM =4%
	TDL-A
	TDL-D
	AWGN

	
	50 MHz
	100MHz
	50 MHz
	100MHz
	50 MHz
	100MHz

	DFT-s-OFDM
	24.8 dB
	28.2 dB
	23.3 dB
	28 dB
	20.3 dB
	23 dB

	CP-OFDM
	34 dB
	N/A
	25.8 dB
	N.A.
	22 dB
	30 dB




· 48 GHz
· TDL-A
[image: ]
[image: ]
· TDL-D
[image: ]
[image: ]

· AWGN

[image: ]
[image: ]
Observation 3：The UL 256 QAM is hard to bring performance gain under 48 GHz
5.2.2.5   Simulation results from Huawei [R4-2216245]
The link lever simulation results are shown in Figure 2-1, Figure 2-2 and Figure 2-3 for TDL-D in different frequency ranges. From the simulation results, it is shown that support 256 QAM can provide significant performance gain over 64QAM where the UE is in good propagation condition.

 Figure 2-1 Throughput comparison of 256QAM and 64QAM for RANK1_29 GHz


Figure 2-2 Throughput comparison of 256QAM and 64QAM for RANK1_39GHz


Figure 2-3 Throughput comparison of 256QAM and 64QAM for RANK1_48GHz
5.2.2.6   Simulation results from Sony [R4-2216251]
[bookmark: _Ref110949285]We performed simulations and compared the throughput between 64QAM and 256QAM for three different transmit and receive EVM values (3%, 3.5%, and 4%). TX EVM has been the same as RX EVM in each simulation. The simulations are done according to the agreed simulation assumptions [3]. Only Rank-1, and AWGN for 29 GHz, respectively 48 GHz, are simulated so far. 100MHz channel BW and no HARQ have been used. Phase noise is added according to option 2 in the simulation assumptions, i.e., example2, at both the UE and BS.
· 29 GHz
We performed simulations to address whether 256-QAM works in FR2-1 and to demonstrate its performance gain. The result is shown in Figure 1.
[image: ]
[bookmark: _Ref115364573]Figure 1 Throughput comparing 64QAM and 256QAM with AWGN for 29GHz, EVM 3%, 3.5% and 4%.
Figure 1 shows that throughput for 64QAM (red curve) has already saturated at an SNR level of 16dB. For 256QAM, SNR levels of 22 dB (EVM=3%), 23 dB (3.5%) and 24 dB (EVM=4%) are required to exceed the throughput performance of 64QAM. The simulations have been carried out with a simple receiver, and further studies of advanced receivers are needed to determine whether the above results could be improved.
[bookmark: _Ref115366368]Observation 1	For 256QAM to exceed throuput performance of 64QAM SNR levels of 22 dB (EVM=3%) to 24 dB (EVM=4%) are required.
5.2.2.7   Simulation results from Xiaomi [R4-2216350]
We compare the UL 256QAM and UL 64QAM performance under different channel conditions and carrier frequencies to determine whether UL 256QAM can provide gains over UL 64QAM for FR2-1. For all simulation, we assumed 50MHz channel bandwidth with 120kHz SCS and phase noise model of example2 (UE) + example2(BS) based on above simulation assumptions.
a) CP-OFDM
1) 29GHz
[image: ]
Figure 2.1-1 Throughput performance for 29GHz under AWGN, CP-OFDM

[image: ]
Figure 2.1-2 Throughput performance for 29GHz under TDL-D, CP-OFDM
[image: ]
Figure 2.1-3 Throughput performance for 29GHz under TDL-A, CP-OFDM


