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Introduction
In Rel-18, a study item was approved for low-power wake-up signal and receiver for NR (WID in RP-222644 [1]), and it includes the following objectives.
	· Identify evaluation methodology (including the use cases) & KPIs [RAN1]
· Primarily target low-power WUS/WUR for power-sensitive, small form-factor devices including IoT use cases (such as industrial sensors, controllers) and wearables
· Other use cases are not precluded
· Study and evaluate low-power wake-up receiver architectures [RAN1, RAN4] 
· Study and evaluate wake-up signal designs to support wake-up receivers [RAN1, RAN4] 
· Study and evaluate L1 procedures and higher layer protocol changes needed to support the wake-up signals  [RAN2, RAN1] 
· Study potential UE power saving gains compared to the existing Rel-15/16/17 UE power saving mechanisms, the coverage availability, as well as latency impact of low-power WUR/WUS. System impact, such as network power consumption, coexistence with non-low-power-WUR UEs, network coverage/capacity/resource overhead should be included in the study [RAN1]
· Note: The need for RAN2 evaluation will be triggered by RAN1 when necessary. 



This contribution summarizes the discussions on L1 signal design and procedure for low power WUS in RAN1#114 
Section 2 provides a summary of the outcome. Section 3 documents the initial proposals and consequent detailed discussions. TDOCs are referenced in Section 4.
At this point, please provide kindly input at least to proposals and questions marked with FL1-Hi, but it is allowed to comment to FL1-Lo as well.
Outcome
Proposal-LLS-1:
Capture in TR
For the following Waveforms:
· OOK-1 30kHz SCS
· OOK-1 60kHz SCS
· OOK-1 120kHz SCS
· OOK-2 M=2
· OOK-2 M=4
· [OOK-3]
· OOK-4 M=2
· OOK-4 M=4
· [OOK-4 M=8]
· FSK M=1
· FSK-1 M=1
· FSM-2 M=2
· OFDMA


	Te
[us]
	Waveform

	SNR deg [dB]
	<2dB
#sources
	>=2dB
#sources

	1
	[TBA]
	[TBA]

	2
	[TBA]
	[TBA]

	3
	[TBA]
	[TBA]

	4
	[TBA]
	[TBA]

	10
	[TBA]
	[TBA]

	Sampling rate range
		X -
	Y




	Inner GB BW range, if applicable
		X -
	Y




	# of sources with/wo  
sliding window
	         x/y

	# of sources 
with/wo 
frequency adjustment
	x/y



With the following assumptions
    
· ADC bit-width is 4 or more bits.
· Frequency error is 0 ppm.
· Max SNR degradation of 2dB is allowed.
· Other parameters are not restricted. 

There are the following observations for timing error:
· [TBA]


Proposal-LLS-2:
Capture in TR
For the following Waveforms:
· OOK-1 30kHz SCS
· OOK-1 60kHz SCS
· OOK-1 120kHz SCS
· OOK-2 M=2
· OOK-2 M=4
· [OOK-3]
· OOK-4 M=2
· OOK-4 M=4
· [OOK-4 M=8]
· FSK M=1
· FSK-1 M=1
· FSM-2 M=2
· OFDMA


	Fe
[kHz]
	Waveform

	
	<2dB
#sources
	>=2dB
#sources

	2
	[TBA]
	[TBA]

	2,6
	[TBA]
	[TBA]

	4
	[TBA]
	[TBA]

	…
	…
	…

	400
	[TBA]
	[TBA]

	600
	[TBA]
	[TBA]

	800
	[TBA]
	[TBA]

	Sampling rate range
		X -
	Y




	Inner GB BW range, if applicable
		X -
	Y




	# of sources with/wo  
sliding window
	       x/y

	# of sources 
with/wo 
frequency adjustment
	x/y




With the following assumptions:
    
· ADC bit-width is 4 or more bits.
· Frequency error is 0 ppm.
· Max SNR degradation of 2dB is allowed.
· Other parameters are not restricted.
· NR SCS has been assumed to be 30kHz among sources, except of 1 source simulated 15kHz. 

There are the following observations for timing error:
· [TBA]



Proposal-LLS-3:
Capture in TR
For the following Waveforms:
· OOK-1 30kHz SCS
· OOK-1 60kHz SCS
· OOK-1 120kHz SCS
· OOK-2 M=2
· OOK-2 M=4
· [OOK-3]
· OOK-4 M=2
· OOK-4 M=4
· [OOK-4 M=8]
· FSK M=1
· FSK-1 M=1
· FSM-2 M=2
· OFDMA

	Sampling 
rate/
data-rate/
 [-]
	Waveform

	[0, 50]
	[TBA]

	[50, 100]
	[TBA]

	[100, 200]
	[TBA]

	[200, 600]
	[TBA]

	[600, 1000]
	[TBA]

	[1000, 10000]
	[TBA]



	Sampling 
rate/
segment-BW 
[-]
	Waveform

	[0, 0.5]
	[TBA]

	[0.5, 1]
	[TBA]

	[1, 2]
	[TBA]

	[2, 4]
	[TBA]

	[4, 6]
	[TBA]

	[6, 20]
	[TBA]



Assuming the follow
· timing error= 0us.
· frequency error =0ppm.
· ADC bit-width is 4 or more bits.
· Other params not restricted.
· Results are first averaged within a company and then in-between companies.

There are the following observations for sampling rate:
· [TBA]


Proposal-LLS-4:
Capture in TR
For the following Waveforms:
· OOK-1 30kHz SCS
· OOK-1 60kHz SCS
· OOK-1 120kHz SCS
· OOK-2 M=2
· OOK-2 M=4
· [OOK-3]
· OOK-4 M=2
· OOK-4 M=4
· [OOK-4 M=8]
· FSK M=1
· FSK-1 M=1
· FSM-2 M=2
· OFDMA

   With the following assumptions:
· Timing error = 0us.
· Frequency error = 0ppm.
· Only TDL-C results.
· Other parameters are not restricted.
· Best result within a company is averaged among companies.


	Waveform

	SE average [b/s/Hz]
	SE Min [b/s/Hz]
	SE Max [b/s/Hz]
	Samples [-]

	[TBA]
	[TBA]
	[TBA]
	[TBA]

	[TBA]
	[TBA]
	[TBA]
	[TBA]

	[TBA]
	[TBA]
	[TBA]
	[TBA]

	[TBA]
	[TBA]
	[TBA]
	[TBA]

	[TBA]
	[TBA]
	[TBA]
	[TBA]



· Note: Spectral efficiency: SE = LP-WUS information size [bits]/ LP-WUS length [s] / LP-WUS BW [Hz]



FL1-Hi-Proposal-3: 
TP for TR38.869: 
· Simulations from multiple sources revealed that at least 4-bit ADC is recommended for LP-WUS receiver to maintain good performance.


FL1-Hi-Proposal-8: 
TP for TR38.869:
· For multiplexing with other NR signals and channels, it is beneficial if LP-WUS can be flexibly configured within a carrier. Association with BWP, if any, can be discussed in normative phase.
· Placing LP-WUS may have benefits regarding out of band blocking requirements, this aspect is up to RAN4.

FL2-Hi-Proposal-10: 
Definition of legacy RRM measures/metrics such RSSI, RSRP and RSRQ can be updated to RSSI, RSRP, RSRQ for envelop detector and OFDMA receiver without FFT. These receivers cannot measure on a RE level.


FL1-Hi-Proposal-14: 
TP for TR38.869:
Proposal: Capture in TR:  
· LP-SS structure could be sequence(s) or sequence(s) followed by encoded bits (with CRC). LP-SS should can be cell-specific and can carry beam index. 


FL2-Hi-Proposal-19: 
 TP for TR38.869
· For multiplexing between LP-WUS and other NR signals and channels, TDM and FDM can be used. LP-WUS unused resources should be possible to reuse for other NR signals and channels.
· For multiplexing between LP-WUSs for different different UE groups or UE subgroups or UEs, at least TDM and FDM is recommended, and CDM can be further considered in normative phase.

FL2-Hi-Proposal-18: 
 TP for TR38.869
· for coverage enhancement of LP-WUS, if needed, at least the following techniques/mechanisms can be considered, if needed:
· transparent transmit diversity. 
· time domain repetition. 
· power boosting which could be transparent unless resource is used for a measurement. 
· frequency hopping, which is not transparent, but does not increase overhead.
· FEC, if payload LP-WUS is adopted.

FL2-Hi-Proposal-20: 
 TP for TR38.869
· Support the slot/occasion for LP-WUS, where a LP-WUS can only be transmitted from the starting location of a slot/occasion for LP-WUS. 
· LP-WUS occasions follow NR slot/symbol grid. 
· Periodic window with multiple LP-WUS occasions to be discussed in normative phase. 
· Periodicities of LP-WUS occasions to be discussed in normative phase.
· LP-WUS monitoring configuration can be cell or user-specific.


LP WUR signals and procedures
Waveform Generation 
	Agreement
Study further methods to modulate input signal of the DFT/Least-Square block for OOK-4, and methods to modulate input signal of N SCs for other MC-ASK/FSK schemes
· study methods with respect to 
· improving frequency diversity by flattening the spectrum, frequency repetition and frequency hopping
· impact to dynamic range of RE power in frequency domain
· FFS: impact to PAPR of generated time domain modulated MC-ASK/FSK symbol
· improving robustness to timing error necessary spectrum adjustment for compatibility with CP-OFDM generation

Agreement
· For waveform generation the following observations are made
· Flat spectrum in frequency domain provides robustness against frequency selective fading compared to concentrated energy in frequency domain.
· for OOK-4, sequence before DFT/LS with variation in phase via such as ZC, M-sequence or QAM sequence can achieve more flattened spectrum.
· Sequences(s) used in LP-WUS symbol generation with different pulse shape or spectral shape may have different performance. 
· Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches
· Further discuss the following potential observations for waveform generation:
· When DFT is employed in OOK-4 (M>=2), -1/1 alternation in time or frequency shift in frequency domain may be needed to match CP-OFDM generation.
· Pre-storing of the generated frequency domain samples at gNB may reduce complexity of waveform generation at gNB with memory requirement depending on number of possible combination. This may be up to gNB implementation.
· quantization of generated waveform in frequency domain to existing constellation (e.g. 64QAM) has low impact on performance and reduces complexity. This may be up to gNB implementation.
· Repetition of a sequence(s) used in LP-WUS generation in frequency can be used to improve diversity for MC-OOK and robustness against frequency offsets for MC-FSK.




Complexity of waveform generation 
· Capture in TR: Pre-storing of the generated frequency domain samples at gNB may reduce complexity of waveform generation at gNB with memory requirement depending on number of possible combinations. This may be up to gNB implementation. [24][26]
· For OOK-4 even pre-storing increases complexity if multiple BW, different Ms, are supported. [25] Using Manchester coding will effectively reduce M. 

Signal adjustments
· Necessary spectrum adjustment for compatibility with CP-OFDM generation [2]
· should be left up to gNB implementation [13]
· ZC to flatten spectrum [2][3](by 3dB)
· Concentrated OOK waveform to improve robustness to delay spread and timing error [2]
· 1dB at 2us error [25]

Specification of adjustment
· Consider specifying ON signal in R18 [3]
· Wifi specified ON signals being QAM sybmols
· OFDMA receiver benefits from knowledge of sequence
· Spectral shape and choice of filter

· For OOK-4 specify signal mapped to iFFT [4]
· precoding block at transmitter can be saved if sequences input to IFFT can be defined. 
· number of possible sequences input to IFFT is small, if Manchester code length is equal to M.
· shaping/truncation to improve properties of waveform can be absorbed in sequence generation.
· OFDM receiver can utilize it to improve detection performance largely.


FL1-Hi-Proposal-1: 
TP for TR38.869:
· Signal modification can be used to adjust the spectral shape of LP-WUS for a flatter power spectral density, to ensure good detection performance in frequency selective channels and intercell interference mitigation/randomization. The possible signal modification methods to adjust the spectral shape of LP-WUS may include variation in phase via such as ZC, M-sequence or QAM sequence followed (in case of OOK-4) by DFT/LS transform before mapping to LP-WUS sub-carrier segment of iFFT common with other NR signals and channels. Via such signal modification methods, impact to spectral emissions and PAPR may be minimized. 
· Pre-storing of the generated frequency domain samples to be mapped to LP-WUS sub-carrier segment of iFFT at gNB may reduce complexity of OOK-4 waveform generation at gNB with memory requirement depending on number of possible combinations. Combinations being function of number of supported LP-WUS bandwidth sizes, supported values of M, etc. Manchester coding, if adopted, will half the number of combinations for OOK-4. Pre-storing of the generated frequency domain samples may be up to gNB implementation.  
· gNB may further quantize sequence mapped to iFFT to reduce complexity or full-fill emission requirements if it does not impact detection performance at LP-WUR. This may be up to gNB implementation.
· Shortening of the OOK pulse (aka Concentrated OOK) in time may improve robustness of OOK waveform to timing/clock error. 
· Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches. Therefore, if OFDMA receiver is a valid implementation choice for LR, transmitted sequence is recommended to be specified. 

	Company
	Agree Y/N
	Comments

	Spreadtrum
	Patially Y
	For OOK-1, it could be natural that we define sequences before IFFT, like legacy signals in NR.
For OOK-4, we can also define sequences before IFFT, but as mentioned above, gNB may perform signal modification before IFFT to optimize waveform shape, since sequences in time domain (before precoding) and sequences in frequency domain (after precoding) may be not good enough. It is totally new for NR spec to adopt the signal modification before IFFT which is transparent to UE. Therefore, we suggest that whether it is up to gNB implementation is FFS, and remove “This may be up to gNB implementation”.
Further, it is already agreed that “Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches”, we don’t need to discuss it, besides whether transmitted sequence is recommended to be specified.
Finally, “Shortening of the OOK pulse” may be discussed with more details. We don’t how it can be robust to time/frequency error at current time.

	vivo
	
	Yes in principle

	CTC
	
	For OOK-4, ‘central part repetition’ should also be adopted in the TR. As a complete LP-WUS generation scheme, the generation process is clear and improvement effect is evident, which proves its feasibility. Besides, the performance results of this scheme have been included in the simulation results summary and been assisted to reach the final observation. If other OOK-4 improvements are adopted as an observation in the TR, ‘central part repetition’ should also be treated the same way.
Propose to add the following description in the TR:
· Signal modification can be used to adjust the spectral shape of LP-WUS for a flatter power spectral density, to ensure good detection performance in frequency selective channels and intercell interference mitigation/randomization. The possible signal modification methods to adjust the spectral shape of LP-WUS may include variation in phase via such as ZC, M-sequence or QAM sequence followed (in case of OOK-4) by DFT/LS transform before mapping to LP-WUS sub-carrier segment of iFFT common with other NR signals and channels. Via such signal modification methods, impact to spectral emissions and PAPR may be minimized. 
· Pre-storing of the generated frequency domain samples to be mapped to LP-WUS sub-carrier segment of iFFT at gNB may reduce complexity of OOK-4 waveform generation at gNB with memory requirement depending on number of possible combinations. Combinations being function of number of supported LP-WUS bandwidth sizes, supported values of M, etc. Manchester coding, if adopted, will half the number of combinations for OOK-4. Pre-storing of the generated frequency domain samples may be up to gNB implementation.  
· gNB may further quantize sequence mapped to iFFT to reduce complexity or full-fill emission requirements if it does not impact detection performance at LP-WUR. This may be up to gNB implementation.
· Shortening of the OOK pulse (aka Concentrated OOK) in time may improve robustness of OOK waveform to timing/clock error. 
· Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches. Therefore, if OFDMA receiver is a valid implementation choice for LR, transmitted sequence is recommended to be specified. 
· ‘Central part repetition’ in frequency can also be used against the frequency selective fading compared to concentrated energy in the frequency domain


	Futurewei
	
	We are OK in general and here are a few comment:
(1) As Spreadtrum mentioned, the part on “knowledge of the sequence(s) used in LP-WUS waveform generation may improve performance …” can be updated to include knowledge of both sequence(s) and waveform modification.
(2) The observation on Manchester encoding halving the number of combinations, our understanding is that for the same bandwidth, if we have M OOK pulses per OFDM symbol, then we have 2^M combinations which will be reduced to 2^(M/2) if Manchester coding.
(3) For CTC comment, the central part repetition can be included as part of the first observation on Signal modification.

