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1. Introduction
In RAN#102 meeting, new WID on LP-WUS/WUR for NR was approved in RP-234056 with the following objectives:
	[bookmark: _Hlk153295984]The objectives of the work item are the following:
· To specify an LP-WUS design commonly applicable to both IDLE/INACTIVE and CONNECTED modes (RAN1, RAN4)
· Specify OOK (OOK-1 and/or OOK-4) based LP-WUS with overlaid OFDM sequence(s) over OOK symbol
· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.
· At least duty-cycled monitoring of LP-WUS is supported
· For IDLE/INACTIVE modes
· Specify procedure and configuration of LP-WUS indicating paging monitoring triggered by LP-WUS, including at least configuration, sub-grouping and entry/exit condition for LP-WUS monitoring (RAN2, RAN1, RAN3, RAN4)
· Specify LP-SS with periodicity with Yms for LP-WUR, for synchronization and/or RRM for serving cell. (RAN1, RAN4)
· LP-SS is based on OOK-1 and/or OOK-4 waveform with or without overlaid OFDM sequences. Further down selection between with and without overlaid OFDM sequences is to be done within WI.
· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.
· Y will be decided within WI. 320ms is the start point.
· Specify further RRM relaxation of UE MR for both serving and neighbor cell measurements, and UE serving cell RRM measurement offloaded from MR to LP-WUR, including the necessary conditions (RAN4, RAN2)
· For CONNECTED mode, specify procedures to allow UE MR PDCCH monitoring triggered by LP-WUS including activation and deactivation procedure of LP-WUS monitoring (RAN2, RAN1)
· Check in RAN#105 for potential TU adjustment in RAN2
· Note: In CONNECTED mode, UE MR ultra-deep sleep is not considered, and UE RRM/RLM/BFD/CSI measurements are performed by MR
· Note: The target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3.
· Note: The optimization of LP-WUS signal design for idle/inactive mode is prioritized over the optimization for connected mode.
· Specify the necessary RAN4 core requirement(s) to support the feature (RAN4).
· This objective is to be further refined in RAN#103



In RAN1#116 meeting, following agreements were made for L1 structures on LP-WUS/LP-SS, which are related to the above cyan highlighted parts:
	Agreement
Support both OOK-1 and OOK-4 for LP-WUS. 
· FFS how OOK-1 and OOK-4 are specified 
· For OOK-4, M<=4, FFS supported values
· The SCS of a CP-OFDM symbol used for LP-WUS generation can be the same as one of the SCS(s) used for other NR transmissions in the same CP-OFDM symbol
· FFS different SCS.

Agreement
Further study the following options for LP-SS:
· Option 1: OOK-1 
· Option 2: OOK-4 with M=1,2,4,[8]
· The SCS of a CP-OFDM symbol used for LP-SS generation is the same as that used for LP-WUS generation
· FFS: different SCS

Agreement
For LP-SS design from RAN1 perspective, consider at least the following as the design target:
· For RRM measurement performed by LP-WUR based on LP-SS, UE can satisfy measurement accuracy based on X LP-SS samples within a period which is comparable to Y=the length of I-DRX cycle that is larger or equal to 1.28s.
· FFS: X  
· Note: Y is chosen for evaluating LP-SS design. 
· Network overhead and network power consumption are to be considered

Agreement
The ‘ON-OFF’ pattern for OOK symbols of LP-SS is based on binary sequence(s)
· FFS binary sequence(s) details, including the sequence type, the number of sequences, and the sequence length
· FFS overlaid OFDM sequences, if supported

Agreement
For the overlaid OFDM sequence(s) for LP-SS, consider the following options for further down-selection:
· Option 1: Do not specify the overlaid OFDM sequences(s) 
· Option 2: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation without targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· Option 3: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation and also targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· For Option 3, it is up to RAN4 to make decision on whether/how to define the RRM measurement requirement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.