2) 39GHz
[image: ]
Figure 2.1-4 Throughput performance for 39GHz under AWGN, CP-OFDM
[image: ]
Figure 2.1-5 Throughput performance for 39GHz under TDL-D, CP-OFDM
[image: ]
Figure 2.1-6 Throughput performance for 39GHz under TDL-A, CP-OFDM
3) 48GHz
[image: ]
Figure 2.1-7 Throughput performance for 48GHz under AWGN, CP-OFDM
b) DFT-s-OFDM
1) 29GHz
[image: ]
Figure 2.1-8 Throughput performance for 29GHz under AWGN, DFT-s-OFDM
[image: ]
Figure 2.1-9 Throughput performance for 29GHz under TDL-D, DFT-s-OFDM

[image: ]
Figure 2.1-10 Throughput performance for 29GHz under TDL-A, DFT-s-OFDM

2) 39GHz
[image: ]
Figure 2.1-11 Throughput performance for 39GHz under AWGN, DFT-s-OFDM

[image: ]
Figure 2.1-12 Throughput performance for 39GHz under TDL-D, DFT-s-OFDM

[image: ]
[bookmark: OLE_LINK54]Figure 2.1-13 Throughput performance for 39GHz under TDL-A, DFT-s-OFDM


3) 48GHz
[image: ]
Figure 2.1-14 Throughput performance for 39GHz under TDL-A, DFT-s-OFDM

From the simulation results, table 2.1-1 summary the SNR required to achieve gains for 256QAM compare to 64QAM:
Table 2.1-1 UL 256QAM required SNR to achieve gains compare to 64QAM
	Parameters for UL 256QAM
	SNR required to achieve gains for 256QAM [dB]

	
	29GHz
	39GHz
	48GHz

	[bookmark: OLE_LINK3]Channel 
	MCS 
	3%+3%
	3.5%+3.5%
	4%+4%
	3%+3%
	3.5%+3.5%
	4%+4%
	3%+3%
	3.5%+3.5%
	4%+4%

	AWGN
1x2 RANK1
	MCS21
	CP-OFDM
	19.3
	19.5
	19.6
	20
	21.5
	22
	24
	25
	28

	
	
	DFT-OFDM
	19.3
	19.5
	19.6
	20.1
	21.1
	21.7
	22.5
	23.6
	25

	
	MCS23
	CP-OFDM
	23
	23.5
	25.5
	NA
	NA
	NA
	NA
	NA
	NA

	
	
	DFT-OFDM
	22.5
	23.5
	24.7
	NA
	NA
	NA
	NA
	NA
	NA

	TDL-D
2x2 RANK2
	MCS21
	CP-OFDM
	21.8 
	22.5
	23.1
	24.1
	25.2
	28
	-
	-
	-

	
	
	DFT-OFDM
	22 
	22.6
	23.3
	24.1
	25.7
	28
	-
	-
	-

	
	MCS23
	CP-OFDM
	25.8
	27.3
	NA
	NA
	NA
	NA
	
	
	

	
	
	DFT-OFDM
	25.7
	26.1
	28
	NA
	NA
	NA
	-
	-
	-

	TDL-A
2x2 RANK2
	MCS21
	CP-OFDM
	21.8
	22.7
	23.8
	25.2
	26.7
	NA
	-
	-
	-

	
	
	DFT-OFDM
	21.8
	22.7
	23.8
	NA
	NA
	NA
	-
	-
	-

	
	MCS23
	CP-OFDM
	26.5
	28
	NA
	NA
	NA
	NA
	-
	-
	-

	
	
	DFT-OFDM
	25.8
	27.5
	NA
	NA
	NA
	NA
	-
	-
	-

	- means the related simulations haven’t been done due to time limit.



Observation:
And it is shown that supporting UL 256 QAM can provide significant performance gain over UL 64QAM for 3.5% EVM. 
For AWGN channel with 3.5% Tx EVM+3.5% Rx EVM, a SNR of >19.5 dB is needed for 29GHz, a SNR of >21.1 dB is needed for 39GHz and a SNR of >23.6 dB is needed for 48GHz.
For TDL-A and TDL-D fading channel with 3.5% Tx EVM+3.5% Rx EVM, a SNR of >22.5 dB is needed for 29GHz, a SNR of >25.2 dB is needed for 39GHz, due to lime limit, the related simulation for 48GHz haven’t been done.
5.2.2.8   Simulation results from ZTE [R4-2216426]
To study the gain and operating SNR, link level simulation approach was adopted to compare 256QAM with 64QAM. The simulation assumptions are from [2] as listed in Annex A1, and the parameters used in this simulation are marked in red. The throughput curves for CP-OFDM Rank1 transmission are listed in figure A.1~ figure A.9 in Annex for reference.

