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In RAN4#110 the participants agreed to evaluate the PDSCH performance of SSB-less SCells CA under specific simulation assumptions [1].
The following abbreviations are commonly used in the following:
· TO: Timing offset
· TOE: TO estimation
· TOC: TO compensation
· FD: Frequency domain
· TD: Time domain
· FDRA: Frequency domain resource allocation.
· RTD: Receive time difference
In this contribution we will provide updated simulation results for alignment and legacy simulation results for references, concerning PDSCH requirements for SSB-less Scell operation.

New aligned simulations
PDSCH performance
Common simulation assumptions
Following [1]:
Table 1: Proposed PDSCH SSB-less SCell FR1 inter-band CA test setup, based on legacy CA demodulation testing
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	Channel model
	
	{TDLA30-10}

	Antenna configuration
	
	2x2, ULA Low

	Fraction of maximum throughput (%)
	
	70
(Only SCell measured)

	SCS/CBW
	
	30kHz/40MHz (106 PRB)

	MCS
	
	{16QAM, 0.48 (MCS13)}

	Channel estimation
	
	DM-RS based: non-ideal/practical

	TO Estimation & Compensation
	
	As per implementation

	TO 
	
	{-0.9, -0.4, 0, 0.4, 0.9} CP

	FFT window shift target
	
	{As per implementation}

	SSB/TRS
	
	PCell: SSB and TRS (optional)
SCell: TRS only

	Precoder
	
	Single Panel Type I; Randomized precoder selection for every PRB bundle and updated per slot, with equal probability of each applicable i1/i2 combination or codebook index, chosen from section 5.2.2.2.1 of TS 38.214

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	Fill remaining DL symbols in the slot.
12 in normal DL slot
4 in special slot

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	
	Antenna ports
	
	{1000}

	Number of HARQ Processes
	
	8

	Maximum number of HARQ transmissions
	
	4

	TDD UL-DL pattern
	
	[30kHz SCS: FR1.30-1]

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=0 for CSI-RS resource 1,2,3,4

	
	First OFDM symbol in the PRB used for CSI-RS 
	
	 l0 = 6 for CSI-RS resource 1 and 3
l0 = 10 for CSI-RS resource 2 and 4

	
	Number of CSI-RS ports (X)
	
	1 for CSI-RS resource 1,2,3,4

	
	CDM Type
	
	'No CDM’ for CSI-RS resource 1,2,3,4

	
	Density (ρ)
	
	3 for CSI-RS resource 1,2,3,4

	
	CSI-RS periodicity
	Slots
	30 kHz SCS: 40 for CSI-RS resource 1,2,3,4

	
	CSI-RS offset
	Slots
	30 kHz SCS:
20 for CSI-RS resource 1 and 2
21 for CSI-RS resource 3 and 4

	
	Frequency Occupation
	
	Start PRB 0
Number of PRB = ceil(BWP size/4)*4



Additional simulation setup clarifications
RTD
The RTD in the simulations is defined as a fixed TO between the first (model) tap of the fading models. There may be small deviation due to the random channel realization used to create the Doppler spectrum.
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Figure 1: RTD definition in fading channel [1].

FFTwindow/TO_target
In RAN4 BS demod specifications, the FFT window shift target is commonly assumed to be 0.5CP.
While the UE demod specifications do not detail such assumptions, we have used the 0.5CP FFT window shift target also for the UE control loop implementation.

Control loop / TOC loop and RTD
The intent of the SSBless SCell feature is to be able to work in situations with RTD between the two cells being up to 1 CP [2]. 	
It is due to test setup and modelling limitations that RAN4 DMD equates RTD to a fixed TO. In the spirit of the feature a successful demodulation shall be possible for any TO, changing “erratically” due to small scale effects, but within the RTD. I.e., a more realistic way to model RTD would have been to toggle TO between +/- max RTD, or to define a random process for the TO.
As such, we see it as unfitting to use TOE/TOC control loops over long periods, as in reality the TO is a moving target and not a fixed value that can be slowly crept upon.	
We, thus, limited our TOE/TOC to a 2-step process. The UE may use TRS to get a “rough” TO estimate. In the data slot, the rough TOE is compensated, and DM-RS may be used for an additional TOE/TOC step.	
If demodulation fails, the “2-step” control loop is reset.
However, doing an “infinite-step” control loop can still fail. If the initial TO is large enough (which also interacts with the FFT window shift) the TRS based TOE will degrade time alignment instead of improving. Hence, the control loop diverges.

TOC implementation
We distinguish two/three big groups of TOC implementation:
a) Slot based, 
a. frequency domain.
b. time domain.
b) Sample buffer, time domain.
Both (a) versions are often used as a baseline, as their implementations require relatively little complexity, they are “one shot, and they need a relatively small sample buffer. In the frequency domain version, the phase ramp of the samples is corrected in FD. Performance is indistinguishable from higher complexity methods for low TO (as in Rel-15 CA requirements), but for high TO situations the performance of low complexity, slot-based processing degrades quickly.
This is not surprising, as slot-based methods have already incurred significant signal degradation due to missing signal samples (only ~N_FFT samples are saved, but they didn’t match the actual symbol) and ISI/ICI, when the TOC is applied to the samples.
For this simulation campaign, we have studied two TOC implementations:
· Slot based, frequency domain (FD)
· Sample buffer based, time domain (TD)

Simulation results (new)

Slot based TOC processing, frequency domain (FD)
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Figure 2: PDSCH performance of SSB-less SCells in aligned test setup (slot-based TOC implementation).


Sample buffer based TOC processing, time domain (TD)
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Figure 3: PDSCH performance of SSB-less SCells in aligned test setup (sample buffer-based TOC implementation).