	Xiaomi
	Y
	Yes in general.

	Huawei, HiSilicon
	Partially Y
	For the 3rd bullet ‘gNB may further quantize sequence…’, we think we need more justification. 

Beside the above 5 bullets, as we discussed in the last meeting, to match CP-OFDM generation, spectrum adjustment is needed. So we suggest to add the following bullet.
· When DFT is employed in OOK-4 (M>=2), spectrum adjustment, e.g. -1/1 alternation in time or frequency shift in frequency domain, may be needed to match CP-OFDM generation. 

Regarding Spreadtrum’s question on “Shortening of the OOK pulse”, it can be helpful to improve the robustness to timing error. When the OOK waveform in time domain is reduced, at the receiver part the inter-symbol interference at the OOK symbol edge can be ignored, thus the performance can be improved. We also show simulation results in our contribution, e.g. in Figure 16, where concentrated waveform can provide 1~2dB gain.

	FL2
	
	FL2-Hi-Proposal-1: 
TP for TR38.869:
· Signal modification can be used to adjust the spectral shape of LP-WUS for a flatter power spectral density, to ensure good detection performance in frequency selective channels and intercell interference mitigation/randomization. The possible signal modification methods to adjust the spectral shape of LP-WUS may include variation in phase via such as ZC, M-sequence or QAM sequence followed (in case of OOK-4) by DFT/LS transform before mapping to LP-WUS sub-carrier segment of iFFT common with other NR signals and channels. Via such signal modification methods, impact to spectral emissions and PAPR may be minimized. 
· Pre-storing of the generated frequency domain samples to be mapped to LP-WUS sub-carrier segment of iFFT at gNB may reduce complexity of OOK-4 waveform generation at gNB with memory requirement depending on number of possible combinations. Combinations being function of number of supported LP-WUS bandwidth sizes, supported values of M, etc. Manchester coding, if adopted, will reduce the number of combinations for OOK-4. Pre-storing of the generated frequency domain samples may be up to gNB implementation.  
· gNB may further quantize sequence mapped to iFFT to reduce complexity or full-fill emission requirements if it does not impact detection performance at LP-WUR. This may be up to gNB implementation.
· Shortening of the OOK pulse (aka Concentrated OOK) in time may improve robustness of OOK waveform to timing/clock error. 
· Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches. Therefore, if OFDMA receiver is a valid implementation choice for LR, transmitted sequence is recommended to be specified. 
· ‘Central part repetition’ in frequency can also be used against the frequency selective fading compared to concentrated energy in the frequency domain
· When DFT is employed in OOK-4 (M>=2), spectrum adjustment, e.g. -1/1 alternation in time or frequency shift in frequency domain, may be needed to match CP-OFDM generation. 





Mixed SCS
· Using a single iFFT has coexistence issues, separate iFFT with multiplexing in time domain increases the number of iFFTs gNB must perform [25]
· Common iFFT for higher SCS LP-WUS is problematic due to CP insertion. [17]
· SCS of LP-WUS can be different than that of other NR signals, when gNB processes LP-WUS separately from other NR signals. [11] [17]
· Capture in TR that OOK-1 with higher SCS than NR is not recommended since it makes gNB implementation more complicated. [2]
· For LP-WUS numerology, candidate subcarrier spacings for LP-WUS are 15 kHz, 30 kHz, 60 kHz, and 120 kHz, for FR1;


[25][17] discuss mixed SCS multiplexing in detail. Based on technical argumentation, using common iFFT to multiplex higher SCS LP-WUS with other NR signals and channels is complicate due to emission impacts and increased complexity due to additional signal processing. Better choice is to generated LP-WUS with separate iFFT and multiplex in time. In this case, however, LP-WUS signal can be created without iFFT.

FL1-Hi-Proposal-2: 
TP for TR38.869: 
· If LP-WUS waveform with SCS different to other NR signals and channels is multiplexed in single carrier, it is not desirable to multiplex signals into common iFFT. Separate iFFTs and multiplexing in time domain is a better choice. For the later case, however, OFDMA-based generation of LP-WUS waveform is not required.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	Y
	

	vivo
	N
	We think separate iFFTs generation of LP-WUS waveform and WUS generated not via OFDMA manner definitely increase gNB complexity. And, whether support LP-WUS waveform with SCS different to other NR signals and channels can be further discussed in normative phase. Thus, we suggest to the following changes:
· If LP-WUS waveform with SCS different to other NR signals and channels is multiplexed in single carrier, it may require separate IFFT which may increase gNB’s implementation complexity. This is more relevant to OOK-1.  Separate iFFTs and multiplexing in time domain is a better choice. For the later case, however, OFDMA-based generation of LP-WUS waveform is not required.


	CTC
	Y
	

	Futurewei
	
	We agree with vivo’s comment.

	Xiaomi
	
	In current spec, gNb can already support different SCSs multiplexing, for example the SSB and the PDCCH/PDSCH can be of different SCS, and it is not necessary they have different IFFTs. We suggest the following change to wording
· If LP-WUS waveform with SCS different to other NR signals and channels is multiplexed in single carrier, it is not desirable to multiplex signals into common iFFT. or separateSeparate iFFTs and for multiplexing channels in time domain is a better choicecan be adopted. For the later case, however, OFDMA-based generation of LP-WUS waveform is not required.


	Huawei, HiSilicon
	N
	We agree with vivo that it is more important to clarify the impact of different SCS, and we suggest the following modification in purple based on vivo’s version
· It is not desirable to havef LP-WUS waveform with SCS different to other NR signals and channels is multiplexed in single carrier, since it maywill require separate IFFT which maywill increase gNB’s implementation complexity, may require new hardware, pulse shaping, or additional guard bands, and may impact performance of legacy UE(s) due to spectral leakage. This is more relevant to OOK-1.  Separate iFFTs and multiplexing in time domain is a better choice. For the later case, however, OFDMA-based generation of LP-WUS waveform is not required.



	FL2
	
	FL2-Hi-Proposal-2: 
TP for TR38.869

If LP-WUS waveform with SCS different to other NR signals and channels is multiplexed in single carrier, it may require separate IFFT which may increase gNB’s implementation complexity. In addition it may require new hardware, pulse shaping, or additional guard bands, and may impact performance of legacy UE(s) due to spectral leakage.




Other observations

· For OOK-4 if number of 0 and 1 per symbol is equal, this keeps power per OFDMA constant. [7]
· FSK phase discontinuity must be handled [25]
· Envelop IFs are more resource efficient compared to conventional FSK [1]
· ‘central part frequency repetition’ has detection improvement for the OOK-4. [20]
· No difference between random QPSK and m-Sequence (SSS) [25]



FL1-Hi-Question: 
Any of above observations should be captured in TR, anything missed by FL?

	Company
	Agree Y/N
	Comments

	Spreadtrum
	
	For “No difference between random QPSK and m-Sequence (SSS)”, it seems not consist with agreement that “Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches”.

	vivo
	
	Low priority, details can be discussed in normative work.

	CTC
	N
	Same comments as FL1-Hi-Proposal-1, ‘central part frequency repetition’ should be adopted in the TR.

	Futurewei
	
	Some of the observations are not clear to us. For example:
(1) Our understanding is that the power per OFDMA symbol does not have to be a function of the number of 0’s and 1’s per symbol in OOK-4. However, the OOK pulses amplitude should be consistent across OFDMA symbols if same number of 1’s and 0’s is used.
(2) If the difference between random QPSK and SSS is from the sense when either is used as the modulating symbols for the ON waveform in OOK-1, then as Spreadtrum mentioned, it will contradict with the observation on sequence knowledge.
Additionally, we would like to clarify our observations on envelope IFs based FSK,i.e., baseband envelope frequency segments, it is actually shown to be more robust against frequency errors and does not require frequency domain power boosting as compared to conventional FSK, i.e., FSK using RF frequency segments.

	Huawei, HiSilicon
	
	As discussed in the last meeting, there are still some enhanced waveforms that are not explicitly captured in TR, e.g. the details on “Study how to generate segment in time domain, e.g. OOK-1 or OOK-4“. And there was consensus that if the schemes are clear, it is OK to capture them into TR. So we’d like to get at least the following in purple into TR:

For FSK, the segment in time domain can be generated by OOK-4 as shown in the following figure.
[image: ]

	FL2
	
	@Huawei , it is intention to capture this in Proposal 5
· Above waveforms are not exclusive and may be combined.




Comparison of waveforms 
The following aspects are discussed in separate discussion on LLS results
· Timing error impact




· Frequency error 

· Sampling frequency impact

· Spectral efficiency

· RRM measurement accuracy


ADC bit-width

FL1-Hi-Proposal-3: 
TP for TR38.869: 
· Simulations from multiple sources revealed that at least 4-bit ADC is recommended for LP-WUS receiver to maintain good performance.

	Company
	Agree Y/N
	Comments

	vivo
	Y
	Suggest to shift this to LLS evaluation observation part.

	CTC
	Y
	Based our simulation results, 4-bit ADC is enough for the LP-WUS detection.

	Futurewei
	Y
	We are OK.

	Huawei, HiSilion
	Y
	



GBs
· Sufficient GBs allow lowering the filter order and thus reducing power consumption [10]
· GB or not, seems not having impact on OOK at 1%BER [25]
· OOK is robust to ASCI (unlike FSK). OOK does not require guardband around LP-WUS. [24]

FL1-Hi-Proposal-4: 
TP for TR38.869: 
· Compared to conventional FSK, OOK-1 and OOK-4 does not require guard-bands. However, if guard-bands are included filter order can be relaxed. 

	Company
	Agree Y/N
	Comments

	Spreadtrum
	Partially Y
	Guard-band is being discussed in RAN4. It can be postponed. In our memory, it seems RAN4 has agreement to discuss guard-band for all waveforms. If power boosting and different SCS employed in OOK-1 and/or OOK-4, there could be guard-band.

	vivo
	N
	Guard band is under discussion in RAN4 for both ACS and ASCS rejection, we can leave this to RAN4. 

	Huawei, HiSilicon
	N
	OOK-1 and OOK-4 also require guard band at both edges considering the filter cannot perfectly filter out the interference from neighbor RBs. We also agree with other companies that such an issue is under discussion in RAN4, and we can leave it to RAN4.

	FL2
	Stop thread
	




Fair comparison

[3] ACI of 0dB simulated.
[3] no performance difference for OOK-1 at high SCS and OOK-4 if bits and resources are kept the same.
OFDMA has 6-9dB better performance compared to OOK, with same settings [21]
OFDMA 1 or 4 bit PDCCH with 1 and 2 symbols can reach MSG3 coverage [2]. But note, there is nothing like 1 or 4 bit PDCCH existing in 3GPP.


FSK-1 vs FSK-2

FSK-1 vs FSK-2 [2][25][17]
· FSK-1 and FSK-2 are identical when M=1
· For M=2, FSK-2 can benefit from larger power boosting/pooling compared to FSK-1 which has dominant effect.
· For M=2, FSK-1 can benefit from better robustness to fading channel.
· For M>2, FSK-2 suffers from exponential increased in segments and increased GB overhead.

Other aspects 

· OOK-3 is more robust to BW reduction. [6]
· OFDMA copes with multi-path fading, OOK based schemes not. [17]
· Envelop IF is more robust to frequency error compared to conventional FSK [1]
· Envelop IFs are more resource efficient compared to conventional FSK [1]
· Phase Noise impacts OFDMA, but does not impact OOK [7][10]
· OOK-1 and OOK-2, compared to OOK-4 and FSK have 3dB disadvantage due to lack of power pooling between symbols. [2]
· FSK combined with OOK-1 can be more robust to timing error compared to OOK-4 [2]


FL1-Hi-Proposal-5: 
TP for TR38.869: 
· TP for OOK:1: For OOK-1, the data rate/chip rate of LP-WUS highly depends on the SCS used for LP-WUS generation. Separate iFFT branch corresponding to higher SCS than that of NR signal can be used to achieve higher data rate, with the cost of additional gNB implementation complexity. Uniformly distributed frequency spectrum density can be achieved. At least for evaluation, power pooling between OOK-1 symbols was not allowed. This being disadvantage compared to waveforms with multiple segments within NR OFDMA symbol.
· TP for OOK-2: For OOK-2, OOK waveform are generated by multiple parallel OOK generation branches. In each branch, the OOK waveform can be generated by either OOK-1 or OOK-4. Hence, OOK-2 provide additional ways to exploit more frequency resources for higher data rate or frequency diversity, with the cost of additional complexity of multiple parallel OOK receiver branches and increased frequency resource overhead. Due to multiple segments in time domain, OOK-2 is more prone to frequency error.
· TP for OOK-3: OOK-3 is more robust to segment BW reduction. OOK-3 is susceptible to frequency error and frequency fading. OOK-3 may not fulfill RAN4 requirement on gNB Tx RE dynamic range. OOK-3 is not able to fully utilize the gNB transmission power, thus degrades the coverage of LP-WUS. 
· TP for OOK-4: For OOK-4, data rate/chip rate of LP-WUS is higher than that of OOK-1 with the same numerology as other NR signals and channels. OOK-4 is susceptible to timing error and delay spread, because not all the LP-WUS symbols within an OFDMA symbol contain CP. Uniformly distributed frequency spectrum density can be achieved. This can be partially alleviated by shortening the OOK pulse (aka Concentrated OOK) in time. OOK-4 may also benefit from power pooling within NR OFDM symbol. OOK-4 allows for variable bitrate by varying M, the number of segments in time per OFDMA symbol.
· TP for FSK: FSK-1 and FSK-2 are identical when M=1. For M=2, FSK-2 can benefit from larger power boosting/pooling (6dB) compared to FSK-1 (3dB) which has dominant effect on performance. For M=2, FSK-1 can benefit from better robustness to fading channel. For M>2, FSK-2 suffers from exponential increased in segments and increased GB overhead. FSK provide additional ways to exploit frequency diversity, with the cost of additional complexity of multiple parallel OOK receiver branches and increased frequency resource overhead. Due to multiple segments in time domain. FSKs are more prone to frequency error. Envelop IF is more robust to frequency error compared to conventional FSK. Uniformly distributed frequency spectrum density can be achieved.
· TP for OFDMA: OFDMA robustness to frequency error and time error is generally lower than OOK-1. Time error robustness can be improved by performing sliding window correlation with the received time domain samples of a known sequence, at expense of increase power consumption. OFDMA is less robust to under-sampling and phase noise compared to above schemes. 
· Above waveforms are not exclusive and may be combined.
Please suggest more observations which you see fit relevant to capture in above TP:
	Company
	Agree Y/N
	Comments

	
	
	

	vivo
	Revisions suggest
	· TP for OOK-2: For OOK-2, OOK waveform are generated by multiple parallel OOK generation branches. In each branch, the OOK waveform can be generated by either OOK-1 or OOK-4. Hence, OOK-2 provide additional ways to exploit more frequency resources for higher data rate or frequency diversity, with the cost of additional complexity of multiple parallel OOK receiver branches and increased frequency resource overhead. Due to multiple segments in time frequency domain, OOK-2 is more prone to frequency error.
· TP for FSK: FSK-1 and FSK-2 are identical when M=1. For M=2, FSK-2 can benefit from larger power boosting/pooling (6dB if allowed) compared to FSK-1 (3dB if allowed) which has dominant effect on performance. For M=2, FSK-1 can benefit from better robustness to fading channel. For M>2, FSK-2 suffers from exponential increased in segments and increased GB overhead. FSK provide additional ways to exploit frequency diversity, with the cost of additional complexity of multiple parallel OOK receiver branches and increased frequency resource overhead. Due to multiple segments in time domain. FSKs are more prone to frequency error. Envelop IF is more robust to frequency error compared to conventional FSK. 