Agreement
For RAN1 evaluation purpose, the SNR to achieve the coverage of PUSCH for message3 is determined for OOK-based LP-WUR and OFDM-based LP-WUR, respectively. 
· Companies are encouraged to report the SNR, together with the associated assumptions as listed in the table below.
	
	Bandwidth for LP-WUS signal (MHz)
	NF for LP-WUR (dB)
	Gain of antenna element (dBi) assumed for LP-WUR: 
e.g., -3 dBi for redcap UE and e.g., 0dBi for non-redcap UE
	# of Tx chains for LP-WUS/LP-SS transmission, e.g., 2
Note: The number of Tx chains for LP-WUS/LP-SS transmission is assumed the same as the number of RX chains for MSG3 reception

	MIL value of MSG3: taking redcap UE /non-redcap UE @dense urban 2.6GHz

	The SNR (dB) to achieve the coverage of PUSCH for message3

	Companyname-01 
	
	
	
	
	
	






In this contribution, we discuss L1 structures on LP-WUS/LP-SS. L1 procedures on LP-WUS/LP-SS for RRC idle/inactive and connected states are discussed in our companion contributions [1, 2].


2. LP-WUS waveform
2.1. [bookmark: _Hlk110964323]How OOK-1 and OOK-4 are specified with overlaid OFDM sequences
As stated in Section 1, it was agreed in RAN1#116 to support both OOK-1 and OOK-4 for LP-WUS, while it is still FFS how OOK-1 and OOK-4 are specified. During the discussion, some companies argued that OOK-1/4 may or may not be unified (i.e., whether or not OOK-1 can be regarded as OOK-4 with M=1) depending on how to specify overlaid OFDM sequences. More specifically, as captured in the FL summary [3], following options were discussed on how to specify overlaid OFDM sequences.
	[M][FL2] Proposal 3.2-4: To specify overlaid OFDM sequences, considering the following two options:
· Option 1: Specify time domain OFDM sequence per OOK ON symbol.
· Option 2: Specify frequency domain OFDM sequence per OFDM symbol. 




According to the discussion, both options still have pros/cons as follows:
· Option 1:
· Pros: Overlaid sequence can be designed in time domain per OOK ON chip (irrespective of DFT size), which can be flexible/straightforward/simple to specify
· Cons: May need to define different length of time-domain sequences for different M for OOK-4
· While Option 2 also needs to consider different M when designing overlaid sequence
· Option 2:
· Pros: Does not need DFT or pulse shaping
· While this can be achieved even by Option 1 if all DFT and/or pulse shaping output are prepared/stored in advance
· Cons: Overlaid sequence design is limited to generate multiple ON/OFF chips in one OFDM symbol for OOK-4 (e.g., assuming DFT spreading for multiple OOK ON/OFF chips in one OFDM symbol)

As Cons of both options are still unclear, we think further discussion is necessary for the details of each option.

Proposal 1:
· For the overlaid OFDM sequences of LP-WUS, consider following two options:
· Option 1: Specify time domain OFDM sequence per OOK ON symbol.
· Option 2: Specify frequency domain OFDM sequence per OFDM symbol. 

2.2. Overlaid OFDM sequence design
During the WID drafting in RAN#102, some companies proposed that overlaid OFDM sequence can be used only for better detection performance for OFDM-based LP-WUR than ED-based LP-WUR, while some others proposed that it can carry some parts of LP-WUS payload so that faster decoding can be achieved by OFDM-based LP-WUR compared to ED-based LP-WUR. As a way forward, following is captured in the WID:
	· The LP-WUS design shall ensure that for IDLE/INACTIVE operation, the same information is delivered irrespective of LP-WUR type. The OFDM sequence can carry information.



