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[bookmark: _Hlk145524004]Introduction
The last meeting (RAN4#108b) was the first time Network energy savings for NR were treated in the demodulation performance session. Overall companies brought proposals in three main categories [1]:
· PDSCH requirements for SSB-less Scell operation.
· PDSCH requirements for enhancement on cell DTX/DRX mechanism.
· [bookmark: _Hlk149508424]CSI requirements for spatial and power domain techniques.
Ultimately the DTX/DRX mechanisms were agreed to not have new requirements defined. The other two categories remain under discussion and will be discussed in this contribution.


Discussion
SSB-less SCell operation (PDSCH)
Specification of SSB-less SCell operation for inter-band CA for FR1 and co-located cells was discussed at length in RAN4 RRM and found to be feasible in, at least, in scenarios with maximum receive time difference (MRTD) of less than CP length between SSB in the PCell and the corresponding resource grid in the SSB-less SCell [2].
In RAN4#108b, Nokia brought forward to main concerns on the demodulation performance in the SSB-less SCell:
(1) Demod performance in multipath channels with RTD/time offset (TO) close to CP.
(2) TRS based time (& frequency) synchronization performance, when used initial TO (&FO) estimate from PCell is wrong on the order of one CP.


Concerning (1), demod performance in multipath channels:
It is known that an RTD/TO that is close to the CP length will necessarily push most paths of a multipath channel model outside of the CP, and thus, signal energy is lost and inter symbol interference is caused. Hence, the demodulation performance of Rel-15 CA and Rel-18 SSB-less Scell CA will be quite different, unless TRS based TO estimation/compensation (TOE/TOC) is employed and functioning in the Rel-18 case.	
In our companion contribution [3], we have quantified the performance difference, when using only DM-RS based TOE/TOC without TRS based methods and setting a FFTwindow shift target of 0.5*CP, as follows:
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Figure 1: Performance of SSB-less SCell for differing TO/RTD in multipath fading (TDLC300-100), when only DM-RS based Rel-15 compliant TOE/TOC is used.
Note: Due to a temporary misconfiguration, the results presented here are with HARQ=off. We will update results during the meeting.
The TO=0 graphs pertain to Rel-15 CA performance, while the TO~= CP graphs pertain to Rel-18 SSB-less SCell performance. The later show non-acceptable performance.	
Note that DM-RS based TOE/TOC is commonly enabled, but usually only functional within TO=+/- 0.5*CP (exact range depending on FFTshift target), hence the initial and continued SSB/TRS tracking based TOE/TOC is additionally impacting demodulation performance for larger TOs, i.e., when RTD >+/-0.5*CP.

This leads us to the following observations:
The demodulator implementation to conform to Rel-15 CA can be built on SSB and DM-RS TOE/TOC, while the Rel-18 SSB-less Scell CA demodulator implementation needs to implementation TRS based TOE/TOC to achieve comparable performance (assuming the TRS TOE is correct, which is not necessarily correct).
We note that this first observation assumes the usage of a TRS based timing offset estimation algorithm that is still functional in the circumstance described later (2).
Using Rel-15 compliant demodulator implementations, based on Pcell SSB TOE/TOC results, for Rel-18 SSB-less Scells results in poor performance, much below acceptable operating points for deployment of the feature.


Concerning (2), TRS based time (& frequency) synchronization performance:
During the last meeting, several offline discussions has been had concerning the viability of Rel-15 compliant TRS based TOE algorithms, when the initial timing estimate to demodulate the SCell is off by up to one CP.
It was also discussed that TRS based synchronization is likely somewhat robust for TO errors, but rather sensitive to frequency offset (FO) errors. Unfortunately, RF/RRM did not specify any FO between PCell and SCell, so it may be difficult to agree in demod now, even though this performance impact may be even more important. Hence, we will focus on TOC/TOE in this contribution.
Using some back-of-the-envelope calculations, we can upper bound the TO robustness of a basic Rel-15 TRS sequence correlation-based receiver implementation to be TO_max = +/- 1.78*CP:
Assuming 30kHZ SCS and TRS density=3 (i.e., every 4th SCS), once TO is larger than T_symb_OFDM/4 =8.33us, we start to fully alias in the TRS sequence. Assuming further 100MHz CBW and CP=288T_sample, this translates to TO_max = +/- 1.78*CP.
However, when trying to confirm the above calculations for multi-path channels (TDLC300-100) using a Rel-15 compliant TRS based TOE algorithm, it has been found that the realistic initial TO tolerance of the algorithm is rather on the order of magnitude of TO_max = +/- 1.1*CP [3], which is rather close to the 1*CP RTD that we assume in SSB-less Scell. 
Additionally, our analysis was done with a FFT window alignment to the start of the CP. If this target is shifted to the middle of the CP, the TO_max would be [-0.6, 1.6]*CP, which means that a TO=-RTD will cause significant TOE inaccuracy, when using TRS.
[image: ]
Figure 1: 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). 
FFTwindow shift target = start of CP.
Hence the observation:
A practical Rel-15 compliant TRS based TOE algorithm has a realistic initial TO tolerance on the order of magnitude of RTD_max=TO_max = +/- 1.1*CP, which will shift based on FFT window alignment with CP.


