3GPP TSG RAN WG1 Meeting #103e                                                                      R1-2007869
e-meeting, October 26th – November 13th, 2020

Source:              CATT
Title:                  Link level performance of IDLE for UE power saving  
[bookmark: Source]Agenda Item:     8.7.1.3
[bookmark: DocumentFor]Document for:   Discussion and Decision

Introduction
In RAN1#102 [1], it discussed the LLS simulation assumptions for paging enhancement, which provide the Residue frequency error vs. number of SS burst processing, Paging early indication performance with frequency error vs. Paging PDCCH performance without frequency error, and Paging PDSCH performance with frequency error vs. that without frequency error.
In this contribution, it provides the initial evaluation results based on agreed simulation assumptions about PEI detection performance, and residue frequency error varied the number of SSB. At last, it is shown analysis and proposals on them.
Simulation evaluation results
Based on the agreements in RAN1#102  e-meeting, the following simulation assumptions are used. And simulation results are provided according to chairman’s agreement assumptions.
Table 1  The LLS simulation assumptions
	Parameters
	Values

	Carrier Frequency
	4GHz (FR1)

	Transmission BW
	20MHz (FR1)

	Antenna Configuration
	2T/2R

	Channels
	TDL-C 
300 ns delay spread
100 Hz Doppler shift

	Residue frequency error
	0 ppm,0.1ppm,1ppm

	Paging-based PEI configuration
	AL8/16, 41 info + 24 CRC bits, REG bundle size 6

	Sequence-based PEI configuration
	TRS, 48RBs, 2 OFDMs per slot, 1slot



PEI detection performance
Based on analysis on contribution[2], PEI could be used as early indication of paging reception in advance. If PEI indicated the following PO has its paging reception, UE could wakeup to receive Paging message, otherwise, UE could skip Paging PDCCH reception and related paging PDSCH reception. The power saving gains are observed for both PDCCH-based PEI and sequence-based PEI.   Link level simulation with residue frequency error is performed for  the evaluation of PDCCH-based and sequence-based PEI detection performance. PDCCH-based and sequence-based PEI link performance are evaluated respectively with frequency errors of 0, 0.1 and 1 ppm. For PDCCH-based PEI, PDCCH detections with AL of8 or 16 are evaluated.   For sequence-based PEI, TRS with 1slot and 2 symbols are evaluated. 
[image: ]
Figure 1: PDCCH-based PEI detection performance
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Figure 2: Sequence-based PEI detection performance
From the above figure, it could be observed that
· When CFO compensation is performed, e.g., with enough number of SSB burst set, with 0 ppm, PDCCH-based PEI and sequence-based PEI show similar and good performance.
· The PDCCH detection performance is quite sensitive to frequency errors. In Figure 1, the PDCCH decoding performance is more than 50% with frequency error of 1 ppm . The sequence-based PEI shows acceptable  miss-detection performance even with frequency error at 1ppm.
· For sequence-based PEI, 2symbols perform about 3dB gain over 1symbol.
The CFO compensation is needed for PDCCH-based PEI to have compatible performance with that of  sequence-based PEI. The CFO compensation requires UE power consumption in SSB or TRS processing. The frequency error tolerated sequence-based PEI show better performance gain than that of PDCCH-based PEI when the frequency error are not fully compensated.
Observation 1:  PDCCH-based PEI with frequency error compensation and sequence-based PEI show good performance.  
Observation 2:  sequence-based PEI show better performance gain than that PDCH-based when  the  frequency error does not fully compensated.
Residue frequency error performance
This evaluation aims to show the number of SSBs required to mitigate residue frequency error.  This evaluation results would be used as the input of the power saving evaluation for the PEI detection performance with observed residue frequency error. The main simulation assumptions and results are shown in Table 1.  The number of SSBs is assumed to 3,2,1 with initial frequency error of 1 ppm caused by frequency drift and channel frequency offset after UE long deep sleep. When UE is out of sync with the network after long deep sleep (UE lost sync after 320 ms), the 1SSB would be similar to time acquisition in the initial access. The only difference is that UE could use the reference time before the sleep to start the search, e.g., 5ppm is considered.  Since the clock has drift without calibration, the detection of 1st SSB has only rough timing from PSS/SSS correlation results. The time and frequency offset estimation as well as clock calibration would be performed after the fine tuning of the timing from 2nd SSB. The preliminary performance are shown in Table 1.
Table 1: Residue frequency error performance with different SSB
	1SSB
	2SSBs 
	3 SSBs

	1ppm
	0.6ppm
	0.1ppm



[bookmark: _Ref446511358][bookmark: _Ref446506608][bookmark: _Ref446507216]From Table 1 , we observe that the frequency error could be reduced to the level of UE frequency stability requirements of 0.1 ppm after  the processing of 3 SSBs. After the processing of 3rd SSB, UE can perform accurate AGC, channel estimation and frequency/time offset estimation with accurate sampling time from local timing reference, which the frequency drift is calibrated with the received signals from first 2 SSB.  It implies that three SSBs  are required for local oscillator calibration, channel tracking and compensation  before paging DCI and message decoding
Observation 3: Three SSBs  are required in the evaluation of IDLE mode UE power saving enhancement for coherent detection.
Conclusion 
In this contribution, link level performance for DCI-based PEI and sequence-based PEI are discussed and analyzed. Based on discussion, we have the following observations and proposals: 
Observation 1:  PDCCH-based PEI and sequence-based PEI show good performance when there is enough CFO compensation.
Observation 2:  sequence-based PEI show better performance gain than PDCH-based when there is no enough CFO compensation.
[bookmark: _GoBack]Observation 3: Three SSBs are required in the evaluation of IDLE mode UE power saving enhancement for coherent detection .
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