Details of this part were discussed during RAN1#116 but companies had different interpretations, and hence, following question was made to have common understanding:
	For ‘OFDM sequence can carry information’ for the overlaid OFDM sequence in WID, there can be 3 different cases 
· Case 1: OFDM sequence does not carry information. It is up to gNB implementation to transmit an overlaid OFDM sequence.
· Case 2: OFDM sequence does not carry information. gNB configures single known sequence. 
· Case 3: OFDM sequence carries information. gNB configures a set of Ns known sequences, one of the Ns sequences can be transmitted to carry log2 (Ns) bits. 
[M][FL2] Question 3.2-1: Do you think all or a subset of 3 cases above is covered by ‘OFDM sequence can carry information’ in WID? 



In our view, Case 2 and Case 3 are in WI scope according to the discussion in RAN#102, but Case 1 is out of scope because LP-WUS is to be specified with overlaid OFDM sequence(s) over OOK symbol. There would not be any room of gNB implementation not to transmit any overlaid OFDM sequences.
For Case 2, better detection performance can be achieved by OFDM-based LP-WUR using the known sequence. On the other hand, OFDM-based LP-WUR has to receive all OFDM symbols of the LP-WUS.
For Case 3, OFDM-based LP-WUR may obtain all information bits by reception of first N1 (>=1) OFDM symbols of the LP-WUS. Early termination of reception of LP-WUS would be beneficial for power saving.
Regarding the details of Case 3, following two options were discussed in RAN1#116. Since detailed design of each option depends on the supported number of LP-WUS information bits, which needs further discussion, both options should be studied further for now.
· Option 1: The overlaid OFDM sequence(s) carry part of information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s) and OOK symbols. 
· Option 2: The overlaid OFDM sequence(s) carry all information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s).
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Figure 1: An example of Option 1 when OFDM sequence(s) carry part of information bits of LP-WUS
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Figure 2: An example of Option 2 when OFDM sequence(s) carry all information bits of LP-WUS

Proposal 2:
· For the overlaid OFDM sequences of LP-WUS, consider following cases:
· Case 2: OFDM sequence does not carry information. gNB configures single known sequence. 
· Case 3: OFDM sequence carries information. gNB configures a set of Ns known sequences, one of the Ns sequences can be transmitted to carry log2 (Ns) bits. 
· Option 1: The overlaid OFDM sequence(s) carry part of information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s) and OOK symbols. 
· Option 2: The overlaid OFDM sequence(s) carry all information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s).

2.3. LP-WUS payload
Following is captured in Clause 7.2.1.2 in TR 38.869 on the LP-WUS payload/content:
	-	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.

-	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).



It is still unclear how many bits need to be transmitted on LP-WUS for each of RRC idle/inactive and connected states (while there is an agreement in RAN1#116 to assume no more than [8 or 16] bits for connected state), which needs to be discussed together with the corresponding L1 procedures in AIs 9.6.2 and 9.6.3 at first.
Regarding the LP-WUS structure, it is FFS whether to use sequence(s) or encoded bits for carrying LP-WUS payload. Pros of each scheme can be summarized as:
· Sequence:
· Controllable performance/coverage by different number of candidate sequences and various sequence length
· [Lower overhead due to no CRC or FEC]
· Common design for LP-WUS and LP-SS 
· Encoded bits:
· Easily support larger number of information bits, while it is challenging to find a large number of sequences with good correlation

Assume 8 or 16 LP-WUS information bits according to the agreement, length of 256 or 65536 are necessary for Sequence, while 8 or 16 information bits + [8] bit CRC are enough for encoded bits. Hence, encoded bits can be considered as baseline due to less overhead, while it needs to be confirmed by performance evaluation. In this regard, Manchester coding can be adopted as well.