[image: ]
Figure A.1: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @29GHz AWGN channel
[image: ]
Figure A.2: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @29GHz TDLD channel
[image: ]
Figure A.3: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @29GHz TDLA channel
[image: ]
Figure A.4: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @39GHz AWGN channel
[image: ]
Figure A.5: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @39GHz TDLD channel
[image: ]
Figure A.6: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @39GHz TDLA channel
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Figure A.7: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @48GHz AWGN channel
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Figure A.8: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @48GHz TDLD channel
[image: ]
Figure A.9: Throughput performance comparison between FR2 UL 256QAM and FR2 UL 64QAM @48GHz TDLA channel
The target SNR values are summarized in table 1, where “-” means that 256QAM can not provide better performance in the given SNR range compared to 64QAM.
Table 1. Target SNR for CP-OFDM, Rank 1 transmission
	index
	frequency
	Channel
	Test setup (64QAM/256QAM)

	Target SNR

	
	
	
	
	EVM 3.0+3.0
	EVM 3.5+3.5
	EVM 4.0+4.0

	1
	29GHz
	AWGN
	MCS23/21  
	21.31
	21.71
	22.19

	2
	
	
	MCS24/23
	25.92
	27.66
	31.06

	3
	
	TDL-D
	MCS23/21
	23.42
	23.73
	24.16

	4
	
	
	MCS24/23
	28.44
	30.10
	34.28

	5
	
	TDL-A
	MCS23/21
	25.90
	26.45
	27.23

	6
	
	
	MCS24/23
	31.49
	34.31
	-

	7
	39GHz
	AWGN
	MCS23/21  
	21.28
	21.64
	21.95

	8
	
	
	MCS24/23
	25.86
	27.64
	30.62

	9
	
	TDL-D
	MCS23/21
	26.36
	27.50
	29.23

	10
	
	
	MCS24/23
	-
	-
	-

	11
	
	TDL-A
	MCS23/21
	30.48
	32.35
	36.62

	12
	
	
	MCS24/23
	-
	-
	-

	13
	48GHz
	AWGN
	MCS23/21  
	-
	-
	-

	14
	
	
	MCS24/23
	-
	-
	-

	15
	
	TDL-D
	MCS23/21
	-
	-
	-

	16
	
	
	MCS24/23
	-
	-
	-

	17
	
	TDL-A
	MCS23/21
	-
	-
	-

	18
	
	
	MCS24/23
	-
	-
	-


Based on the simulation results, the following observations are given:
[bookmark: OLE_LINK11]Observation 1: For 29GHz:
256QAM performance gain can be expected in the following cases:
· AWGN and TDL-D channel, 
· TDL-A channel when MCS21(256QAM)/MCS23(64QAM) are selected, 
· TDL-A channel when MCS23(256QAM)/MCS24(64QAM) and EVM3.0+3.0 or EVM3.5+3.5 are selected
[bookmark: OLE_LINK14]However, 256QAM performance gain can not be expected in the following cases:
· TDL-A channel when MCS23(256QAM)/MCS24(64QAM) and EVM4.0+4.0 are selected. 
[bookmark: OLE_LINK16]Observation 2: For 39GHz:
256QAM performance gain can be expected in the following cases:
· AWGN
· TDL-D and TDL-A channel when MCS21(256QAM)/MCS23(64QAM) are selected
However, 256QAM performance gain can not be expected in the following cases:
· TDL-D and TDL-A channel when MCS23(256QAM)/MCS24(64QAM) are selected.
For 48GHz, using the same phase noise model, the phase noise becomes larger as frequency increases.
Observation 3: For 48GHz:
256QAM performance gain can not be expected for AWGN, TDL-D and TDL-A channel for all the MCS.
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29GHz TDL-D, FR2, CBW 50MHz, 120kHz, 2x2 Rank 1, option d

