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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].	
It is also notable that “CSI requirements for spatial and power domain techniques” have been agreed to not be further pursued in the last meeting, as was the case for DTX/DRX mechanisms before.
Hence this tdoc discussed our findings and proposals concerning PDSCH requirements for SSB-less SCell operation.
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

Discussion on SSB-less SCell operation (PDSCH)
Non-SSB based TOE concerns
In the last meeting, we have presented [4] our concerns with respect to the maximum TO/RTD that can be supported by Rel-15 compliant demodulation algorithms, if they are directly applied to SSBless SCells. In particular, we argued that most algorithms do not perform well enough with the max RTD of 1*CP, that is assumed in this feature [2].	
We re-state the technical concerns in the following diagram:
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Figure 1: Performance impact of RTD/TO on TRS based TOE.
In other words: Since TRS is a “demodulated” reference signal that relies on RE grid sync, and the initial SCell slot needs to be processed with PCell timing (SSB based), any TRS based SCell TOE will have performance degradation due to effective TO (RTD+FFT window shift) and multi-path fading induced inter symbol interference (ISI).	
At least this holds true for some combination of RTD, FFT window shift, and fading taps.
Also note that in RAN4 BS demod specifications, the FFT window shift target is commonly assumed to be 0.5CP, while UE demod specifications have yet to make a statement concerning FFT window shift/target assumptions.
More details on potential implementation choices can be found in our companion simulation tdoc [3] and [4].

Numeric evaluation
To evaluate the impact of the concerns highlighted in the last section, RAN4#110 agreed to run an aligned simulation campaign. The exact simulation setup, implementation assumptions, and our results can be found in our companion simulation tdoc [3].
However, we observed the non-SSB based TOE degradation effect in slot based TOE/TOC processing:
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Figure 2: PDSCH performance of SSB-less SCells in aligned test setup (slot-based TOC implementation).

We observe that “-” 0.9* CP TO can be tolerated, but “+” 0.9* CP TO diverges the TOE/TOC loop.
Of the verified TO cases (-90,-40,0, 40, 90% of CP), 90% CP cannot achieve 70%TPUT, with Rel-15 compliant demodulation algorithms.

We note that fine TOE can either be TRS or DM-RS based.	
With slot-based processing, both methods exhibit degradation from 90% CP.	
With sample buffer-based processing, degradation is seen beyond 130% CP for TRS and 250% CP for DM-RS.

This leads us to the following proposal:
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.


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. Of the verified TO cases (-90,-40,0, 40, 90% of CP), 90% CP cannot achieve 70%TPUT, with Rel-15 compliant demodulation algorithms.
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.
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