Proposal 3:
· For the LP-WUS payload, consider encoded bits with Manchester coding as baseline, to be confirmed by performance evaluation
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Figure 3.  An example of LP-SS/LP-WUS structure

Also, it is FFS whether preamble (i.e., known sequence(s)) is necessary or not. This depends on whether LP-SS + LP-WUS payload (i.e., without preamble) can meet Msg3 coverage or not, and hence, performance of LP-SS + LP-WUS payload should be evaluated at first.
In addition, during RAN1#116, following proposals were discussed, which we support to facilitate the discussion.
	[M][FL2] Proposal 3.5-1r1: Further study the necessity of preamble preceding LP-WUS, considering the following aspects 
· Tolerable timing error for LP-WUS
· the maximum time gap between synchronization signal (LP-SS or PSS/SSS) and LP-WUS 
· Time/frequency error model, i.e. Fr and Tr. 

[M][FL2] Proposal 3.5-2: For the residual frequency error, further study the following options
· Option 1: LP-WUR can correct the frequency error, e.g., MR can assist to calibrate LP-WUR to correct the frequency error or LP-WUR can only correct the frequency error based on LP-WUS synchronization signal
· Option 2: LP-WUR cannot correct the frequency error
· For evaluation, companies report which option is assumed, Fr value and how Fr value is obtained.



Proposal 4:
· Further study the necessity of preamble preceding LP-WUS, considering the following aspects 
· Tolerable timing error for LP-WUS
· the maximum time gap between synchronization signal (LP-SS or PSS/SSS) and LP-WUS 
· Time/frequency error model, i.e. Fr and Tr.

Proposal 5:
· For the residual frequency error, further study the following options
· Option 1: LP-WUR can correct the frequency error, e.g., MR can assist to calibrate LP-WUR to correct the frequency error or LP-WUR can only correct the frequency error based on LP-WUS synchronization signal
· Option 2: LP-WUR cannot correct the frequency error
· For evaluation, companies report which option is assumed, Fr value and how Fr value is obtained.

2.4. Remaining details of M for OOK-4 and SCS
As stated in Section 1, it is still FFS on the supported values of M for OOK-4 and whether to support different SCS from other NR transmissions. Larger M and/or SCS are beneficial to reduce the system overhead by shortening the OOK ON/OFF chip duration, while those may have negative impact on time/frequency error and/or adjacent channel interference, which need to be clarified through performance evaluation for the required LP-WUS payload and resources to meet Msg 3 coverage.

3. LP-SS waveform
3.1. Remaining details of OOK-1 vs OOK-4 and SCS
As stated in Section 1, it is still FFS whether to support OOK-1 and/or OOK-4, the supported values of M for OOK-4 (if supported), and whether to support different SCS from other NR transmissions. Unlike LP-WUS, LP-SS is used for synchronization and/or RRM for serving cell instead of existing PSS/SSS, and hence, only known sequence without any payload would be enough for those purposes. However, it is still unclear how many sequences are needed, which needs to be discussed together with the corresponding L1 procedures in AI 9.6.2. Larger M and/or SCS are beneficial to reduce the system overhead by shortening the OOK ON/OFF chip duration, while those may have negative impact on time/frequency error and/or adjacent channel interference, which need to be clarified through performance evaluation for the required LP-SS sequence patterns/length and resources to meet Msg 3 coverage.

3.2. Whether to apply overlaid OFDM sequences to LP-SS
As stated in the WID, for LP-SS, further down selection between with and without overlaid OFDM sequences is to be done within WI. During the WID drafting in RAN#102, it seemed companies may have different assumptions of OFDM-based LP-WUR on whether it must be able to receive existing PSS/SSS, and hence, following was captured in the WID.
	· Note: For LP-WUR that can receive existing PSS/SSS, existing PSS/SSS can be used for synchronization and RRM instead of LP-SS.