	Futurewei
	
	We are OK in general, but we have the following comments:

· For TP for OOK-1: Separate iFFT branch corresponding to higher SCS than that of NR signal does not always have to result in an additional gNB implementation complexity. Since specification currently supports different BWPs with different SCS, so gNBs with current support won’t have an increase in complexity.
· For TP for OOK-2: we agree with vivo’s revision.
· For TP for OOK-3: we agree with all observations, but the one on frequency fading. In our understanding the point of distributing the tones for the same LP-WUR across multiple segments is to utilize the frequency diversity and reduce impact of frequency fading. 
· For TP for FSK: we suggest the following edit “Envelop IF is more robust to frequency error and alleviates the need for multiple parallel OOK receiver branches compared to conventional FSK. Uniformly distributed frequency spectrum density can be achieved.”
· For TP for OFDMA: we suggest the following edit “OFDMA robustness to frequency error and time error is generally lower than OOK-1/FSK options. …” 


	Huawei, HiSilicon
	Partially Y
	For OOK-1, similar suggestion as for FL1-Hi-Proposal-1, where the impact of different SCS should be stated. (we are also fine to merge FL1-Hi-Proposal-1 into this proposal). 
· TP for OOK:1: For OOK-1, the data rate/chip rate of LP-WUS highly depends on the SCS used for LP-WUS generation. Separate iFFT branch corresponding to higher SCS than that of NR signal is required can be used to achieve higher data rate, with the cost of additional gNB implementation complexity. And it may require new hardware, pulse shaping, or additional guard bands, and may impact performance of legacy UE(s) due to spectral leakage. Uniformly distributed frequency spectrum density can be achieved. At least for evaluation, power pooling between OOK-1 symbols was not allowed. This being disadvantage compared to waveforms with multiple segments within NR OFDMA symbol.
For OOK-2, the ‘OOK-2 provide additional ways to exploit more frequency resources for higher data rate or frequency diversity, …, increased frequency resource overhead’ is based on the condition that ‘if the same size of frequency segment as OOK-1/OOK-4 is used’, otherwise, if the size of frequency segment can be reduced accordingly, resource overhead can be the same. So we suggest to remove this. Also, the impact of frequency error also depends on the size of guard sub-carriers. It is not technically correct to conclude that OOK-2 is more prone to frequency error just due to multiple frequency segments. So we suggest the following
· TP for OOK-2: For OOK-2, OOK waveform are generated by multiple parallel OOK generation branches. In each branch, the OOK waveform can be generated by either OOK-1 or OOK-4. Hence, OOK-2 provide additional ways to exploit more frequency resources for higher data rate or frequency diversity, with the cost of additional complexity of multiple parallel OOK receiver branches and increased frequency resource overhead Due to multiple segments in time domain, OOK-2 is more prone to frequency error.
For OOK-4, its sensitivity to timing error and ISI is also due to shorter chip duration. Also suggest to change the order of two sequences to discuss timing error together.
· TP for OOK-4: For OOK-4, data rate/chip rate of LP-WUS is higher than that of OOK-1 with the same numerology as other NR signals and channels. OOK-4 is susceptible to timing error and delay spread, because its chip duration is shorter and not all the LP-WUS symbols within an OFDMA symbol contain CP. Uniformly distributed frequency spectrum density can be achieved. This can be partially alleviated by shortening the OOK pulse (aka Concentrated OOK) in time. Uniformly distributed frequency spectrum density can be achieved. OOK-4 may also benefit from power pooling within NR OFDM symbol. OOK-4 allows for variable bitrate by varying M, the number of segments in time per OFDMA symbol.
For FSK, first, similar comments as for OOK-2 on resource overhead and frequency error. (note that from the LLS results, FSK can be robust to frequency error up to 20ppm). Second, the benefit of timing error robustness should be added. Last, ‘robustness to fading channel’ is not clear to us. If there is no coding/repetition, FSK-1 and FSK-2 face the same situation for frequency selectivity. So we suggest to remove this sentence.
· TP for FSK: FSK-1 and FSK-2 are identical when M=1. For M=2, FSK-2 can benefit from larger power boosting/pooling (6dB) compared to FSK-1 (3dB) which has dominant effect on performance. For M=2, FSK-1 can benefit from better robustness to frequency selectivity fading channel. For M>2, FSK-2 suffers from exponential increased in segments and increased GB overhead. FSK provide additional ways to exploit frequency diversity, with the cost of additional complexity of multiple parallel OOK receiver branches and increased frequency resource overhead. Due to multiple segments in time domain. FSKs are more prone to frequency error. FSK is robust to time error due to its longer symbol duration in time domain. Envelop IF is more robust to frequency error compared to conventional FSK. Uniformly distributed frequency spectrum density can be achieved.


	FL2
	
	FL2-Hi-Proposal-5:
TP for TR38.869: 
· TP for OOK:1: For OOK-1, the data rate/chip rate of LP-WUS highly depends on the SCS used for LP-WUS generation. Separate iFFT branch corresponding to higher SCS than that of NR signal can be used to achieve higher data rate, with the cost of additional gNB implementation complexity.[ And it may require new hardware, pulse shaping, or additional guard bands, and may impact performance of legacy UE(s) due to spectral leakage.] Uniformly distributed frequency spectrum density can be achieved. At least for evaluation, power pooling between OOK-1 symbols was not allowed. This being disadvantage compared to waveforms with multiple segments within NR OFDMA symbol.
· TP for OOK-2: For OOK-2, OOK waveform are generated by multiple parallel OOK generation branches. In each branch, the OOK waveform can be generated by either OOK-1 or OOK-4. Hence, OOK-2 provide additional ways to exploit more frequency resources for higher data rate or frequency diversity, with the cost of additional complexity of multiple parallel OOK receiver branches and increased frequency resource overhead. Due to multiple segments in frequency domain, OOK-2 is more prone to frequency error.
· TP for OOK-3: OOK-3 is more robust to segment BW reduction. OOK-3 is susceptible to frequency error and frequency fading. OOK-3 may not fulfill RAN4 requirement on gNB Tx RE dynamic range. OOK-3 is not able to fully utilize the gNB transmission power, thus degrades the coverage of LP-WUS. 
· TP for OOK-4: For OOK-4, data rate/chip rate of LP-WUS is higher than that of OOK-1 with the same numerology as other NR signals and channels. OOK-4 is susceptible to timing error and delay spread, because not all the LP-WUS symbols within an OFDMA symbol contain CP and its chip duration is shorter. Uniformly distributed frequency spectrum density can be achieved. This can be partially alleviated by shortening the OOK pulse (aka Concentrated OOK) in time. OOK-4 may also benefit from power pooling within NR OFDM symbol. OOK-4 allows for variable bitrate by varying M, the number of segments in time per OFDMA symbol.
· TP for FSK: FSK-1 and FSK-2 are identical when M=1. For M=2, FSK-2 can benefit from larger power boosting/pooling (6dB) compared to FSK-1 (3dB) which has dominant effect on performance. For M=2, FSK-1 can benefit from better robustness to fading channel. For M>2, FSK-2 suffers from exponential increased in segments and increased GB overhead. FSK provide additional ways to exploit frequency diversity, with the cost of additional complexity of multiple parallel OOK receiver branches and increased frequency resource overhead. Due to multiple segments in frequency domain. FSKs are more prone to frequency error. Envelop IF is more robust to frequency error compared to conventional FSK. Uniformly distributed frequency spectrum density can be achieved.
· TP for OFDMA: OFDMA robustness to frequency error and time error is generally lower than OOK/FSK. Time error robustness can be improved by performing sliding window correlation with the received time domain samples of a known sequence, at expense of increase power consumption. OFDMA is less robust to under-sampling and phase noise compared to above schemes. 
· Above waveforms are not exclusive and may be combined.




Recommendations 
· OOK-4 for low rate and FSK-2 (envelop IF) for high-rate [1]
· FSK+OOK-4 + sequence [2]
· Mixed SCS for OOK-1 is not recommended due to increase in waveform complexity. [2]
· OOK-1 + OOK-4 are complementary to each other, in terms of bit rate and reliability [5][6]
· gNB processing LP-WUS separately from other NR signals may require standalone hardware for LP-WUS generation [11], but can be left up to gNB implementation [17]
· OOK-4 with enhancements for CP [12]
· OOK with sequences to allow for broad receiver implementations [15] and improve coverage [17]
· OOK-4 has the best performance among OOK schemes [20]
· OOK-1 is baseline, because OOK-4 increases complexity [25]
· 1 bit for OOK and 4 bits for OFDM [27]

FL1-Lo-Proposal-6 (for now): 
TP for TR38.869: 
· It is recommended to support OOK-1/OOK-4, with SCSs supported in NR FR1. It is recommended to specify signal for ON-duration(s) of OOK to enable either more information or better coverage for more UEs with more advanced receiver, such as OFDMA receiver. 

	Company
	Agree Y/N
	Comments

	Spreadtrum
	Y
	We may have to make some decisions to reduce spec efforts. OOK-3 seems less supporting. OOK-2 may be replaced by FDMed multiple LP-WUS. To be honest, for parallel envelop detection and FM-to-AM receiver, we don’t see much difference b/w OOK and FSK, and FDMed multiple LP-WUS can be alternative for FSK?

	Futurewei
	
	We suggest to include FSK-2(envelope IFs) as part of the recommendation since it can be received by a single envelope detection branch as OOK-1/OOK-4 but is more robust against frequency error compared to other FSK options and more robust to timing errors than OOK-4 for M>=2.

	Xiaomi
	y
	Generally fine.

	Huawei, HiSililon
	N
	As shown in our contribution, FSK-2 shows good robustness to both timing error and frequency error. Also when Msg3 coverage target is achieved (when repetition is used), FSK-2 shows better performance than OOK since frequency hopping can be utilized to get more frequency diversity. So we think FSK-2 should also be recommended. For ‘specify signal…’, we think it is better to clearly state the benefits. See our modification in purple.

· It is recommended to support OOK-1/OOK-4/FSK-2, with SCSs supported in NR FR1. It is recommended to specify signal for ON-duration(s) of OOK or FSK to enable either carry more information bits by multiple candidate sequences and/or better coverage by detecting LP-WUSfor more UEs with more advanced receiver, such as OFDMA receiver. 


	
	
	




Bandwidth and location
BW
LP-WUS BW size 

	Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI

Agreement
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs

Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)





Proc/Cons 
· Wider LP-WUS BW can offer robustness against fading, but impacts the spectrum efficiency and feasibility of multiplexing with other signals [17]
· Having limited LP-WUS BW could allow adoption in different device types and enable use in different type of deployments. [17]
· Wider LP-WUS BW could enable support of more flexibility in signal generation and different signal characteristics and improve the tolerance to implementation impairments. [17]
· The BW of one LP-WUS can be scalable for forward compatibility [4]
· 5-20MHz offers flexibility [5]
· 5 MHz, 10 MHz and 20 MHz [6]
· Nor larger than 5MHz [16]
· 6RB is the lower limit [20]
· Fixed in RBs. [21]
· Reference signal should be more than 5MHz, if max LP-WUS BW is 5MHz, SSB of 30Hz is larger -> use only LP-SS as reference signal [8]


FL1-Hi-Proposal-7: 
TP for TR38.869: 
· Wider LP-WUS BW can offer robustness against fading and better performance, but impacts the spectrum efficiency and feasibility of multiplexing with other NR signals and channels.
· Having limited LP-WUS BW could allow adoption in different device types, enable use in different type of deployments. 
· Wider LP-WUS BW could enable support of more flexibility in signal generation and different signal characteristics and improve the tolerance to implementation impairments. 
· Support of flexible LP-WUS BW sizes can offer forward compatibility in addition to deployment flexibility, but increases LR complexity.
· LP-WUS BW can be defined in units of RBs, i.e. being SCS dependent.

	Company
	Agree Y/N
	Comments

	Spreadtrum 
	Y
	LP-WUS BW should be scalable. Wider LP-WUS BW can boost the total power of LP-WUS without large PAPR. Power pooling within an OFDM symbol (e.g. for OOK bit 1) may cause large PARP for an OFDM symbol. For narrowband with less than 5MHz, narrower LP-WUS has to be deployed.

	vivo
	N
	We think the existing agreement is sufficient:
Agreement
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs


	Futurewei
	
	We are in general OK with the observations.

	Xiaomi
	Y
		

	Huawei, HiSilicon
	Partially Y
	We are fine with 1st and 4th bullets. 
For 2nd bullet, it is not clear what ‘limited’ means. 
For 3rd bullet, we fail to get to point of ‘improve the tolerance to implementation impairments’, more justification is needed.
For 5th bullet, it can be leave to WI phase.

	FL2
	
	FL2-Lo-Proposal-7: 
TP for TR38.869: 
· Wider LP-WUS BW can offer robustness against fading and better performance, but impacts the spectrum efficiency and feasibility of multiplexing with other NR signals and channels.
· Having limited LP-WUS BW could allow adoption in different device types, enable use in different type of deployments. 
· Wider LP-WUS BW could enable support of more flexibility in signal generation and different signal characteristics and improve the tolerance to implementation impairments. 
· Support of flexible LP-WUS BW sizes can offer forward compatibility in addition to deployment flexibility, but increases LR complexity.
· LP-WUS BW can be defined in units of RBs, i.e. being SCS dependent.