Combining (1) and (2)
From (1) and (2) we see that, either a new demodulator implementation is needed to achieve Rel-15 CA comparable performance, or RAN4 needs to decide if the observed performance loss is still resulting in a practical operating point of the SSB-less SCell feature.
RAN4 shall evaluate the performance of SSB-less SCells CA performance with Rel-15 compliant demodulator implementation (without TRS based TOE) and decide, if the observed performance constitutes a practical operating point of the feature, or if new requirements capturing improved demodulator implementations are needed, or if SSB-less SCell compliant UE shall be tested with normal CA requirements.

[bookmark: _Hlk149568899]To carry out this evaluation, we propose the following system setup (see Table 1), which is intended to follow the standard Rel-15 CA settings, but without SSB in SCell, a reasonable TRS setting for SCell (also the standard common parameter one), priority for 40MHz, 2x2 antenna configuration, and TDLC300-100 + TDLA30-10.
[bookmark: _Ref149746796]Table 1: Proposed PDSCH SSB-less SCell CA evaluation setup
	Parameter
	Unit
	Value

	Duplex mode
	
	TDD

	Active DL BWP index
	
	1

	Channel model
	
	{TDLC300-100, TDLA30-10}

	Antenna configuration
	
	2x2, ULA Low

	KPI: Fraction of maximum throughput (%) in Scell
	
	70

	SCS/CBW
	
	30kHz/40MHz

	MCS
	
	16QAM, 0.48

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

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	TDD: Specific to each Reference channel with goal of 12.

	
	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

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

	[bookmark: OLE_LINK12]The number of slots between PDSCH and corresponding HARQ-ACK information
	
	{8,7,6,5,5,4,3,2}

	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
	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

	
	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





Spatial and power domain techniques (CSI)
Spatial and power domain techniques are providing the network with assistance information, in forms of CSIs provided by the UE(s), to enable the network to decide a suitable spatial pattern and/or power level for DL data transmissions.
RAN1 and RAN2 have not yet fully completed the sub-configuration specification, but discussions point towards re-using the legacy reports and meanings, just >= one CSI hypothesis, for >= one sub-configuration, per one reportConfigId/CSI report is possible. Each of these sub-configurations will have a separate ID.

As the new sub-configuration each have a legacy interpretation, we don’t see a demodulation performance impact, and so the legacy reporting requirements shall apply for each.
RAN4 shall not introduce CSI requirements for spatial and power domain techniques.


Conclusion
Within this contribution we discuss the demodulation requirements for Network energy savings for NR. 
Specifically, in the paper, the following Observations and Proposals were made:

SSB-less SCell operation (PDSCH)
1. The demodulator implementation to conform to Rel-15 CA can be built on SSB and DM-RS TOE/TOC, while the Rel-18 SSB-less Scell CA demodulator implementation needs to implementation TRS based TOE/TOC to achieve comparable performance (assuming the TRS TOE is correct, which is not necessarily correct).
Using Rel-15 compliant demodulator implementations, based on Pcell SSB TOE/TOC results, for Rel-18 SSB-less Scells results in poor performance, much below acceptable operating points for deployment of the feature.
A practical Rel-15 compliant TRS based TOE algorithm has a realistic initial TO tolerance on the order of magnitude of RTD_max=TO_max = +/- 1.1*CP.
1. RAN4 shall evaluate the performance of SSB-less SCells CA performance with Rel-15 compliant demodulator implementation (without TRS based TOE) and decide, if the observed performance constitutes a practical operating point of the feature, or if new requirements capturing improved demodulator implementations are needed, or if SSB-less SCell compliant UE shall be tested with normal CA requirements.

Spatial and power domain techniques (CSI)
RAN4 shall not introduce CSI requirements for spatial and power domain techniques.
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