Table 1:  Possible combinations of LP-WUR and waveform
	
	LP-WUS
	LP-SS

	ED-based LP-WUR
	OOK-1/4 without overlaid OFDM sequences
	OOK-1/4 without overlaid OFDM sequences

	OFDM-based LP-WUR
	OOK-1/4 with overlaid OFDM sequences
	Option 1: N.A. (i.e., existing PSS/SSS)
Option 2: OOK-1/4 with overlaid OFDM sequences



As summarized in Table 1, there would be two possible options of OFDM-based LP-WUR on the reception of LP-SS. According to the above note, it would be common understanding that Option 1 is feasible at least for some OFDM-based LP-WUR for sync and RRM measurement. Question is whether Option 2 is feasible for OFDM-based LP-WUR for sync and RRM measurement, and hence, following agreement was made in RAN1#116 for further discussion:
	Agreement
For the overlaid OFDM sequence(s) for LP-SS, consider the following options for further down-selection:
· Option 1: Do not specify the overlaid OFDM sequences(s) 
· Option 2: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation without targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· Option 3: Specify the overlaid OFDM sequence(s) targeting for OOK waveform generation and also targeting for sync and RRM measurement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.
· For Option 3, it is up to RAN4 to make decision on whether/how to define the RRM measurement requirement for OFDM-based LP-WUR using the overlaid sequence of LP-SS.



During the discussion, companies have different preference whether to specify the overlaid OFDM sequence(s), and their view can be summarized as:
· Reasons to specify overlaid OFDM sequences
· Sync/RRM without RF retuning
· No additional specification work
· No additional gNB implementation
· No additional overhead
· Flatten spectrum
· Reasons NOT to specify overlaid OFDM sequences
· OFDM-WUR can receive PSS/SSS
· PSS/SSS is shorter than LP-SS
· LP-SS may be far from LP-WUS MO in time
· Increase RAN4 workload

Among the above reasons, it would be better to further discuss potential RF retuning caused by SSB reception as shown in Fig. 4. This may happen when SSB BW is not overlapped with LP-WUR BW (i.e., LP-SS/LP-WUS BW) e.g., to allocate LP-SS/LP-WUS at the edge of CBW for better FDM with other NR signals/channels. 

[image: ]
Figure 4: RF retuning to receive SSB

Another aspect which needs further discussion is “LP-SS may be far from LP-WUS MO in time”. If LP-SS is far from LP-WUS MO in time due to e.g., longer LP-SS periodicity, time/frequency error increase after LP-SS reception, and LP-SS does not help LP-WUS reception much. This may depend on LP-SS periodicity, which need further discussion. Note that LP-SS is used at least for ED-based LP-WUR for sync RRM and hence, its periodicity should be decided considering ED-based LP-WUR.

Proposal 6:
· For the down selection whether to specify the overlaid OFDM sequence(s) for LP-SS, study further following aspects:
· SSB reception for sync/RRM with/without RF retuning
· Time gap between LP-SS and LP-WUS

4. Bandwidth and location
Following is captured in Clause 7.2.1.2 in TR 38.869 on the bandwidth and location for LP-WUS:
	[bookmark: _Hlk158739415]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
From RAN1 perspective, for multiplexing with other NR signals and channels, it is beneficial if LP-WUS can be flexibly configured within a carrier.



Regarding the BW-size, while at least one BW-size <=5MHz is recommended at least for RRC idle/inactive states, it is still unclear whether additional BW-size(s) are to be supported and whether same BW-size is applied to RRC connected state. Configurable BW-size requires additional BPF especially for ED-based WUR, and hence, same BW-size among RRC idle/inactive/connected states is preferred. In addition, BW-size would affect coverage performance, and needs to be decided considering LP-WUS payload size and coverage in each RRC state. Following proposal was discussed in RAN1#116bis, which we think good as starting point for further discussion.
	[H][FL2] Proposal 5-1r2: At least support a bandwidth of 5MHz including blanked guard RBs for LP-WUS and LP-SS in both RRC idle/inactive and RRC connected.
· FFS the applied SCS, and the applied channel bandwidth
· FFS other bandwidth size for LP-WUS and LP-WUS.
 Note: The bandwidth size is assumed to be an integer number of PRBs



Regarding the frequency domain location, as captured above, configurable location is beneficial for flexible FDM with NR signals/channels.