 Placement

· LP-WUS transmitted flexibly configurable TF block within BWP, which can be reused by NR signals and channels. [1]
· LP-WUS is flexibly placed within carrier [5][6][11][14][21]
· LP-SS + LP-WUS in same BWP/BW to avoid retuning [5]
· LP-WUS BWP association topic [13][14]

FL1-Hi-Proposal-8: 
TP for TR38.869:
· For multiplexing with other NR signals and channels, it is beneficial if LP-WUS can be flexibly configured within a carrier. Association with BWP, if any, can be discussed in normative phase.
· Placing LP-WUS may have benefits regarding out of band blocking requirements, this aspect is up to RAN4.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	Y
	

	vivo
	
	Low priority. Leave the discussion on LP-WUS placing to RAN4

	CTC
	Y
	

	Futurewei
	
	We are OK with the observations, but suggest the following edit to the second observation.
· Placing LP-WUS in the middle of the carrier may have benefits regarding out of band blocking requirements, this aspect is up to RAN4.

	Xiaomi
	Y
	

	Huawei, HiSilicon
	Y
	

	Sharp
	Y
	

	
	
	



RRM measurements 
	Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode, 
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)

Agreement
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
· companies to report assumption of signal used for measurements




Offloading and relaxation
	Agreement
The following observations are to be captured in the TR
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following functionality.
· RRM measurements by LP-WUR, if supported 
· at least coarse time synchronization of LP-WUR. 
· at least coarse frequency synchronization of LP-WUR.
· Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, # of beams, and resource required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-specific) and such further reduce system overhead. 
· For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization, existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality. 
· Periodic LP-SS coverage should be equal or better than that of LP-WUS.
· For fine time and frequency synchronization, a signal (e.g. preamble) preceding or part of LP-WUS may be used.

Agreement
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
· Periodic reference signal(s) is/are used for LR measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
· FFS: periodicity, content
· MR performs measurements 
· Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
· FFS: Condition for relaxation if any
· Can apply for both neighboring and serving cell
· Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
· FFS threshold.
· Above MR measurement under certain conditions can apply for both neighboring and serving cell
· Potentially with relaxation methods for MR neighboring cell measurement 
· Other alternatives are not precluded
· FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR




Serving cell
· Support offloading RRM for serving cell [2][11][12][18(if LP-SS is supported)][22][25(consider)][28]
· Alt 3: If serving cell RRM is offloaded, MR serving cell RRM measurements can be stopped [2][ 5][24]
· Alt2: If serving cell RRM is offloaded, MR measurements are relaxed [19]
· Define certain condition, not only for switching to legacy, but also for offloading [8]


Neighbor cell RRM offloading by LP-WUR
· cross-interference handled by TDM coordination among cells [2]
· within neighboring cells area [9]
· can be discussed further [4][19]
· not feasible [11]
· not considered anymore [13]
· only if coverage is same as MR [16]


Relaxation of neighbor cell measurements in legacy in MR
· is enough: [27]
· is not enough: [2][19 fully dropped][21]


FL1-Hi-Proposal-9: 
TP for TR38.869:
· It is recommended to support offloading RRM for serving cell to LR. It can be discussed further in normative phase whether RRM for serving cell by MR can be fully stopped or relaxed during the offloading.
· It is recommended to support RRM measurement for neighbour cells by MR. It can be discussed further in normative phase whether RRM for neighbour cells by MR can be relaxed or kept legacy.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	Partially Y
	We may just say “RRM measurement for neighboring cell by LR depends on how periodic signal is assumed/designed”, since if periodic signal has cell ID, it is natural that LR at cell edge (if S-criteria is satisfied) can perform RRM measurement for neighboring cell.

	vivo
	Partially yes
	Fully offloading RRM measurement to LR can provide best power saving gain, however, neighboring cell RRM relaxation by MR is also needed if it’s difficult for LR to support neighboring cell measurement. Further, serving cell RRM relaxation can be also supported considering it can be simultaneously performed when MR wakes up for neighboring cell measurement, Thus, we suggest the following changes:
· It is recommended to support serving cell measurement based on LR.
· It is recommended to specify further RRM relaxation (at least 8 times) of UE MR for both serving and neighbor cell measurements, and fully offloading MR serving cell measurement(s) to LP-WUR 


	Futurewei
	
	We agree.


	Xiaomi
	N
	Similar view as Spredtrum

	LGE
	Y
	We agree the proposal.

	Huawei, HiSilicon
	Partially Y
	For the 1st bullet, if serving cell measurement is already offloaded to LR, we see no need to support serving cell relaxation by serving cell. For the 2nd bullet, the neighbor cell measurement by MR should be relaxed, otherwise there can be no power saving gain even serving cell measurement is offloaded.
So we suggest the following in purple.
· It is recommended to support offloading RRM for serving cell to LR. It can be discussed further in normative phase whether RRM for serving cell by MR can be fully stopped or relaxed during the offloading.
· It is recommended to support RRM measurement relaxation for neighbour cells by MR. It can be discussed further in normative phase whether how much RRM for neighbour cells by MR can be relaxed or kept legacy.



	FL2
	
	FL2-Hi-Proposal-9: 
TP for TR38.869:
· It is recommended to support offloading RRM for serving cell to LR. It can be discussed further in normative phase whether RRM for serving cell by MR can be fully stopped or relaxed during the offloading.
· It is recommended to support RRM measurement for neighbour cells at least by MR. RRM measurement for neighbour cells can be further considered in normative phase.  It can be discussed further in normative phase whether RRM for neighbour cells by MR can be relaxed or kept legacy.




Metrics and measurement
	Agreement
· For at least RRM serving cell measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc)
· LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
· FFS RSSI resource.
· LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
· FFS resource of reference signal(s) or signal(s) parts
· LP-SINR = LP-RSRP/(power of interference and noise) 
· FFS how to define “power of interference and noise”
· LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
· Accounting AGC accuracy, ADC of at least 4 bits is required. 
· Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-waveform sequence, LP-SS
· Note: The definition of metrics could be further refined based on future study 





Measurement Accuracy

· Feasible for serving cell [11][13]
· ±2 dB delta RSRP relative to genie RSRP may be achievable 90% of the time using OOK based LP-SS at SNR=-3 dB and realistic clock model. [24]
· [7] shows that RSRP and RSRQ accuracy can be achieved with LP-WUS, and # of samples required for averaging can be smaller if lower LP-WUS coverage is acceptable. 
· [13] shows that RSRP and RSRQ accuracy can be met for OOK-4
· To match the one-shot 4-sym OOK-based measurement accuracy at SNR = -3 dB, the OOK-based measurement based on LP-WUR with 6 dB worse noise figure (at SNR = -9 dB) needs to be averaged over at least 7 samples or alternatively the OOK-based reference signal needs to be longer, e.g., at least 42 symbol long. [25]


Proposal: Capture in TR
From RAN1 study of accuracy based on LP-SS, it is feasible to achieve legacy accuracy. The overhead required to achieve target accuracy varies among companies, however when coverage is relaxed, required overhead is reduced. 


· LP-RSSI, [2]
· LP-RSRP [2][6][7] 
· LP-RSRQ [2][7]
· LP-SINR [17] accuracy is better with measuring relative measure, compared to absolute like LP-RSRP
· For OFDMA receiver without FFT capability, RSRP and RSSI resource must also be redefined. [13]
· SSB is larger than 5MHz. [8]

FL1-Hi-Proposal-10: 
TP for TR38.869:
· Definition of legacy RRM measures/metrics such as RSSI, RSRP and RSRQ can be updated to LP-RSSI, LP-RSRP and LP-RSRQ for envelop detector and OFDMA receiver without FFT. These receivers cannot measure on a RE level. Introduction of LP-SINR as new measure can be further considered in normative phase. For LP-SS based measurements, LP-SINR and LP-RSRQ as relative measures may be easier to obtain compared to absolute measures such as LP-RSSI and LP-RSRP. If the max supported LP-WUR BW would be 5MHz, OFDMA receiver cannot receive 30kHz PBCH but can receive PSS and SSS.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	Partially Y
	In our understanding, LP-RSSI/RSRP/RSRQ are all based on new LP-SS. For legacy SS, definitions of RSSI/RSRP/RSRQ don’t need to be updated, just requirement is to be updated.

	vivo
	Partially Y
	As LP-RSRQ can provide similar functionality as LP-SINR, for simplicity of normative work, we can keep LP-RSRQ.
·  Definition of legacy RRM measures/metrics such RSSI, RSRP and RSRQ can be updated to LP-RSSI, LP-RSRP and LP-RSRQ for envelop detector and OFDMA receiver without FFT. These receivers cannot measure on a RE level. Introduction of LP-SINR as new measure can be further considered in normative phase. For LP-SS based measurements, LP-SINR and LP-RSRQ as relative measures may be easier to obtain compared to absolute measures such as LP-RSSI and LP-RSRP. If the max supported LP-WUR BW would be 5MHz, OFDMA receiver cannot receive 30kHz PBCH but can receive PSS and SSS.


	Futurewei
	
	We agree with vivo’s update.

	Xiaomi
	Y
	Generally fine.

	LGE
	
	Agree with vivo’s comments. SINR is not used for Idle/Inactive mode RRM measurement and MR performs RRM measurement in Connected mode, so we doubt the necessity of introducing LP-SINR. 

	Huawei, HiSilicon
	Partially Y
	We agree with vivo’s modification.

	Sharp
	
	Ok with vivo’ version

	FL2 
	
	FL2-Hi-Proposal-10: 
Definition of legacy RRM measures/metrics such RSSI, RSRP and RSRQ can be updated to RSSI, RSRP, RSRQ for envelop detector and OFDMA receiver without FFT. These receivers cannot measure on a RE level.



Other 

Re-use of LR measurement to MR could save power, but performance/accuracy should not be impacted [14]
Discuss further on reference resource after waveform is decided [11]

Synchronisation of LP-WUR 

	Agreement
The following observations are to be captured in the TR
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following functionality.
· RRM measurements by LP-WUR, if supported 
· at least coarse time synchronization of LP-WUR. 
· at least coarse frequency synchronization of LP-WUR.
· Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, # of beams, and resource required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-specific) and such further reduce system overhead. 
· For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization, existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality. 
· Periodic LP-SS coverage should be equal or better than that of LP-WUS.
· For fine time and frequency synchronization, a signal (e.g. preamble) preceding or part of LP-WUS may be used.





LP-SS
· Supported for RRM measurements [5][16](including in RRC connected)[22][24]
· [7][13][24] It is recommended to support a unified periodic signal with sparse periodicity (LP-SS) for LP-WUR synchronization and measurement purposes. 

· LP-SS should be cell specific [21]
· Support low-density sequences generated using waveform Option OOK-4 with M>1 for LP-SS design. Performance improvement of unbalanced (in terms of 0s/1s) over balanced sequences is shown. [1]

FL1-Hi-Proposal-11: 
TP for TR38.869:
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic cell-specific LP-SS signal is recommended to be supported for the following functionality.
· RRM measurements by LP-WUR, if supported. 
· [at least coarse time synchronization of LP-WUR.] 
· [at least coarse frequency synchronization of LP-WUR.]

	Company
	Agree Y/N
	Comments

	Spreadtrum
	
	We should keep in mind that LP-SS is always-on once a cell support LP-WUS.

	vivo
	Partially yes
	It’s not necessary to make constraint on cell-specific LP-SS in SI, whether it is cell-specific or not can be determined in normative phase. And delete the brackets for the last two sub-bullets as they were agreed in RAN1#113 meeting.
TP for TR38.869:
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic cell-specific LP-SS signal is recommended to be supported for the following functionality.
· Serving cell RRM measurements by LP-WUR, if supported. 
· [at least coarse time synchronization of LP-WUR.] 
· [at least coarse frequency synchronization of LP-WUR.]


	Futurewei
	
	We are OK.

	Xiaomi
	Partially yes
	Generally fine, and suggest to delete the square bracket
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic cell-specific LP-SS signal is recommended to be supported for the following functionality.
· RRM measurements by LP-WUR, if supported. 
· [at least coarse time synchronization of LP-WUR.] 
· [at least coarse frequency synchronization of LP-WUR.]


	LGE
	Partially Y
	In the current stage, we think it is more appropriate that LP-SS should be supported for serving cell RRM measurements by LP-WUR. 

	Huawei, HiSilon
	Partially Y
	It is too early to conclude ‘cell-specific’. And we also support to remove the brackets for the sub-bullets.
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic cell-specific LP-SS signal is recommended to be supported for the following functionality.
· RRM measurements by LP-WUR, if supported. 
· [at least coarse time synchronization of LP-WUR.] 
· [at least coarse frequency synchronization of LP-WUR.]




	FL2
	
	FL2-Hi-Proposal-11
TP for TR38.869:
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic cell-specific LP-SS signal is recommended to be supported for the following functionality.
· RRM measurements by LP-WUR, if supported. 
· [at least coarse time synchronization of LP-WUR.] 
· [at least coarse frequency synchronization of LP-WUR.]





LP-SS synch functionality

Time synch by time domain correlation [2]
Frequency synch by parallel branch receiver [2][17]
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FL note: Depending on selection of waveform frequency synch may not be needed at all, because OOK-1 and OOK-4 were shown to be robust up to half MHz frequency offset?


Periodicity

Periodicity of LP-SS should not be the same as that of LP-WUS [9]
Periodicity of LP-SS based on RRM measurement considerations, UE distribution over paging frames, and synchronization requirements [25]
Periodic synch is needed to allow for un-lock oscillator [11]

Based on agreed model 1 [2]

	Assumed residual time and frequency error
	Target time or frequency error
	Required periodicity of LP-SS

	Time error = 0us
Frequency error = 5ppm
	Time error = 2us
	398.4ms

	
	Frequency error = 10ppm
	50s




Synchronization valid up to 100ms periodicity after LP-SS [27][26] assuming 20ppm RTC

[image: A graph of numbers and lines

Description automatically generated]
[bookmark: _Ref131607104]Figure 23 Impact of LP-SS periodicity on the CDF of the absolute timing error [24]



FL1-Hi-Proposal-12: 
TP for TR38.869:
· Periodicity of LP-SS depends on RRM measurement considerations, UE’s LP-WUS monitoring occasions distribution over paging frames, synchronization requirements, selection of waveform and whether on-demand preamble is additionally supported or not.

	Company
	Agree Y/N
	Comments

	vivo
	
	Considering the LP-SS evaluations performed by companies, periodicities of no less than 320 ms for LP-SS are mostly picked by companies in terms of network overhead and performance requirement, e.g., sync requirement, RRM measurement requirement. Therefore, we suggest the following:
· Periodicity of LP-SS is no less than 320ms
· Periodicity of LP-SS depends on RRM measurement considerations, UE’s LP-WUS monitoring occasions distribution over paging frames, synchronization requirements, selection of waveform and whether on-demand preamble is additionally supported or not.
.