Legacy Simulations
PDSCH performance
Simulation setup

Table 2: Proposed PDSCH SSB-less SCell CA test setup
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	Channel model
	
	{TDLC300-100, TDLA30-10}

	Antenna configuration
	
	2x2, ULA Low

	Fraction of maximum throughput (%)
	
	70 (Scell only)

	SCS/CBW
	
	30kHz/40MHz (106 PRB)

	MCS
	
	16QAM, 0.48

	Channel estimation
	
	DM-RS based: non-ideal/practical

	TO Estimation & Compensation
	
	{DM-RS based TOE/TOC, 
TRS based TOE/TOC}

Frequency domain and time domain implementation.

	SSB/TRS
	
	PCell: SSB and TRS (optional)
SCell: TRS only

	Precoder
	
	Random from TPMI index [0-5]

	FFTwindow shift target
	
	0.5CP

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	TDD: Specific to each Reference channel
Fill remaining DL symbols in the slot.

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	
	Antenna ports
	
	{1000}

	Number of HARQ Processes
	
	8

	Maximum number of HARQ transmissions
	
	4

	TDD UL-DL pattern
	
	30kHz SCS: FR1.30-1

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	

	PUCCH format for HARQ-ACK feedback
	
	PUCCH format 1 for cases where the number of ACK/NACK to be transmitted on single PUCCH is 2 or less.
PUCCH format 3 for cases where the number of ACK/NACK to be transmitted on single PUCCH is more than 2.

	CSI-RS for tracking
	First subcarrier index in the PRB used for CSI-RS 
	
	k0=0 for CSI-RS resource 1,2,3,4

	
	First OFDM symbol in the PRB used for CSI-RS 
	
	 l0 = 6 for CSI-RS resource 1 and 3
l0 = 10 for CSI-RS resource 2 and 4

	
	Number of CSI-RS ports (X)
	
	1 for CSI-RS resource 1,2,3,4

	
	CDM Type
	
	'No CDM’ for CSI-RS resource 1,2,3,4

	
	Density (ρ)
	
	3 for CSI-RS resource 1,2,3,4

	
	CSI-RS periodicity
	Slots
	15 kHz SCS: 20 for CSI-RS resource 1,2,3,4
30 kHz SCS: 40 for CSI-RS resource 1,2,3,4

	
	CSI-RS offset
	Slots
	15 kHz SCS:
10 for CSI-RS resource 1 and 2
11 for CSI-RS resource 3 and 4

30 kHz SCS:
20 for CSI-RS resource 1 and 2
21 for CSI-RS resource 3 and 4

	
	Frequency Occupation
	
	Start PRB 0
Number of PRB = ceil(BWP size/4)*4

	
	QCL info
	
	TCI state #0

	TCI state #0
	Type 1 QCL information 
	SSB index
	
	SSB #0

	
	
	QCL Type
	
	Type C

	
	Type 2 QCL information
	SSB index
	
	N/A

	
	
	QCL Type
	
	N/A



Results

TDLC300-100, DM-RS based TOE
	TOC Slot based (FD), TOE DM-RS based:
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	TOC Slot based (TD), TOE DM-RS based:
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	TOC Sample buffer (TD), TOE DM-RS based:
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[bookmark: _Ref159242781]Figure 4: TDLC300-100, DMRS based TOE.

TDLA30-10, DM-RS based TOE
	TOC Slot based (FD), TOE DM-RS based:
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	TOC Slot based (TD), TOE DM-RS based:

	-
	-

	TOC Sample buffer (TD), TOE DM-RS based:
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Figure 5: TDLA30-10, DMRS based TOE.


TDLC300-100, TRS based TOE
	TOC Slot based (FD), TOE DM-RS based:

	-
	-

	TOC Slot based (TD), TOE DM-RS based:

	-
	-

	TOC Sample buffer (TD), TOE DM-RS based:
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Figure 6: TDLC300-100, TRS based TOE.

TDLA30-10, TRS based TOE
	TOC Slot based (FD), TOE DM-RS based:

	-
	-

	TOC Slot based (TD), TOE DM-RS based:

	-
	-

	TOC Sample buffer (TD), TOE DM-RS based:
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Figure 7: TDLA30-10, TRS based TOE.



TRS based TOE performance
Simulation setup

Table 3: Proposed PDSCH SSB-less SCell CA test setup
	Parameter
	Value

	SNR operating point
	60dB

	Channel model
	AWGN / TDLC300-100

	SCS and CBW
	30kHz and 100MHz

	Antenna configuration
	4Tx and 1Rx

	TRS configuration
	density = 3, 
FDRA= 52RBs, 
port number=3000

	TO Estimation 
	TRS based only

	FFTwindow shift target
	Start of CP



Results
In multipath TDLC300-100:

[image: ]
Figure 8: TOE vs TO_real of a Rel-15 compliant TRS based TOE algorithm.
The x-axis is the time offset/initial timing error that we set, i.e., the RTD.
The y-axis is the average TO estimated by a Rel-15 compliant TRS based algorithm, expressed in sample/chip time units (with 288T_c=1CP).


In AWGN:
[image: ]
Figure 9: TOE vs TO_real of a Rel-15 compliant TRS based TOE algorithm.
The x-axis is the time offset/initial timing error that we set, i.e., the RTD.
The y-axis is the average TO estimated by a Rel-15 compliant TRS based algorithm, expressed in sample/chip time units (with 288T_c=1CP).

Conclusion
Within this contribution we have provided simulation results concerning PDSCH requirements for SSB-less Scell operation, which will be used in our companion discussion contribution.
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