Proposal 7:
· At least support a bandwidth of 5MHz including blanked guard RBs for LP-WUS and LP-SS in both RRC idle/inactive and RRC connected states.
· FFS the applied SCS, and the applied channel bandwidth
· FFS other bandwidth size for LP-WUS and LP-SSS.
· Note: The bandwidth size is assumed to be an integer number of PRBs
· Location of LP-WUS/LP-SS BW is configurable within a NR carrier

5. LP-WUS/LP-SS coverage
As stated in Section 1, it is written in the WID that the target coverage of LP-WUS and LP-SS shall be the coverage of PUSCH for message3, and corresponding agreement was made in RAN1#116 to summarize the SNR to achieve the coverage of PUSCH for message3 from companies. Our evaluation result is provided in Table 3, which is based on Rel-17 RedCap coverage evaluation captured in TR 38.875 and R1-2009293, with additional evaluation assumptions in Table 3.

Table 2:  Evaluation of SNR to achieve the coverage of PUSCH for message3 
	 
	Bandwidth for LP-WUS signal (MHz)
	NF for LP-WUR (dB)
	Gain of antenna element (dBi) assumed for LP-WUR: 
e.g., -3 dBi for redcap UE and e.g., 0dBi for non-redcap UE
	# of Tx chains for LP-WUS/LP-SS transmission, e.g., 2
Note: The number of Tx chains for LP-WUS/LP-SS transmission is assumed the same as the number of RX chains for MSG3 reception
	MIL value of MSG3: taking redcap UE /non-redcap UE @dense urban 2.6GHz
 
	The SNR (dB) to achieve the coverage of PUSCH for message3

	NTT DOCOMO 
	 4.32 MHz
	ED-based WUR: 12 dB
OFDM-based WUR: 9 dB
	RedCap: -3 dBi
Non-RedCap: 0 dBi
	4
	RedCap: 151.65 dB
Non-RedCap: 154.65 dB
	ED-based WUR: -0.88 dB
OFDM-based WUR: 2.12 dB



Table 3:  Additional evaluation assumptions for LP-WUS/LP-SS coverage
	
	Msg3
	LP-WUS/LP-SS

	
	Non-RedCap
	RedCap
	Non-RedCap
(ED-based WUR)
	Non-RedCap
(OFDM-based WUR)
	RedCap
(ED-based WUR)
	RedCap
(OFDM-based WUR)

	Transmitter
	　
	　
	　
	　
	　
	　

	(1) Number of transmit antennas.
	1.00 
	1.00 
	192.00 
	192.00 
	192.00 
	192.00 

	(2a) # of gNB TXRUs
	64.00 
	64.00 
	64.00 
	64.00 
	64.00 
	64.00 

	(2b) Number of transmit chains
	1.00 
	1.00 
	4.00 
	4.00 
	4.00 
	4.00 

	(3a) Downlink Power Spectrum Density (dBm/MHz)
	-
	-
	33.00 
	33.00 
	33.00 
	33.00 

	(3bis) Transmit power for occupied channel bandwidth for control channel (17a) or data channel (17b)
	23.00 
	23.00 
	39.35 
	39.35 
	39.35 
	39.35 

	(4) Transmitter antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (4a) +10*log10( (1) / (2a) ) - (4b)  (dB) for downlink, and 
                    = (4a) +10*log10( (1) / (2b) ) - (4b)  (dB) for uplink
	0.00 
	-3.00 
	12.77 
	12.77 
	12.77 
	12.77 

	(4a) Transmitter antenna element gain (dBi)
	0.00 
	-3.00 
	8.00 
	8.00 
	8.00 
	8.00 

	(4b) Transmitter antenna gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for downlink and delta3 for uplink
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(5) Transmitter antenna gain (dB) at antenna gain component 2
Note: void (=zero) for uplink
	0.00 
	0.00 
	12.00 
	12.00 
	12.00 
	12.00 