	Futurewei
	
	We are OK.

	Xiaomi
	Y
	Generally fine

	LGE
	Y
	Okay with the proposal.

	Huawei, HiSilicon
	Partially Y
	‘UE’s LP-WUS monitoring occasions distribution over paging frames’ is not clear to us. So suggest to remove it
· Periodicity of LP-SS depends on RRM measurement considerations, UE’s LP-WUS monitoring occasions distribution over paging frames, synchronization requirements, selection of waveform and whether on-demand preamble is additionally supported or not.


	FL2
	
	FL2-Hi-Proposal-12: 
TP for TR38.869:
· Periodicity of LP-SS depends on RRM measurement considerations, delay between LP-WUS monitoring occasions and LP-SS, synchronization requirements, selection of waveform and whether on-demand preamble is additionally supported or not.





Design

LP-SS has same waveform as LP-WUS. [8][14][19]
LP-SS must be OOK to be robust to fading [17]
LP-SS and LP-WUS has common reception [16][21]


FL1-Hi-Proposal-13: 
TP for TR38.869:
Proposal: Capture in TR:  
· LP-SS should be designed so that it can be received with the same receiver as LP-WUS.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	
	If LP-SS is purely OOK based, it can be only efficient for symbol boundary detection. The OOK-based preamble in 802.11ba has problems for fine sync and cell specific measurement (assuming inter-cell interference in cellular system). From UE vendors, we suggest being careful to make decision of purely OOK based LP-SS, which may be degrade LR performance significantly.

	vivo
	
	Considering LP-SS has been agreed for LP-WUR that cannot receive existing PSS/SSS, we think LP-SS should be designed based on envelop detection. Further, as FSK may not be able to exploit soft information for sequence detection due that hard decision should be made for each information bit before sequence detection, OOK is preferred. Therefore, we suggest the following:
LP-SS should be designed based on OOK.

	Futurewei
	
	The purpose of the proposal is not clear to us, is the purpose to limit LP-SS and LP-WUS to either OOK or FSK? If so, then it might be better to consider an explicit proposal as suggest by vivo, however, we believe that FSK (M=1) may be better for single shot frequency and time error estimation.

	Xiaomi
	Y
	Generally fine

	Huawei, HiSilicon
	Y
	First, we haven’t decide which waveform is used for LP-WUS.
Second, even the waveform of LP-WUS is OOK, the LP-SS may be completely the same as OOK. So, we think the wording from FL is more proper.

	
	
	




Structure and content of LP-SS

The structure of LP-SS can be ‘sequence + message with encoded bits’, if the following information are carried by LP-SS: 
· Indexing is needed to differentiate beams [4]
· Beam sweeping support needed [21]
· cell information, [2]
· SI change [2][13]
· ETWS/CMAS information, [2][13]
· tracking area information, and RAN area information [2]
· activation and deactivation of LP-WUS monitoring

Sequence only [23]


[7][13] Potential alternatives of LP-SS structure could be: 
· Alt 1: sequence(s) 
· Alt 2: sequence(s) followed by encoded bits (with CRC)  

FL1-Hi-Proposal-14: 
TP for TR38.869:
Proposal: Capture in TR:  
· LP-SS structure could be sequence(s) or sequence(s) followed by encoded bits (with CRC). LP-SS should be cell-specific and carry beam index. 

	Company
	Agree Y/N
	Comments

	Spreadtrum
	
	We don’t know benefit of sequences followed by encoded bits. For LP-WUS, there are two alternatives, sequences and encoded bits. For LP-SS, these two alternatives are enough. Sequences before encoded bits in 3GPP’s terminologies is just reference signal?

	vivo
	Partially Y
	We suggest to delete the 2nd sentence which can be discussed in normative phase:
Proposal: Capture in TR:  
· LP-SS structure could be sequence(s) or sequence(s) followed by encoded bits (with CRC). LP-SS should be cell-specific and carry beam index. 


	CTC
	Partially Y
	Similar with vivo that the discussion of LP-SS content should be postponed.

	Futurewei
	
	We suggest the following edit:
· LP-SS structure could be sequence(s) or sequence(s) followed by encoded bits (with CRC). LP-SS should can be cell-specific and may carry beam index. 

	Xiaomi
	Y
	Generally fine

	LGE
	
	We have a concern on LP-SS carrying beam index. We did not have enough discussion on LP-SS carrying beam index, so it seems early to have conclusion that LP-SS should carry beam index.

	Huawei, HiSilicon
	Partially Y
	Agree with vivo’s modification.

	Sharp
	Y
	we are ok with cell-specific LP-WUS for idle UE, just like R17 TRS for power saving.

	FL2
	
	FL1-Hi-Proposal-14: 
TP for TR38.869:
Proposal: Capture in TR:  
· LP-SS structure could be sequence(s) or sequence(s) followed by encoded bits (with CRC). LP-SS should can be cell-specific and can carry beam index. 





PSS/SSS

For sequence-based receiver SSS can be used [2] if LP-WUS supports BW larger than 3.84MHz

Preamble/LP-WUS vs LP-SS

· If preamble of LP-WUS is always ON, then preamble can be used as LP-SS. [13]
· Need depends on periodicity of LP-SS and preamble would be new in 3GPP [4]
· Preamble along with low periodicity LP-SS signal could reduce overall resource overhead [11]
· Needed to allow for low-power sleep clock [7]
· Needed for OFDMA receiver. so that it does not need to rely on SSB [9]
· Preamble on top of LP-SS has no advantage [16]
· LP-sync-preamble signal can be used for synchronization. However, it requires continuous monitoring by WUR, which is power consuming at the WUR. [24]
· LP-WUS, when transmitted, can aid synch [4]
· For synch LP-WUS could replace LP-SS, but not for RRM [24]


[17] Potential field to discuss
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[24]
	
	(a) LP-SS
	(b) Preamble only
	(c) Hybrid
LP-SS + preamble

	Overhead
	Fixed overhead;
Depends on LP-SS periodicity. With LP-SS periodicity of 1.28 sec, the overhead is quite low compared to SSB.
This is more predictable to gNB resource scheduling point of view.
	Variable overhead;
Depends on the # of UEs paged. On average, if there is more than two or more UEs paged during one DRX cycle, then, the overhead gets larger than LP-SS.
	Somewhere in between the (a) and (b). When there are large number of UEs in the cell, shared LP-SS could save resources significantly, while helping sync for each UE based on preamble.

	RRM offloading
	Periodic LP-SS could directly used for offloading RRM.
	Since WUS may or may not be transmitted, it cannot be used for RRM offloading.
	Periodic LP-SS could be directly used for offloading RRM to LP-WUR.

	Power consumption
	Additional power consumption could be limited by duty cycled monitoring of LP-SS.
	LP-WUR should continuously monitor WUS to detect preamble, which increases power consumption.
	In between (a) and (b)


	WUS monitoring scheme
	Fit to duty cycled WUS monitoring
	Fit to continuous WUS monitoring
	Fit to duty cycled WUS monitoring



FL1-Hi-Proposal-15: 
TP for TR38.869:
Proposal: Capture in TR:  
· Presence of periodic LP-SS enables UE to monitor with duty cycle. If only preamble/LP-WUS is adopted for synchronization, UE must monitor continuously.
· Preamble/LP-WUS cannot be utilized as a stand-alone resource for RRM measurements.
· Required overhead for preamble/LP-WUS depends on paging frequency, while for LP-SS it is fixed.

	Company
	Agree Y/N
	Comments

	
	
	

	Spreadtrum
	
	Preamble for AGC in NR’s terminologies is just a part of referent signal (AGC may consume a symbol and this symbol cannot be used for channel estimation). Preamble for sync in NR’s terminologies is just a part of reference signal, e.g. for channel estimation. Therefore, we do not need to use preamble explicitly in current stage. Or, we should define preamble explicitly to avoid misunderstanding, e.g. preamble can be sequence before encoded bits of LP-WUS, if LP-WUS carries information by encoded bits.

	Futurewei
	
	We agree.

	Xiaomi
	Y
	Generally fine

	Huawei, HiSilicon
	Partially Y
	Periodical LP-SS not only enables duty cycle monitoring, but also continuous monitoring. So, we don’t see the technical point of 1st bullet.
We are OK for the 2nd bullet.
The last bullet provides no information, so it is not needed.

	
	
	Signal (e.g. preamble) preceding or part of LP-WUS

FL1-Hi-Proposal-15: 
TP for TR38.869:
Proposal: Capture in TR:  
· Presence of periodic LP-SS is required for UE to monitor with duty cycle. 
· Signal (e.g. preamble) preceding or part of LP-WUS/LP-WUS cannot be utilized as a stand-alone resource for RRM measurements.
· Required overhead for Signal (e.g. preamble) preceding or part of LP-WUS/LP-WUS depends on paging frequency, while for LP-SS it is fixed.






Other: Synch from WUR to MR

If LP-WUR can keep track of NR time from LP-WUS/LP-SS, it may aid synchronization of MR upon wake up. [2][19]

 Content of LP-WUS IDLE/INACTIVE
	Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.




Main content
paging info per-UE: [2][7][20](only)[21]
· could be considered [15][14][16]
· should not be ruled out before potential reduced size for UE-ID is known [2]
· reduction of UE-ID should be initialized by RAN2 [FL]  
paging info per-group: [2][3][5][7][11](only)[14][15](only)[19][20](only)[21][24][25]
· grouping can be designed to optimize groups for power saving.

Other content
Tracking area/RAN area information [2] (by LP-SS) [6]
Cell information [2](by LP-SS)[5][6][8][18][21][24]
SI change and ETWS/CMAS information [2] (by LP-SS instead) [6][18][21]
Control: Indicates a WUS configuration change, e.g. WUS periodicity or Group Change, from a pre-configured set of configurations [3]
Data: Allow for small data transmission in WUS, e.g. trigger an action for an actuator, without having to switch to RRC_CONNECTED [3]

Other aspects
indication of wake-up [21] -> FL: is this needed explicitly?
support paging to multiple UEs/groups with single LP-WUS [24] -> FL: work item issue?
Target rate for LP-WUS 10-100kbits [2] -> FL: this should come out of coverage studies?

FL1-Hi-Proposal-16: 
TP for TR38.869  
· For IDLE/INACTIVE mode, LP-WUS carries at least the following content:
· information on which group/sub-group is targeted.
· UE-ID if LP-WUS payload is sufficient.
· Cell information, SI change and ETWS/CMAS information if LP-WUS payload is sufficient.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	
	UE-ID is too aggressive. UE group/subgroup for paging/PEI is also a a part of UE-ID indeed. It can be “information on UE group/sub-group/ID”

	vivo
	
	As the size of bits that can be carried by WUS is not determined yet. The 2nd and 3rd sub-bullet could be discussed in normative phase:
· For IDLE/INACTIVE mode LP-WUS can carry at least the following content:
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID

· information on which group/sub-group is targeted.



	CTC 
	
	Too much information carried in LP-WUS will impact the coverage performance, hence cell information, SI change and ETWS/CMAS information should not be considered.

	Futurewei
	
	We agree with the proposal.

	Xiaomi
	Partially N
	We are wondering the need of having SI change information in LP WUS. For a UE with MR sleep and monitoring LP WUS, the only system information that UE cares is the configuration of LP WUS/LP-SS configuration( if it is carried in SI), so if the SI for configuration of LP WUS/LP-SS is changed, it is beneficial to inform UE, however the modification of other SIs should not wake up UE, otherwise it will increased UE power consumption unnecessarily.
Suggest the following modification
· For IDLE/INACTIVE mode, LP-WUS carries at least the following content:
· information on which group/sub-group is targeted.
· UE-ID if LP-WUS payload is sufficient.
· Cell information, some part of SI change and ETWS/CMAS information if LP-WUS payload is sufficient.



	LGE
	
	We share the view with vivo. Including other information other than information about targeting UE can be critical for the coverage performance. So these should be discussed in normative phase. Also, we can use the wording as we already agreed. 

	Huawei, HiSilicon
	Y
	We support to list both UE ID and group ID for now, since it is not clear how many bits are needed. (so it is too early to say UE ID cannot be supported).
For the other information, they can be carried in LP-SS to reduce the overhead, also Tracking area/RAN area information should also be considered. So we suggest the following
· For IDLE/INACTIVE mode, LP-WUS or LP-SS carries at least the following content:
· information on which group/sub-group is targeted.
· UE-ID if LP-WUS payload is sufficient.
· Cell information, Tracking area/RAN area information, SI change and ETWS/CMAS information if LP-WUS payload is sufficient.


	Sharp
	
	information for group/sub-group is basically ok, and it is not clear how to define the condition for “payload is sufficiient”.

	FL2
	
	FL2-Hi-Proposal-16: 
TP for TR38.869  
· For IDLE/INACTIVE mode, LP-WUS carries at least the following content:
· information on which group/sub-group is targeted.
· UE-ID if LP-WUS may be considered in normative phase payload is sufficient.
· Cell information, SI change and ETWS/CMAS information may be considered in normative phase if LP-WUS payload is sufficient.




 Coding/structure 

	Agreement
· Study further following alternatives to carry the LP-WUS information using: 
· Alt 1: by sequence(s) detection/selection  
· FFS sequence type
· Alt 2: by encoded bits 
· FFS: what type of encoding scheme
· FFS: with or without other bits (e.g. CRC/FCS) 
· Other alternatives are not precluded
· Study whether LP-WUS information needs to be preceded by known one or more sequence(s). 




Add Alt3 by location of MO [16][22]


Coding schemes contributed: 
· MDS bit linear block codes [2] >4dB gain
· coded bit sequence can be compared directly.
· Extended Manchester coding [3]
· The power of the OOK symbols is independent of the payload
· Performance gain/coverage improvement since 
· Simplified detection, no threshold detection, only comparison
· Manchester coding is DSS not FEC [4]
· Support Manchester coding [9][19][20]
· CRC for payload [19][20]
· Manchester coding can be applied with other coding [3]
· e,g, overlay code -> increases spectral efficiency at expanse of complexity [3]


Considered sequences:
m-sequence, PN-sequence, and gold code [23]
m-sequence, gold code [24]
M-sequences would limit the information carried Gold sequences instead [11]
Kasami sequences [9]
Gold sequences [15]

Alt1 because payload should be small [25]
Alt1 for OFDMA receiver [13], but for LP-WUS Alt2 with or without preamble should be supported [13]
Alt 2 is preference [16]
Alt 2 is more flexible [23]
Alt1 + Alt2 wake-up by sequence and subgroup by code block [12]
Alt1 + Alt2 is not precluded, sequence with Manchester coding [3]
[8] Using sequence detection/selection to carry the LP-WUS information may provide better coverage with compromised capacity and data rate and be more robust to frequency error. Using encoded bits is more straightforward and flexible to achieve higher throughput and accommodate payloads for more functionalities and forward compatibility. On the other hand, channel encoding, CRC and reference signal design need more standardization efforts.



