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[bookmark: _Hlk145524004]Introduction
The last meeting (RAN4#109) was the second time Network energy savings for NR were treated in the demodulation performance session. Despite not all stakeholders being able to participate f2f, only two main categories remain open [1]:
· PDSCH requirements for SSB-less Scell operation.
· [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)
Performance with Rel-15 CA TO adapted algorithms
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 our last contributions we highlighted issues with both the capture range of TRS based time (& frequency) synchronization algorithm, and the demodulation performance in multipath channels with DM-RS based demodulation, due to the RTD/TO of one CP [3][4]:
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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.
(HARQ issue from RAN4#109 fixed.)
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TOE vs TO_real of, a Rel-15 compliant, TRS based TOE algorithm.
The x-axis is timing error, i.e., the RTD.
The y-axis is the average TO estimated (with 288Tc=1CP).


Figure 1: Performance impact of RTD/TO on PDSCH in SSB-less SCell operation.
Note: The performance scales asymmetrically w.r.t. positive or negative TO, due to (a) multipath channel having taps only in “positive time direction”, and (b) the FFTwindow shift target in RAN4 is assumed to be the middle of the CP.
The figures here are for TDLC300-100. Additional simulations with TDLA30-10, which are given in [5], show the same trends and insights, albeit that the “less spread-out paths” are moving the degradation starting point closer to the theoretical best case of +0.5CP TO.

This leads us to the following observations:
A demodulator implementation conforming to Rel-15 CA requirements, can be built using SSB and DM-RS TOE/TOC, while the Rel-18 SSB-less Scell CA demodulator implementation needs to use TRS and DM-RS based TOE/TOC to achieve comparable performance.
We note that this first observation assumes the usage of a TRS based timing offset estimation algorithm that is still functional, i.e., has sufficient capture range, to work under the given RTD/TO, or to do all TOE based on DM-RS (which has a larger capture range).
Using Rel-15 compliant demodulator implementations, with TOE/TOC based on PCell SSB, in Rel-18 SSB-less SCells, results in poor performance; much below acceptable operating points for deployment of the feature.
Furthermore, demodulation success cannot be assumed up to the MRTD and fails out around 0.5CP, which is expected given usual FFTwindow shift targets.

Performance with different algorithms and architectures
Since the last meeting, we have repeated the demodulation performance analysis of high TO error scenarios, i.e., SSBless SCell use cases, with several demodulator implementations; all of them Rel-15 performance requirement conforming [5].

TOE
Correct TO estimation was found to be feasible, functional, and performing to SSB based methods, assuming using viable reference signals, in all common implementations (e.g., time-domain correlation peak detection, or frequency-domain correlation phase detection). 
While TRS based TO estimation fails at ~[-0.6, +1.6] CP TO, in TDLC, it is possible to use DM-RS based TO estimation, which works up to ~[-2.1, +3.1] CP TO. Additionally, more complex algorithms utilizing both in conjunction and optimized configurations.
I.e., the needed TOE capture range may be achieved in a demod performance transparent way.
The required TOE capture range for the SSB-less SCell, may be achieved in a demod performance transparent way. However, a Rel-15 requirements compliant implementation does not necessitate such an extended capture range implementation.
However, the same cannot be said for TO compensation (TOC).

TOC
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 high TO situations the performance of low complexity, slot-based processing, degrades quickly.

Implementation (b) is of higher complexity and memory requirement, as it is a two (or more) step process, where a first of samples is used for TOE and then another set of samples is retrieved from the receive sample buffers, which align with the TOC. However, this implementation’s TOC capabilities are only limited by the receiver sample butter length, and the capture range of the used TOE (and the samples chosen for TOE).
For high TO situations the performance of higher complexity, sample buffer-based processing, degrades minorly, until the TOE capture range limit is reached.

We show the performance curves for all implementations, for both TDLC and TDLA and non-DM-RS based TOE, in [5]. But the above observations are quickly highlighted in Figure 2.
	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 2: Performance impact of RTD/TO on PDSCH in SSB-less SCell operation according to TOC method.
DM-RS based TOE only. TDLC300-100 example only.

Sidenote: TO impact and TOC implementation performance concerns were previously discussed in the BS demodulation session for NR_2step_RACH (Rel-16). In 2SR, the UL data (msg3) needs to be demodulated without a valid timing advance (TA/TAC), i.e., TOE needed to be based on DM-RS and the implementation of TOC, led to the same performance degradation observations and implementation considerations as we highlighted here.

Due to this observed performance impact caused by the implementation of the demodulator in the new SSBless SCell use case, we now propose the following.
RAN4 shall evaluate the performance of SSB-less SCells CA performance with Rel-15 compliant demodulator implementations and decide, if the observed performance constitutes a practical operating point of the feature, or if new requirements that capture improved demodulator implementations are needed, or if SSB-less SCell compliant UE shall be tested with normal CA requirements.

In our opinion a “practical operating point of the SSBless SCell feature” can be found at TO=0.4CP, where both slot and buffer-based TOC implementations are performing as intended. This practical limitation of the feature shall be captured in corresponding performance requirements.
RAN4 shall define SSBless SCell PDSCH performance requirements for the case of TO=0.4CP, with fading channel, with TRS configured/sent, but without SSB transmission in the RMC.


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. A demodulator implementation conforming to Rel-15 CA requirements, can be built using SSB and DM-RS TOE/TOC, while the Rel-18 SSB-less Scell CA demodulator implementation needs to use TRS and DM-RS based TOE/TOC to achieve comparable performance.
1. Using Rel-15 compliant demodulator implementations, with TOE/TOC based on PCell SSB, in Rel-18 SSB-less SCells, results in poor performance; much below acceptable operating points for deployment of the feature.
Furthermore, demodulation success cannot be assumed up to the MRTD and fails out around 0.5CP, which is expected given usual FFTwindow shift targets.
1. The required TOE capture range for the SSB-less SCell, may be achieved in a demod performance transparent way. However, a Rel-15 requirements compliant implementation does not necessitate such an extended capture range implementation.
1. For high TO situations the performance of low complexity, slot-based processing, degrades quickly.
1. For high TO situations the performance of higher complexity, sample buffer-based processing, degrades minorly, until the TOE capture range limit is reached.
1. RAN4 shall evaluate the performance of SSB-less SCells CA performance with Rel-15 compliant demodulator implementations and decide, if the observed performance constitutes a practical operating point of the feature, or if new requirements that capture improved demodulator implementations are needed, or if SSB-less SCell compliant UE shall be tested with normal CA requirements.
1. RAN4 shall define SSBless SCell PDSCH performance requirements for the case of TO=0.4CP, with fading channel, with TRS configured/sent, but without SSB transmission in the RMC.

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