	(7) Data channel power loss due to pilot/control boosting (dB)
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)
	1.00 
	1.00 
	3.00 
	3.00 
	3.00 
	3.00 

	(9b) Data channel EIRP = (3bis) + (4) + (5) – (7) – (8)  dBm
	22.00 
	19.00 
	61.13 
	61.13 
	61.13 
	61.13 

	Receiver
	　
	　
	　
	　
	　
	　

	(10) Number of receive antennas 
	192.00 
	192.00 
	4.00 
	4.00 
	2.00 
	2.00 

	(10bis) Number of receive chains
	4.00 
	4.00 
	4.00 
	4.00 
	2.00 
	2.00 

	(11) Receiver antenna gain (dB) at antenna gain component 3 & antenna gain component 4  = (11a) +10*log10( (10) / (10bis) ) - (11b)  (dB) for downlink; and 
                     = (11a) +10*log10( (10) / (2a) ) - (11b)  (dB) for uplink
	12.77 
	12.77 
	0.00 
	0.00 
	-3.00 
	-3.00 

	(11a) Receiver antenna element gain (dBi)
	8.00 
	8.00 
	0.00 
	0.00 
	-3.00 
	-3.00 

	(11b) Receiver antena gain correction factor at antenna gain component 3 & antenna gain component 4 (dB)
Note: delta2 for uplink, and delta3 for downlink
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(11bis) Receiver antenna gain (dB) at antenna gain component 2
Note: void (=zero) for downlink
	8.00 
	8.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)
	3.00 
	3.00 
	1.00 
	1.00 
	1.00 
	1.00 

	(13) Receiver noise figure (dB)
	5.00 
	5.00 
	12.00 
	9.00 
	12.00 
	9.00 

	(14) Thermal noise density (dBm/Hz)
	-174.00 
	-174.00 
	-174.00 
	-174.00 
	-174.00 
	-174.00 

	(15b) Receiver interference density for data channel (dBm/Hz) 
	-999.00 
	-999.00 
	-999.00 
	-999.00 
	-999.00 
	-999.00 

	(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz
	-169.00 
	-169.00 
	-162.00 
	-165.00 
	-162.00 
	-165.00 

	(17b) Occupied channel bandwidth for data channel (Hz)
	720000.00 
	720000.00 
	4320000.00 
	4320000.00 
	4320000.00 
	4320000.00 

	(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm
	-110.43 
	-110.43 
	-95.65 
	-98.65 
	-95.65 
	-98.65 

	(19b) Required SNR for the data channel (dB) 
	-6.45 
	-6.45 
	-0.88 
	2.12 
	-0.88 
	2.12 

	(20) Receiver implementation margin (dB)
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 
	2.00 

	(21b) H-ARQ gain for data channel (dB)
Note: Only applicable if HARQ is not considered in LLS
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 
	0.00 

	(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm
	-114.88 
	-114.88 
	-94.52 
	-94.52 
	-94.52 
	-94.52 

	(23b) Hardware link budget for data channel (MIL) = (9b) + (11) + (11bis) − (12) − (22b)  dB
	154.65 
	151.65 
	154.65 
	154.65 
	151.65 
	151.65 



6. Conclusion
In this contribution, we discussed L1 structures on LP-WUS/LP-SS. Based on the discussion, we made following proposals.

Proposal 1:
· For the overlaid OFDM sequences of LP-WUS, consider following two options:
· Option 1: Specify time domain OFDM sequence per OOK ON symbol.
· Option 2: Specify frequency domain OFDM sequence per OFDM symbol. 