	
	Sequence based information carrying
	Encoded bits based information carrying

	Info. bits number [6][4][20]
	1~3 (up to 8 sequences)
	12~48 (more bits than CRC)

	Replacement[4]
	PEI
	Paging message

	FAR guarantee[4]
	Long sequence
	CRC

	Latency[4]
	High
	Low

	Coverage[4]
	Large (large processing gain)
	Small (low coding gain, since Manchester code is not a real FEC code)

	Robustness to timing error [7]
	4us
	2us

	Complexity[11]
	Low
	Moderate





FL1-Hi-Proposal-17: 
TP for TR38.869
· Sequences are suitable for small payloads, have better coverage than encoded bits and reception is of low complexity. Long sequence ensures low FAR and therefore, sequences are typically long and result in higher latency. 
· Encoded bits are suitable for large payloads, have worse coverage than sequence and reception is of higher complexity. CRC/FCS ensures low FAR and latency is lower than for a sequence.
· Payload can be carried also implicitly, by location of LP-WUS occasion(s).
· Above options to carry payload are not exclusive.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	
	“Payload” should be “encoded bits” as our previous agreement on LP-WUS carrying information.

	vivo
	
	To achieve similar functionality as PEI, information payload carried by WUS shall be up to 8bits, and thus [1-8]bits carried by WUS could be considered. Further, to reduce false alarm rate to pursue power saving gain, more information from UE can be carried, e.g., partial UE-ID, and thus, larger than 8 bits could be also considered. The size of information payload carried by LP-WUS could be discussed and determined in normative work, we suggest the following:
· Information payload carried by LP-WUS can be [1~X] bits (excluding CRC, if any), with X>=8, upper limit to be decided in WI phase
· LP-WUS information can be carried by the following alternatives: 
· Alt 1: by sequence(s) detection/selection  
· FFS sequence type
· Alt 2: by encoded bits 
· FFS: what type of encoding scheme
· FFS: with or without other bits (e.g. CRC/FCS)
· Other alternatives are not precluded
· LP-WUS information can be preceded by known one or more sequence(s).



	Xiaomi
	Partially Y
	We have the following modification suggestion:
· Sequences are suitable for small payloads, have better coverage than encoded bits and reception is of low complexity. Long sequence ensures low FAR and therefore, sequences are typically long and result in higher latency. 
· Encoded bits are suitable for large payloads, have worse coverage than sequence and reception is of higher complexity. CRC/FCS ensures low FAR and latency is lower than for a sequence.
· Payload can be carried also implicitly, by location of LP-WUS occasion(s).
· Above options to carry payload are not exclusive.
From our understanding, detection of OOK-1 encoded bits is based on energy detection and we can not say it is more complex than sequence detection.

	Huawei, HiSilicon
	N
	It is not motivated to say reception of sequence is of low complexity. Also, the FAR of sequence detection can be controlled by setting different detection thresholds. Encoded bits also does not necessarily to have worse coverage performance. So we suggest to only list the possible ways (as suggested by vivo) without stating the pros/cons due to lack of consensus.

	Futurewei
	
	We agree with vivo and Huawei that we can list the both options and leave details for WI. Also, our understanding is that for the same payload, sequence detection complexity can be more than that of encoded bits.




Coverage
	Agreement
· Study techniques/mechanisms to enhance coverage performance of LP-WUS
· Study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
· Study potential issues and corresponding solutions for the case when LP-WUS coverage is insufficient 
· At least study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold.

Agreement
· Study the following techniques/mechanisms to enhance coverage performance of LP-WUS
· low complex channel coding 
· FEC
· spreading code in time domain
· time domain repetition 
· with combining before or after ED
· time-domain interleaving
· Note: Also Manchester coding can be considered as channel code     
· non-contiguous transmission in the frequency domain
· frequency domain repetition 
· frequency-hopping
· power-boosting
· transmit diversity
· study whether any above techniques could be transparent to UE.





Note that coverage targets and performance is handled in 9.11.1, here I focus on techniques to enhance coverage performance of LP-WUS!

· Power boosting [2] [13]
· Activation/Deactivation mechanism is sufficient [14]
· Lowering data-rate [13]
· Time-domain repetition [2][6][13][19]
· Time domain repetition (4x) and transmit diversity by precoder cycling are considered to improve the performance (2dB) of LP-WUS.  [2]
· By 2dB per every 2x [25]
· Transmit diversity [2][24] 
· Non-contiguous transmission 
· resource fragmentation [2]
· Frequency-domain repetition [6 FFS]
· advantage over using larger BW is unclear [2]
· Frequency-hopping [6 FFS][13]
· provides time diversity without increasing overhead [2]
· shows 2.5dB gain [13]
· Manchester coding [6], Spreading code [6 FFS][8], FEC [23]

Transperent or not? [23]
	techniques/mechanisms
	be potentially transparent to UE？

	[bookmark: _Hlk142657741]non-contiguous transmission in the frequency domain
	Uncertain, the implementation process is unclear.

	frequency domain repetition
	No, UE must be aware of the repetition pattern for combination.

	frequency-hopping
	No, the hopping pattern should be known by UE

	power-boosting
	No, if RRM measurement based is applied, the boosting offset should be broadcasted to UE for RSRP measurement. 

	transmit diversity
	Yes, just like LTE cases.



FL1-Hi-Proposal-18: 
 TP for TR38.869
· for coverage enhancement of LP-WUS, if needed, at least the following techniques/mechanisms can be considered, if needed:
· transparent transmit diversity. 
· time domain repetition. 
· power boosting which could be transparent unless resource is used for a measurement. 
· frequency hopping, which is not transparent, but does not increase overhead.
· FEC, if payload LP-WUS is adopted.

	Company
	Agree Y/N
	Comments

	vivo
	Y
	

	Xiaomi
	Y
	

	Huawei, HiSilicon
	Y
	We think it is a good narrow-down from the candidates in #113. 
For the last bullet of FEC, we are not sure what’s the intension for ‘if payload LP-WUS is adopted’. What kind of payload is adopted? The information beside UE/group ID? We don’t see the necessity to add such kind of condition, so suggest to remove it. 
· FEC, if payload LP-WUS is adopted.


	Sharp
	Y
	

	Futurewei
	Y
	

	FL2 
	
	FL2-Hi-Proposal-18: 
 TP for TR38.869
· for coverage enhancement of LP-WUS, if needed, at least the following techniques/mechanisms can be considered, if needed:
· transparent transmit diversity. 
· time domain repetition. 
· power boosting which could be transparent unless resource is used for a measurement. 
· frequency hopping, which is not transparent, but does not increase overhead.
· FEC, if payload LP-WUS is adopted.




 Inter-cell interference and multiplexing 
Inter-cell interference
· Sequences such as ZC, with good cross-correlation properties may tackle inter-cell interference for OOK and FSK. [2]
· For envelope detection based receiver, inter-cell interference and noise cause similar impacts to WUS signal. [7]
· Inter-cell mitigation by envelop IFs [1]
· Manchester provides robustness against inter-cell interference [10]
· OOK is prone to inter-cell interference[25]

Proposal: Capture in TR:  
· [Inter-cell interference impacts OOK performance similarly as noise.]
· Using sequences with good cross-correlation properties for modulating [OOK] segment improves robustness against inter-cell interference. 
· Manchester coding improves robustness again inter-cell interference


Multiplexing
· For multiplexing of LP-WUSs for different UEs, study at least TDM, FDM, CDM. [2]
· CDM between LP-WUS would result into muti-level code, in terms of amplitude [23]
· Multiplexing TDM/FDM with other NR signals [25]
· Reuse of unused LP-WUS resource for other NR signals [25]
· Capture following in the TR that the LP-WUS can co-exist with legacy signals/channels in TDMed and/or FDMed multiplexing manner in the same carrier. Introducing the LP-WUS will have no significant impacts on coexistence with non-low-power-WUR UEs. [7]

FL1-Hi-Proposal-19: 
 TP for TR38.869
· For multiplexing between LP-WUS and other NR signals and channels, TDM and FDM can be used. LP-WUS unused resources should be possible to reuse for other NR signals and channels.
· For multiplexing between LP-WUSs for different UEs, at least TDM and FDM is recommended.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	Partially Y
	“different UEs” can be “different UE groups or UE subgroups or UEs”

	vivo
	Y
	

	CTC
	Y
	

	Xiaomi
	Y
	Also OK with the comment from spreadtrum.

	Huawei, HiSilicon
	Y
	Besides TDM and FDM, DCM is another way to multiplex UEs, and as shown in our tdoc CDM shows better performance than TDM with higher data rate. So we suggest the following change in purple.
· For multiplexing between LP-WUSs for different UEs, at least TDM and FDM is recommended, and CDM can be further considered.


	Sharp
	Y
	

	Futurewei
	
	We are OK and also agree with comment from Spreadtrum (we can keep LP-WUSs without “for different UEs”) and Huawei.

	FL2
	
	FL2-Hi-Proposal-19: 
 TP for TR38.869
· For multiplexing between LP-WUS and other NR signals and channels, TDM and FDM can be used. LP-WUS unused resources should be possible to reuse for other NR signals and channels.
· For multiplexing between LP-WUSs for different different UE groups or UE subgroups or UEs, at least TDM and FDM is recommended, and CDM can be further considered in normative phase.





LP-WUS monitoring 
	Agreement
Study further pros and cons of the following monitoring behaviors of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 



· Support the slot/occasion for LP-WUS, where a LP-WUS can only be transmitted from the starting location of a slot/occasion for LP-WUS [2][7][15][22]
· LP-WUS occasions are in NR slot/symbol grid [2][7]
· Periodic window with multiple LP-WUS occasions [7]
· Periodicities to be discussed in normative phase [7]
· Monitoring config is cell or user-specific [21]
· Duty-cycle is supported. [15][18][23]
· For idle/inactive mode, always-on and duty cycle can be supported. [13]
· From gNB perspective, the slot/occasion for LP-WUS can be continuously located.  [2]
· The relationship between the slot/occasion for LP-WUS and slot/frame of legacy NR system will simplify specification. [2]
· Indexing of the slot/occasion for LP-WUS enables WUR to keep track of timing. [2]
· “Continuous monitoring“ can be regarded as monitoring once a slot. [2]
· Duty cycle aka DRX for LP-WUS monitoring is preferred choice for all receivers except RF envelop detector [11]

FL1-Hi-Proposal-20: 
 TP for TR38.869
· Support the slot/occasion for LP-WUS, where a LP-WUS can only be transmitted from the starting location of a slot/occasion for LP-WUS. 
· LP-WUS occasions follow NR slot/symbol grid. 
· Periodic window with multiple LP-WUS occasions to be discussed in normative phase. 
· Periodicities of LP-WUS occasions to be discussed in normative phase.
· LP-WUS monitoring configuration can be cell or user-specific.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	Partially Y
	“Periodic window” is not necessary to be captured. “monitoring window” due to time error is just UE implementation. It does not mean multiple monitoring occasions.

	vivo
	
	Low priority

	Xiaomi
	
	Seems the proposal wants to support duty cycle monitoring. And we suggest the following modification,
· Support the periodical slots/occasions for LP-WUS, where a LP-WUS can only be transmitted from the starting location of a slot/occasion for LP-WUS. 
· LP-WUS occasions follow NR slot/symbol grid. 
· Periodic window with multiple LP-WUS occasions to be discussed in normative phase. 
· Periodicities of LP-WUS occasions to be discussed in normative phase.
· LP-WUS monitoring configuration can be cell or user-specific.



	LGE
	
	Agree with Spreadtrum. 

	Huawei, HiSilicon
	Partially Y
	We are fine with the main bullet and the 1st sub-bullet. 
For the last three sub-bullets, it seems to be some details and there is no need to mention them.
So we suggest the following changes in purple.
· Support the slot/occasion for LP-WUS, where a LP-WUS can only be transmitted from the starting location of a slot/occasion for LP-WUS. 
· LP-WUS occasions follow NR slot/symbol grid. 
· Periodic window with multiple LP-WUS occasions to be discussed in normative phase. 
· Periodicities of LP-WUS occasions to be discussed in normative phase.
· LP-WUS monitoring configuration can be cell or user-specific.


	Futurewei
	
	We are OK.

	FL2
	
	FL2-Hi-Proposal-20: 
 TP for TR38.869
· Support the slot/occasion for LP-WUS, where a LP-WUS can only be transmitted from the starting location of a slot/occasion for LP-WUS. 
· LP-WUS occasions follow NR slot/symbol grid. 
· Periodic window with multiple LP-WUS occasions to be discussed in normative phase. 
· Periodicities of LP-WUS occasions to be discussed in normative phase.
· LP-WUS monitoring configuration can be cell or user-specific.




 Procedures for MR upon wake-up from ultra-deep sleep
	Proposal-13(in RAN1#112): Study further pros and cons of the following procedures of MR wake-up from ultra-deep sleep
· Option 1: perform PO monitoring, and afterwards follow legacy procedures 
· Option 2: perform PEI monitoring, and afterwards follow legacy procedures
· Option 3: transmit PRACH for initial access, and follow legacy procedures 
· Option 4: monitor system information, and follow legacy procedures




Summary from [1]
	
	Scheme 1:
 LP-WUS in place of PEI and triggering the detection of PO
	Scheme 2: 
LP-WUS in place of PO indication

	Power saving effect
	 Power saving of PEI detection with LP-WUR in place of DCI format 2_7.
	Power saving without additional detecting PEI, Paging PDCCH and associated paging information on PDSCH.

	Information carried by the LP-WUS
	Wakeup information 
	Wakeup information
SI change
ETWS
UE-specific information 

	Specification impact
	PEI
	PEI
Paging PDCCH
Paging information on PDSCH




After receiving LP-WUS
· For UE specific LP-WUS UE sends the PRACH or monitors PO; [13]
· For group specific LP-WUS, UE monitors PO or PEI. [13]
· at least “monitors PO” is supported [7][14][24][25][5]
· RACH [18 (considered)] [22 (study)]
· monitor PEI is supported [14]


Consider dynamic PO [13][16][22]
· would need to be distinguished from regular PO [22]
· latency advantage is marginal considering default 1.28s I-DRX [24]

FL1-Hi-Proposal-21: 
 TP for TR38.869
· After receiving LP-WUS with wake-up indication, UE may continue with legacy PO or PEI procedure. As part of enhancements, dynamic PO and legacy PRACH procedure can be considered for latency reductions, but these having additional specification impact.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	
	Dynamic PO may increase bits for paging PDSCH, which may affect the legacy UEs

	vivo
	
	· After receiving LP-WUS with wake-up indication, UE continues with legacy PO or PEI procedure is taken as baseline. As part of enhancements, dynamic PO and legacy PRACH procedure are not precluded.


	CTC
	Y
	

	Xiaomi
	Y
	Generally fine, and also OK with VIVO’s modification.

	LGE
	Y
	Okay with the proposal.

	Huawei, HiSilicon
	N
	We don’t see additional spec impact of legacy PRACH procedure. Could the FL clarify?