256QAM711 EVM3%	19	20	21	22	23	24	25	26	27	28	141.97	157.75	173.52	186.84	195.24	200.77	203.84	204.25	256QAM711 EVM4%	19	20	21	22	23	24	25	26	27	28	132.55000000000001	150.97999999999999	165.12	176.39	188.07	195.44	200.77	202.82	64QAM719EVM3 %	15	16	17	18	19	20	21	129.55000000000001	140.30000000000001	148.55000000000001	153.22	155.56	155.71	155.71	64QAM719 EVM3.5 %	16	17	18	19	20	21	22	139.66999999999999	147.46	152.91	155.24	155.71	155.71	155.71	64QAM719 EVM4%	16	17	18	19	20	21	22	139.21	147.30000000000001	152.75	154.93	155.71	155.71	155.71	256QAM711 EVM3.5%	19	20	21	22	23	24	25	26	137.22	154.36000000000001	169.25	182.43	192.3	197.88	202.2	203.03	SNR
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39GHz TDL-D, FR2, CBW 50MHz, 120kHz, 2x2 Rank 1, option d

256QAM711 EVM3%	20	21	22	23	24	25	26	27	28	29	30	145.44999999999999	159.79	174.13	186.02	193.8	198.92	202.82	203.63	204.04	204.45	204.45	256QAM711 EVM3.5%	20	21	22	23	24	25	26	27	28	29	30	139.72	155.9	168.81	179.46	189.91	196.87	200.56	202.82	203.63	204.04	204.04	256QAM711 EVM4%	20	21	22	23	24	25	26	27	28	29	30	134.38999999999999	152.21	163.47999999999999	175.16	185.2	192.98	197.69	200.56	202.61	202.82	203.63	64QAM719EVM3 %	15	16	17	18	19	20	21	22	23	126.91	137.96	147.30000000000001	152.44	154.78	155.71	155.71	155.71	155.71	64QAM719 EVM3.5 %	15	16	17	18	19	20	21	22	23	24	125.5	137.65	146.52000000000001	151.82	154.62	155.56	155.71	155.71	155.71	64QAM719 EVM4%	15	16	17	18	19	20	24	25	26	27	124.98	135.94	146.21	151.35	154.47	155.56	155.71	155.71	155.71	155.71	SNR


Throughput(Mbps)




48GHz TDL-D, FR2, CBW 50MHz, 120kHz, 2x2 Rank 1, option d

256QAM711 EVM3%	20	21	22	23	24	25	26	27	28	29	30	122.3	137.05000000000001	152.01	164.1	174.13	181.3	188.07	193.6	195.85	197.69	197.69	256QAM711 EVM3.5%	20	21	22	23	24	25	26	27	28	29	30	116.57	134.38999999999999	147.5	160.61000000000001	168.19	176.18	183.15	186.84	193.6	193.6	194.42	256QAM711 EVM4%	20	21	22	23	24	25	26	27	28	29	30	114.31	126.4	142.59	153.03	162.87	170.86	176.39	183.15	186.43	187.45	188.47	64QAM719EVM3 %	15	16	17	18	19	20	21	22	23	24	25	122.23	133.76	143.88	150.41999999999999	154	155.4	155.71	155.71	155.71	155.71	155.71	64QAM719 EVM3.5 %	15	16	17	18	19	20	21	64QAM719 EVM4%	15	16	17	18	19	20	21	120.52	131.41999999999999	141.54	148.84	153.53	154.93	155.56	SNR
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