Proposal 2:
· For the overlaid OFDM sequences of LP-WUS, consider following cases:
· Case 2: OFDM sequence does not carry information. gNB configures single known sequence. 
· Case 3: OFDM sequence carries information. gNB configures a set of Ns known sequences, one of the Ns sequences can be transmitted to carry log2 (Ns) bits. 
· Option 1: The overlaid OFDM sequence(s) carry part of information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s) and OOK symbols. 
· Option 2: The overlaid OFDM sequence(s) carry all information bits of LP-WUS. OFDM-based LP-WUR can obtain the whole information bits by OFDM sequence(s).

Proposal 3:
· For the LP-WUS payload, consider encoded bits with Manchester coding as baseline, to be confirmed by performance evaluation

Proposal 4:
· Further study the necessity of preamble preceding LP-WUS, considering the following aspects 
· Tolerable timing error for LP-WUS
· the maximum time gap between synchronization signal (LP-SS or PSS/SSS) and LP-WUS 
· Time/frequency error model, i.e. Fr and Tr.

Proposal 5:
· For the residual frequency error, further study the following options
· Option 1: LP-WUR can correct the frequency error, e.g., MR can assist to calibrate LP-WUR to correct the frequency error or LP-WUR can only correct the frequency error based on LP-WUS synchronization signal
· Option 2: LP-WUR cannot correct the frequency error
· For evaluation, companies report which option is assumed, Fr value and how Fr value is obtained.

Proposal 6:
· For the down selection whether to specify the overlaid OFDM sequence(s) for LP-SS, study further following aspects:
· SSB reception for sync/RRM with/without RF retuning
· Time gap between LP-SS and LP-WUS

Proposal 7:
· At least support a bandwidth of 5MHz including blanked guard RBs for LP-WUS and LP-SS in both RRC idle/inactive and RRC connected states.
· FFS the applied SCS, and the applied channel bandwidth
· FFS other bandwidth size for LP-WUS and LP-SSS.
· Note: The bandwidth size is assumed to be an integer number of PRBs
· Location of LP-WUS/LP-SS BW is configurable within a NR carrier

References
[1] R1-2403254, Discussion on LP-WUS operation in IDLE/INACTIVE modes, NTT DOCOMO, INC. 
[2] R1-2403255, Discussion on LP-WUS operation in CONNECTED mode, NTT DOCOMO, INC. 
[2] R1-2401837, Summary#3 of discussions on LP-WUS and LP-SS design, Moderator (vivo)
- 4/4 -
image1.emf
Option 1: Time domain OFDM 

sequence per OOK ON chip

Option 2: Frequency domain OFDM 

sequence per OFDM symbol

Option 1 needs to specify each block 

Option 2 does not specify any block 


Microsoft_Visio_Drawing1.vsdx

Option 1: Time domain OFDM sequence per OOK ON chip
Option 2: Frequency domain OFDM sequence per OFDM symbol

Option 1 needs to specify each block 
Option 2 does not specify any block



image2.emf
e.g.) LP-WUS information ‘1001’

1

0

0

1

OFDM sequence

indicating ‘1’

(N1=3) OFDM sequences carry ‘1’

1

0

0

1

OFDM sequence

indicating ‘01’

(N1=2) OFDM sequences carry ‘01’

1

0

0

1

OFDM sequence

indicating ‘001’

(N1=1) OFDM sequences carry ‘001’


image3.emf
e.g.) LP-WUS information ‘1001’

1

0

0

1

OFDM sequence

indicating ‘1’

OFDM sequence

indicating ‘0’

(N1=4) OFDM sequences carry 1 bit

1

0

0

1

OFDM sequence

indicating ‘10’

OFDM sequence

indicating ‘01’

(N1=2) OFDM sequences carry 2 bit

1

0

0

1

OFDM sequence

indicating ‘1001’

(N1=1) OFDM sequences carry 4 bit


image4.emf
t

LP-SS

LP-WUS payload:

Sequence vs encoded bits

LP-WUS 

preamble


image5.emf
CBW=20MHz

LP-SS

5MHz

LP-WUS

SSB

LP-WUR BW

RF retuning 