	Sharp
	
	if activation and deactivation of WUS monitoring is transpartent to gNB, gNB need to send paing info both in dynamic PO and legacy PO, this will take negatve impact on gNB’s overhead and power saving.

	Futurewei
	
	We are OK with the proposal.



Activation/Deactivation procedures of LP-WUS in IDLE
	Agreement
· For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
· Alt 1a: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 2: 
· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
· Paging misdetection performance shall not be impacted.




Alt 1a [2][7][16][17][19][20][23][26]
· even if criteria is configured but UE can still monitoring paging instead of LP-WUS (up to implementation) [2]
· more flexibility and responsibility to UE 
Alt 1b [6][13][16][2][22][27]
· should be predictable, thus Alt 1b [6][13][14]


Alt2 [4][6][9][11][13][14][17][21]
· can reduce payload of LP-WUS [4]
· due to low coverage support of WUS in cell is informed by broadcast [11]
· cell-specific activation/deactivation makes no sense, it should be UE specific [11]
· by presence of LP-WUS configuration in SIB [17]
· activation of LP-WUS is acknowledged by MR [21]

Other 
· Measuring reliability of LP-WUS reception at UE or gNB is crucial to ensure reliability of paging, how to do that needs to be discussed. [9]
· Activation and de-activation criteria and signalling may be different and should be discussed separately. [14]
· Overhead from LP-WUS can be reduced if network is aware of cell where UE camps. [13]
· Reasons to fall-back to legacy paging procedure [22]
· When LP-WUR is deactivated
· When LP-WUS cannot be received/detected by LP-WUR
· When RRM measurement by LP-WUR cannot provide a stable metric
· When RRM measurement for neighbor cell is required


FL note: 
There is a different understanding among companies on what Alt 2 is. Some companies consider Alt 2 as gNB broadcasting support of LP-WUS in the cell. The others see Alt 2 as UE enrolling to LP-WUS in a cell through user-specific signalling. And the last group see Alt 2 as dynamic procedure, where UE dynamically informs network about monitoring of LP-WUS or not. Therefore, clarifications are needed. 


FL1-Hi-Proposal-22: 
 TP for TR38.869
· In Idle/Inactive mode, for activation and deactivation of LP-WUS monitoring, Alt 1a gives responsibility to gNB, while in Alt 1b responsibility is at UE side, both alternatives are transparent to gNB. Signalling mechanisms between UE and gNB may be needed to configure cell-specific or UE-specific LP-WUS parameters.

	Company
	Agree Y/N
	Comments

	Spreadtrum
	
	It is highly related to system overhead. For Alt-1a, if gNB always transmit LP-WUS even when UE does not monitor, it is waste of system resource quite largely.

	vivo
	Patially Y
	Suggest the following
· For IDLE/INACTIVE mode, the activation/deactivation of UE LP-WUS monitoring is transparent to gNB (some preconfigured threshold is not precluded), i.e. alt 1a or alt 1b. 


	Xiaomi
	
	We are not clear what exactly is referred by “Signalling mechanisms between UE and gNB may be needed to configure cell-specific or UE-specific LP-WUS parameters.”

	LGE
	Y
	Okay with the proposal.	
Regarding the preference, we are okay with Alt 1a and Alt 1b. But, we have slightly more preference on Alt 1a over Alt 2b. 

	Huawei, HiSilicon
	Partially Y
	Prefer vivo’s modification. We are also OK to add the last sentence based on vivp’s version: ‘Signalling mechanisms between UE and gNB may be needed to configure cell-specific or UE-specific LP-WUS parameters.’

	Sharp
	Y
	

	Futurewei
	
	We agree with the proposal.

	FL2
	
	FL2-Hi-Proposal-21: 
 TP for TR38.869
· After receiving LP-WUS with wake-up indication, UE may continue with legacy PO or PEI procedure. is taken as baseline. As part of enhancements, dynamic PO and legacy PRACH procedure are not precluded. As part of enhancements, dynamic PO and legacy PRACH procedure can be considered for latency reductions, but these having additional specification impact.






Other higher layer-aspects 

· LP-WUS resource could be also dedicated, this would reduce false alarm-rate but increase overhead [11]
· Network should support the LP-WUS waveform configuration. [11]
· The configuration of LP-WUS should be discussed, e.g. whether LP-WUS can indicate multiple paging occasions (i.e. PO), how many subgroups that a PO can associate and the relation between LP-WUS occasion and PO. [11]
· User-specific LP-WUS should be of high priority, this to save overhead and maximize PSG [13]
· LP-WUS and PO periodicities could be synchronized to minimize latency [17][18]
· Support LP-WUS with DRX and eDRX

FL1-Hi-Question: 
Anything of high priority?
	Company
	Agree Y/N
	Comments

	
	
	

	
	
	

	
	
	

	
	
	





 Connected mode LP-WUS specific issues
	Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.
Agreement
· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.
· Study additional support of RRM measurement by LP-WUR for RRC connected mode
· Study RRC connected mode LP-WUS functionality/purpose/procedures
· Study RRC connected mode LP-WUS activation/deactivation procedures.
· Study RRC connected mode LP-WUS BW, whether same as IDLE/Inactive mode or different 
· In RRC connected, study the relationship between LP-WUS and legacy UE power saving techniques.

Agreement
· In RRC CONNECTED mode, study benefit of LP-WUS over existing Rel-15, R16, and R17 power saving techniques for following functionalities: 
· LP-WUS with similar functionality as R16 DCP. 
· LP-WUS activates/resumes PDCCH monitoring when LP-WUS is received.
· interaction with legacy power saving techniques, if any 
· other functionalities are not precluded
· for evaluation 
· companies to report 
· assumption on MR sleep state when LP-WUR is monitoring LP-WUS
· deep sleep,
· light sleep, 
· micro sleep
· how to activate/deactivate LP-WUS monitoring and deactivate/activate PDCCH monitoring
· LP-WUS waveform
· In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer. 
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
other options are not precluded.




Signal design 
A unified LP-WUS signal design for CONNECTED mode and IDLE/INACTIVE mode can avoid supporting two kinds of LP-WUS receiver architecture for different RRC states. 

Unified design [2]
· waveform
· Same [2]
· Different 
· BW
· Same [2]
· Different [11]
· Payload is different [22]

FL1-Hi-Proposal-23: 
TP for TR38.869
Proposal: Capture in TR:  
· For RRC Connected mode, if supported, it is recommended that LP-WUS reuses waveform of Idle/Inactive mode LP-WUS. Payload and BW may be different. 	

	Company
	Agree Y/N
	Comments

	vivo
	Partially yes.
	Payload and BW can be discussed in normative phase.
Proposal: Capture in TR:  
· For RRC Connected mode, if supported, it is recommended that LP-WUS reuses waveform of Idle/Inactive mode LP-WUS. Payload and BW may be different. 	


	Xiaomi
	Y
	

	LGE
	Y
	Okay with the proposal.

	Huawei, HiSilicon
	Y
	We suggest to remove ‘if supported’

	Futurewei
	
	We are OK with the proposal.



Activation/Deactivation

Activation/Deactivation is known by gNB [2][7]
· RRC [7][11][13(baseline)][16]
· L1/L2 signalling [2][7][16]
· timer [2][7][13][16]
· UE explicit indication [16][22]
· Preconfigured criteria [19]
· Remove: “LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.” [5]


FL1-Hi-Proposal-24: 
TP for TR38.869
· In RRC CONNECTED mode, LP-WUS monitoring one or more of activation deactivation mechanisms/signaling for LP-WUS may be considered
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer. 
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.

	Company
	Agree Y/N
	Comments

	vivo
	Partially Y
	· In RRC CONNECTED mode, LP-WUS monitoring one or more of activation deactivation mechanisms/signaling for LP-WUS may be considered
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer. 
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.


	Xiaomi
	Y
	Generally fine, and we propose to add “LP-WUS monitoring by UE is known to gNB” to the main bullet.

	LGE
	Y
	Okay with the proposal.

	Huawei, HiSilicon
	Partially Y
	We are fine with vivo’s version.

	
	
	



Content
· LP-WUS can be used to indicate
· PDCCH monitoring [2][7][5]
· group/subgroup [5]
· UE-specific[11][14][16]
· LP-WUS could be used to wake-up UE to monitor PDCCH for a time duration [13]
· scheduling information.[2]
· Activate and deactivate SPS PDSCH [13]
· If supported, can be used for RRM measurements to avoid measuring gap. [24]
· Should be deactivated if significant PSG benefit over DCP is not identified.


FL1-Hi-Proposal-25: 
TP for TR38.869
· RRC Connected mode LP-WUS, if supported, indicates at least a wake-up to PDCCH monitoring. Whether indication is user-specific or UE-group specific is to be discussed in normative phase.

	Company
	Agree Y/N
	Comments

	vivo
	Y
	

	Xiaomi
	y
	

	LGE
	Y
	

	Huawei, HiSilicon
	Y
	Suggest to remove ‘if supported’

	Futurewei
	Y
	



 Relation to legacy power saving techniques

· When LP-WUS is specified, strive to reuse already specified functionalities from legacy power saving features, CDRX, DCI format 2_6 aka DCP, SSG switching, PDCCH monitoring skipping [2]
· Interaction of LP-WUS with C-DRX, DCI format 2_6 aka DCP, SSG switching, PDCCH monitoring skipping is allowed. [7]
· LP-WUS replacing would limit functionality only to UEs supporting C-DRX. [11]
· For connected mode, always-on monitoring should be supported. [13]
· LP-WUS could provide adjustment to CDRX parameter in addition to skip next ON-duration. [13]
· Should be able to operate without CDRX [14][27]

FL1-Hi-Proposal-26: 
TP for TR38.869
· RRC Connected mode LP-WUS, if supported, may interact with legacy power saving techniques, but should be designed to function also when non of legacy power saving techniques is configured. Compared to C-DRX, if LP-WUS is monitored continuously, latency can be reduced.


	Company
	Agree Y/N
	Comments

	vivo
	Partially yes
	Slightly change the wording and further we suggest to delete the last sentence, as latency results are collected in 9.11.1 and observations can be provided accordingly.
· RRC Connected mode LP-WUS, if supported, may interact with legacy power saving techniques, but the scenarios when none of legacy power saving techniques is configured should be also supported. Compared to C-DRX, if LP-WUS is monitored continuously, latency can be reduced.


	Xiaomi
	Y
	Also OK with VIVO’S modification

	Huawei, HiSilicon
	Y
	Suggest to remove ‘if supported’. We are fine with other part.

	Futurewei
	
	We are OK with proposal.



 Other 
· Deployment aspects related to bands and carriers [2][5][6][13][14] -> FL note: not planning to treat in RAN1#114 it was left up to RAN4
· Replace “separate receiver” by “virtual receiver” for LR [4]
· Study the following indication method for LP-WUS successful detection [5]
· Implicit derivation of LP-WUS detection from the first ACK message received from the MR, which is sent by the UE for receiving the data/signaling.
· Explicit derivation of LP-WUS detection, where the MR sent ACK message before receiving the signalling/data.
· Showing issue when LO is set exactly as it is, and showing a remedy, is to misalign by 1 SCS [10]
· Pulse-shape filter requirement for OFDMA generation [11]
· Capability indicating sensitivity [11]
· 5MHz carrier GB may not be enough for 5MHz LP-WUS [13]
· Deep sleep instead of ultra-deep sleep could be left up to UE implementation [15]


FL1-Lo-Question: 
Any of above proposals should be discussed in RAN1#114?
	Company
	Agree Y/N
	Comments

	Huawei, HiSilicon
	Something missing
	I found no box below ’ Other: Synch from WUR to MR’, so I made comments here. In our tdoc we already show both power saving gain and latency reduction can be observed due to less time needed for re-sync. So it is reasonabel to capture corresponding description in TR. 
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Appendix A: RAN1 Agreements
RAN1#111
	Agreement
· Study generation and link performance of multi-carrier (MC)-ASK (including OOK) waveform
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS. 
· Note that above does not preclude DFT-S-OFDMA 
· Study generation and link performance of multi-carrier (MC)-FSK waveforms
· study techniques to generate waveform by modulating sub-carriers of CP-OFDM symbol symbol, consider up to M bits transmitted per OFDM symbol, where M is FFS.
· Study link performance of OFDMA-based signals/channels considering at least the existing signal/channel structure (e.g. CSI-RS, SSS)
· Other signal/channel structures are not precluded
· For next meeting, companies to provide input on aspects to consider that might impact link performance

Agreement
For the purpose of study, the BW of one LP-WUS is not greater than X (FFS X is 5 or 20) MHz for FR1, study further 
· whether BW of LP-WUS is configurable (implicitly or explicitly)
· size of guard band [FFS: within or outside of BW X], if any 
· whether there is different X for Idle, Connected, Inactive modes
FFS: Whether FR2 is included in the scope of LP-WUS SI

Agreement
For a UE support LP-WUR in IDLE/INACTIVE mode, 
· Study how to reduce UE power consumption due to existing RRM measurement requirements at least for mobility support, 
· study feasibility of RRM measurements performed by LP-WUR, at least for serving/camping cell, based on signals detected by LP-WUR
· FFS: measurement metric
· FFS: whether and how to identify cell/ tracking area 
· FFS: need for neighbouring cells
· FFS: need for relaxation of existing RRM measurement requirements (for UE)




RAN1#112
	Agreement
For MC-ASK waveform generation, where K is size of iFFT of CP-OFDMA, N is number of SCs used by LP-WUS including potential guard-bands, study further 
· Option OOK-1: Single-bit in 1 OFDM symbol, SCs of LP-WUS are 
· OOK=1 means all SCs are modulated
· OOK=0 means all SCs are zero power (from base-band point of view)
[image: ]
· Option OOK-2: Parallel M-bit OOK in frequency domain, 
· N SCs of LP-WUS is further separated into M segments (M=2 in Figure) possibly with guard-bands in-between and/or around 
· OOK=1 means all SCs in segment are modulated
· OOK=0 means all SCs in segment are zero power (from base-band point of view)
· FFS architecture.
[image: ]
· Option OOK-3: Multi-tone single-bit OOK
· N SCs of LP-WUS is separated into L segments (L=2 on Figure) without guard-bands in-between segment, but possibly around
· OOK=1 means 1 sub-carrier (known by UE) of each segment is modulated, rest of SC is zero power (from base-band point of view)
· OOK=0 means all SCs in all segments are zero power (from base-band point of view)
· FFS architecture
[image: ]
· Option OOK-4: Transform M-bit OOK in time domain 
· N SCs of OOK-1 are generated by a transformation (DFT/Least square)
· N’ samples are generated from M-bits 
· signal modification may or may NOT be used
· truncation or other additional modification may or may NOT be used, if not used, N is the same as N’
· N’ can be the same as K

[image: ]
· FFS modulated SCs are e.g. QAM symbols, sequences or other signals 
· Companies to report their assumptions
· potential guard-band SCs are zero power (from base-band point of view)
· [optionally, 2 additional segments, one always modulated and one always zero power (from base-band point of view) can be transmitted]
· Other options are not precluded (e.g. OOK-1 with multiple bits in one OFDM symbol)

Agreement
Study synchronisation signal used by LP-WUR, if needed, based on 
· Option 1: aperiodic signal transmitted as part of LP-WUS
· FFS: Whether the signal can additionally be transmitted separately from LP-WUS 
· Option 2: periodic signal transmitted separately from LP-WUS
· Option 3: Option1 + Option2

Agreement
For M-bit MC-FSK generation study further the following options
· Option FSK-1: N SCs of LP-WUS are separated to M pairs of segments with potential guard-bands in-between and around. 
· segment comprises one sub-carrier or multiple contiguous SCs
· in a pair of segments one segment is modulated, other segment is zero power (from base-band point of view)
· Option FSK-2: N SCs of LP-WUS are separated to 2^M segments with potential guard-bands in-between and around.
· segment comprises one sub-carrier or multiple contiguous SCs
· one segment from 2^M segments is modulated, other segments of SCs are zero power (from base-band point of view)
· M >0
· N >1
· Study how to generate segment in time domain, e.g. OOK-1 or OOK-4 
· Other options are not precluded.

Agreement
For MC-ASK or MC-FSK waveform generation, SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as SCS used for other NR transmissions in CP-OFDM symbol overlapping in time with, study whether SCS can be different, also study
· FDM/TDM multiplexing with other NR transmissions
· link performance 
· impact to legacy UEs
· impact on gNB 

Agreement
Study further pros and cons of the following monitoring behaviors of LP-WUR
· Option1: Duty cycle, corresponds to LP-WUR switches between ON/OFF states 
· Option2: Continuous monitoring, corresponds to LP-WUR is ON all the time 

Agreement
Study potential measurement metric used for RRM measurements performed by LP-WUR. 
· examples of measurement metric are signal quality, signal power, detection rate of LP-WUS/synch signal
· companies to report assumption of signal used for measurements

Agreement
· When evaluating and/or comparing link performance of MC-ASK, MC-FSK, and CP-OFDMA waveforms of LP-WUS at least
· raw information bit-size
· [time/frequency resources (including any guard bands), if applicable]
· [total energy of LP-WUS across the time/frequency resources]
· FFS: false alarm probability/rate
· FFS: misdetection probability/rate
               are kept [comparable or fixed]. Study at least
· impact of timing error
· impact of frequency error
· impact of phase noise and I/Q imbalance, if applicable
· impact of ADC resolution and sampling rate
· impact of interference
· impact of delay spread
· impact of doppler spread
· Companies to report
· how they modelled SINR
· time/frequency resources (including any guard bands) for the scheme
· false alarm probability/rate and misdetection probability/rate
· power consumption of the MR if false alarm probability/rate not fixed across MC-ASK, MC-FSK, and CP-OFDMA waveforms
· When comparing waveforms of LP-WUS, consider the impact to gNB for each of the waveform generation schemes. Consider whether there is impact to PAPR and a need for additional hardware for WUS.




RAN1#112bis-e
	Agreement
· Capture in TR: From RAN1 perspective, LP-WUS and signals/channels used by MR can be within the same FR1 band.
· At least LP-WUS and signals/channels by MR can be on the same carrier in the band
· Study further 
· Whether LP-WUS and signals/channels used by MR can be different carriers in the band 
· Details on the LP-WUS location within a carrier
· Band can be different than band of signals/channels used by MR
· LP-WUS association with BWP
· LP-WUS can be configurable within guard-band of a band (like NB-IoT)

Agreement
Update the RAN1#112 agreement as the following:
· [time/frequency resources (including any guard bands), if applicable]
· [total energy of LP-WUS across the time/frequency resources]
Working assumption: In place of the above deleted bullets:
· Alt 1:
· average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
· time/frequency resources used for LP-WUS (including any guard bands)
· Alt 2:
· average EPRE within the [time]/frequency resources used for LP-WUS (including any guard bands)
· SNR is calculated as average EPRE divided by power of noise [and interference].
· Companies to report whether and how power pooling across and within MR OFDMA symbols is used.
· FFS: PAPR applicable to LP-WUS

Agreement
Replace in RAN1#112 agreement
Companies to report
· power consumption of the MR if false alarm probability/rate not fixed across MC-ASK, MC-FSK, and CP-OFDMA waveforms
with 
· receiver architecture type and its relative power consumption

Agreement
· For IDLE/INACTIVE mode study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g. UE-group, -subgroup or -ID
· FFS: cell information 
· FFS: SI change and ETWS/CMAS information, tracking area information, and RAN area information
· For CONNECTED mode, study at least following candidates for content of LP-WUS
· information on which user(s) is/are targeted by the LP-WUS
· e.g UE-group, -subgroup or -ID
· indication to wake-up to PDCCH monitoring.
· Other information candidates are not precluded
· Study pros and cons of including above information to LP-WUS. 
· Note: the information may be explicitly or implicitly indicated.


Agreement
· For RRC connected mode, the following is assumed for LP-WUS study in RAN1
· RLM/BFD/CSI are performed by UE Main Radio (MR) 
· RRM measurements are performed by UE Main Radio (MR)
· Ultra-deep sleep state is not allowed for MR.
· Study additional support of RRM measurement by LP-WUR for RRC connected mode
· Study RRC connected mode LP-WUS functionality/purpose/procedures
· Study RRC connected mode LP-WUS activation/deactivation procedures.
· Study RRC connected mode LP-WUS BW, whether same as IDLE/Inactive mode or different 
· In RRC connected, study the relationship between LP-WUS and legacy UE power saving techniques.

Agreement
· Study further following alternatives to carry the LP-WUS information using: 
· Alt 1: by sequence(s) detection/selection  
· FFS sequence type
· Alt 2: by encoded bits 
· FFS: what type of encoding scheme
· FFS: with or without other bits (e.g. CRC/FCS)
· Other alternatives are not precluded
· Study whether LP-WUS information needs to be preceded by known one or more sequence(s).

Agreement
At least for IDLE/Inactive mode, at least one BW-size <=5MHz is recommended to be supported for FR1
· Other BW sizes are not precluded
· if additional BW-size(s) are recommended to be supported, BW-size can be up to 20MHz
· LP-WUS bandwidth size (including guard-bands) is assumed to be an integer number of PRBs

Agreement
Study further methods to modulate input signal of the DFT/Least-Square block for OOK-4, and methods to modulate input signal of N SCs for other MC-ASK/FSK schemes
· study methods with respect to 
· improving frequency diversity by flattening the spectrum, frequency repetition and frequency hopping
· impact to dynamic range of RE power in frequency domain
· FFS: impact to PAPR of generated time domain modulated MC-ASK/FSK symbol
· improving robustness to timing error necessary spectrum adjustment for compatibility with CP-OFDM generation

Agreement
· Study techniques/mechanisms to enhance coverage performance of LP-WUS
· Study potential gains available as well as drawback(s) of the technique(s)/mechanisms(s), e.g. system overhead, increased complexity network energy consumption etc…
· Study potential issues and corresponding solutions for the case when LP-WUS coverage is insufficient 
· At least study fallback mechanisms where the Main Radio switches to legacy operation in case the channel condition of LP-WUS is not sufficient, e.g. below threshold.




RAN1#113
	Agreement
· For at least RRM serving cell measurement performed by LP-WUR based on reference signal(s), RAN1 identified at least the following metrics for further study and evaluation (including feasibility, complexity, power consumption, etc)
· LP-RSSI or Energy detection: linear average of total received power over a RSSI resource. 
· FFS RSSI resource.
· LP-RSRP: linear average of received power of resource of reference signal(s) or signal(s) parts. 
· FFS resource of reference signal(s) or signal(s) parts
· LP-SINR = LP-RSRP/(power of interference and noise) 
· FFS how to define “power of interference and noise”
· LP-RSRQ= [N x] LP-RSRP/LP-RSSI, where N is the factor of resource size difference for evaluation LP-RSRP and LP-RSSI. 
· Accounting AGC accuracy, ADC of at least 4 bits is required. 
· Note: Reference signal for performing measurements can be e.g. SSB (PSS/SSS/PBCH DMRS), LP-WUS-waveform sequence, LP-SS
· Note: The definition of metrics could be further refined based on future study 

Agreement
Power pooling between OFDM symbols is not assumed for evaluation purposes. Average EPRE is defined per OFDM symbol.

Agreement
The following observations are to be captured in the TR
· At least for LP-WUR that cannot receive existing PSS/SSS, periodic LP-SS signal is beneficial for the following functionality.
· RRM measurements by LP-WUR, if supported 
· at least coarse time synchronization of LP-WUR. 
· at least coarse frequency synchronization of LP-WUR.
· Additional periodic LP-SS system overhead depends on LP-SS periodicity, system BW, # of beams, and resource required to fulfil the target functionality, etc. Periodic signal if used for coarse synchronization may reduce overhead of signal preceding LP-WUS, if any. LP-SS can be designed to be common among UE groups (cell-specific) and such further reduce system overhead. 
· For LP-WUR that can receive existing PSS/SSS potentially assisted by PBCH DMRS/TRS for synchronization, existing PSS/SSS potentially assisted by PBCH DMRS/TRS may be used for above functionality. 
· Periodic LP-SS coverage should be equal or better than that of LP-WUS.
· For fine time and frequency synchronization, a signal (e.g. preamble) preceding or part of LP-WUS may be used.

Agreement
· For Idle/Inactive mode, study offloading of RRM measurements of serving cell to LP-WUR under certain conditions, if any, and relaxation of serving/neighboring cell RRM measurements in MR considering
· Periodic reference signal(s) is/are used for LR measurements.
· FFS: reference signal(s) to measure, e.g. PSS/SSS/PBCH DMRS, LP-WUS waveform sequence, LP-SS
· FFS: periodicity, content
· MR performs measurements 
· Alt2: with relaxed periodicity if RRM measurement in MR is relaxed.
· FFS: Condition for relaxation if any
· Can apply for both neighboring and serving cell
· Alt3: only when reference signal(s) based measurements by LP-WUR satisfy certain condition(s), e.g. are below threshold.
· FFS threshold.
· Above MR measurement under certain conditions can apply for both neighboring and serving cell
· Potentially with relaxation methods for MR neighboring cell measurement 
· Other alternatives are not precluded
· FFS: Feasibility of RRM measurements of neighbor cells by LP-WUR


Agreement
· For waveform generation the following observations are made
· Flat spectrum in frequency domain provides robustness against frequency selective fading compared to concentrated energy in frequency domain.
· for OOK-4, sequence before DFT/LS with variation in phase via such as ZC, M-sequence or QAM sequence can achieve more flattened spectrum.
· Sequences(s) used in LP-WUS symbol generation with different pulse shape or spectral shape may have different performance. 
· Knowledge of sequence(s) used in LP-WUS waveform generation may improve performance for at least a receiver with I/Q branches
· Further discuss the following potential observations for waveform generation:
· When DFT is employed in OOK-4 (M>=2), -1/1 alternation in time or frequency shift in frequency domain may be needed to match CP-OFDM generation.
· Pre-storing of the generated frequency domain samples at gNB may reduce complexity of waveform generation at gNB with memory requirement depending on number of possible combination. This may be up to gNB implementation.
· quantization of generated waveform in frequency domain to existing constellation (e.g. 64QAM) has low impact on performance and reduces complexity. This may be up to gNB implementation.
· Repetition of a sequence(s) used in LP-WUS generation in frequency can be used to improve diversity for MC-OOK and robustness against frequency offsets for MC-FSK.

For companies to consider for providing evaluation results
· Cross-waveform-comparison
· OOK-1 M=1 and OOK-4 M=1 (may not need to be simulated, difference can be only in frequency domain sequence used)
· OOK-1 with M x higher SCS than NR, and OOK-4 M
· M=2,4
· OOK-4 M=2 and OOK-2 M=2
· OOK-3 M=1 and OOK-1 M=1 
· OOK-1 and OOK-2 M=2 with further reduced coderate/increased sequence length
· OOK-1 and OOK-4 M=2 with further reduced coderate/increased sequence length
· FSK1/2 M=1 (1bit per OFDMA symbol) and OOK-1 M=2
· FSK1/2 M=2 (2bits per OFDMA symbol) and OOK-2 M=4
· FSK1/2 M=2 (2bits per OFDMA symbol) and OOK-4 M=4 
· OFDMA and other waveforms with roughly matching T-F resources
· Note: Above cases should result in same length of LP-WUS in OFDMA symbols and BW for both compared waveforms 
· Manchester coding 1/2 is applied to OOK for at least encoded bits (payload).
· At least time and frequency impairments should be included. 
· residual time offset 0, 1, 2 and 4 us
· residual frequency offset 0, 1, 2, 5 and 10 
· optional 50, 100 ppm 
· showing tolerance higher than above values is not precluded  
· If further improvement of the signal generation for the agreed waveforms is applied, companies are to provide relevant details
· For evaluation of LP-SS accuracy, assume SNR at [-3dB] and LP-WUR noise figure should be reported


Agreement
· Study the following techniques/mechanisms to enhance coverage performance of LP-WUS
· low complex channel coding 
· FEC
· spreading code in time domain
· time domain repetition 
· with combining before or after ED
· time-domain interleaving
· Note: Also Manchester coding can be considered as channel code     
· non-contiguous transmission in the frequency domain
· frequency domain repetition 
· frequency-hopping
· power-boosting
· transmit diversity
· study whether any above techniques could be transparent to UE.

Agreement
· For Idle/Inactive mode, following options for activation and deactivation of LP-WUS monitoring by LP-WUR for a UE can be considered for study
· Alt 1a: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS WUS monitoring is up to UE implementation.
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 1b: 
· gNB transmits legacy paging indication and LP-WUS
· UE activation and/or deactivation of LP-WUS monitoring is based on preconfigured criteria
· This behavior may apply based on channel condition, e.g. when coverage is sufficient/insufficient.
· Alt 2: 
· activation and/or deactivation of LP-WUS monitoring in a cell is based on signalling.
· Paging misdetection performance shall not be impacted.

Agreement
· In RRC CONNECTED mode, study benefit of LP-WUS over existing Rel-15, R16, and R17 power saving techniques for following functionalities: 
· LP-WUS with similar functionality as R16 DCP. 
· LP-WUS activates/resumes PDCCH monitoring when LP-WUS is received.
· interaction with legacy power saving techniques, if any 
· other functionalities are not precluded
· for evaluation 
· companies to report 
· assumption on MR sleep state when LP-WUR is monitoring LP-WUS
· deep sleep,
· light sleep, 
· micro sleep
· how to activate/deactivate LP-WUS monitoring and deactivate/activate PDCCH monitoring
· LP-WUS waveform
· In RRC CONNECTED mode, LP-WUS monitoring can be activated/deactivated by at least one or more of
· by gNB RRC signaling, with or without UE assistance.
· by gNB L1/L2 LP-WUS activation/deactivation signaling, with or without UE assistance.
· based on pre-configured condition(s), such as timer. 
· LP-WUS monitoring by UE is known to gNB, study whether it could be transparent to gNB.
· other options are not precluded.
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