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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]In RANP#94-e meeting, a new study item (SI), “Study on low power wake up signal and receiver for NR” was approved [1], which specified the low power WUS design and its receiver architecture to enhance the energy efficiency of UEs as given in 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 and their coverage availability, as well as latency impact. 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. 



In this contribution we provide our views on the L1 signal design of LP-WUS and its monitoring procedure. 
LP-WUS Signal Design  
According to the objectives of the SID [1], the LP-WUS shall be designed with low power consumption as a primary feature, to simplify the detection procedure at the UE receiver side and support a simplified architecture for the LP-WUR. In this contribution we discuss the following two designs of LP-WUS. 
Sequence based design of LP-WUS with PBCH 
A sequence based signal design of LP-WUS with PBCH can be used to broadcast the ‘wake up’ and ‘stay in sleeping mode’ information to multiple UEs as shown in Figure 1.  The amount of information transmitted in this design may have a pre-defined length, where a single bit information is assigned to a UE for ‘wake up’ and/or ‘stay in sleeping mode’ functions of the main radio. In this signal design a UE should be allocated a specific symbol in time domain in the sequence of length X, when it enters into the LP-WUS mode, and based on the specific symbol location in the sequence of length X, the LP-WUR of UE can implicitly detects the allocated symbol in the transmitted sequence. 



Figure 1 Sequence based design of LP-WUS with PBCH
UE specific/UEs group specific based signal design of LP-WUS 
A UE specific/UEs group specific based LP-WUS can be configured to a UE or a group of UEs, where the signal design includes an LP-SS, the message part and the payload. The LP-SS is used to synchronize the LP-WUR before receiving the message part. The message part can include a bit trigger information for a UE or a group of UEs and a payload which includes the UE ID or UEs group ID for which the LP-WUS is transmitted as shown in Figure 2. The UE specific/UEs group specific LP-WUS can be transmitted only to those UEs which are triggered by the network. 



Figure 2 UE specific or UE group specific Design of LP-WU

A comparison between the sequence based design with PBCH, and UE specific/ UEs group specific based design of LP-WUS is shown in the following table.
	LI signal Design of LP-WUS
	Advantages
	Disadvantages

	Sequence based LP-WUS with PBCH
	· Easy detection mechanism 
· Low overhead 
· Support Low cost LP-WUR architecture 
· May not requires the LP-WUR synchronization with the network 
	· The overhead may increase when more UEs enters into the LP-WUS mode 


	UE specific/ UEs group specific design of LP-WUS 
	· Can be used only when a specific UE or a UEs group is triggered by the network (on demand signals)
· The trigger (wake up) information is less

	· Complex detection mechanism due to the UE ID decoding 
· Support complicated LP-WUR architecture 
· May requires the LP-WUR synchronization with the network 



Observation: 1 A sequence based signal design of LP-WUS with PBCH have the following advantages: 
· Easy detection mechanism
· Low overhead 
· Support low cost LP-WUR architecture
· Synchronization of LP-WUR is not requires 
Observation 2: A UE specific or UEs group Specific design of the LP-WUS have the following advantages:
· Transmitted only when requires (one demand signals)
· Less wake up information 

Proposal 1: Study at least the following two signal designs for LP-WUS 
· Sequence based signal design of LP-WUS with PBCH 
· UE specific/ UEs group specific signal design of LP-WUS

LP-WUS monitoring occasion procedure
In order to enhance the UE power saving and define a low power mechanism of the LP-WUS procedure, LP-WUS can be used as  periodic LP-WUS and configured LP-WUS for LP-WUS occasion as explained below. 
 Periodic LP-WUS 
Periodic LP-WUS can be used to trigger the main radio of UEs according to the sequence based LP-WUS design with PBCH as explained above. A periodic LP-WUS is not required to be UE specific or UEs group specific and it can be broadcasted in a cell or a periodic LP-WUS can be transmitted in different beams direction e.g. beam specific. The following are the main advantages of periodic LP-WUS
1. Periodic LP-WUS allows the availability of LP-WUS for each LP-WUS mode UE, which may enhance the LP-WUS coverage. 
2. Periodic LP-WUS does not require a UE ID or UEs group ID, which may reduce the LP-WUS decoding complexity and support a low cost LP-WUR architecture
The periodicity of periodic LP-WUS can be defined in the range of {5, 10, 20, 40, 80, 160}ms according to the periodicity of the 5G NR SS burst. LP-WUS with longer periodicity is beneficial in reducing the network overhead, however it may increase the ON time of the main radio, which increases the power consumption. On the other hand, LP-WUS with shorter periodicity may allow the UE to trigger the main radio near to the PDCCH monitoring occasion and reduce the ON time of main radio. However, the LP-WUS with shorter periodicity may increase the network overhead. 
Periodic LP-WUS in idle/inactive state: In idle/inactive state the LP-WUR of a UE can use a periodic LP-WUS to trigger the main radio of the UE, when the gNB transmits a PEI or paging PDCCH for that specific UE as shown in Figure 3. In idle/inactive state it can be assumed that the LP-WUR of a UE will use the nearby LP-WUS in time domain to trigger the main radio of UE based on the sequence based signal design. 


Figure 3 Periodic LP-WUS in idle/inactive state 

Periodic LP-WUS in connected state: In connected state periodic LP-WUS can be used by the LP-WUR of a UE to trigger the main radio of the UE in order to perform PDCCH monitoring. In connected state it can be assumed that the LP-WUR of a UE may use the nearby LP-WUS in time domain to trigger the main radio of UE, in both DRx on duration and DRx off duration as shown in Figure 4a and Figure 4b respectively. 

     

1

Figure 4a Periodic LP-WUS in connected state to trigger the main radio in DRx ON Duration
Figure 4b Periodic LP-WUS in connected state to trigger the main radio in DRx OFF Duration

Observation 3: Periodic LP-WUS allows the availability of LP-WUS for each LP-WUS mode UE and enhance the LP-WUS coverage. 
Observation 4: LP-WUS with longer periodicity may reduce the network overhead, however it may increase the ON time of the main radio 
Observation 5: LP-WUS with shorter periodicity reduces the ON time of the main radio, however it may increase the network overhead. 

Configured LP-WUS 
LP-WUS can be configured to trigger the main radio of UE when it is required, e.g. the LP-WUS is transmitted only when the network trigger an idle/inactive UE or connected UE. The configured LP-WUS is beneficial in reducing the ON time of the main radio, the network overhead, and the latency.
Configured LP-WUS in idle/inactive state: In idle/inactive state, LP-WUS can be configured when the network requires to page a UE or a group of UEs. Configured LP-WUS requires UE ID or UE group ID according to the UEs specific or UEs group specific signal design of LP-WUS, and it can be used to trigger the main radio of UE before PEI as shown in Figure 5a. In addition, a configured LP-WUS can also be used as an indication to inform the UE or group of UEs to monitor the target paging PDCCH and it can replace the PEI for paging indication as shown in the Figure 5b.  




Figure 5a Configured LP-WUS trigger the main                  Figure 5b Configured LP-WUS trigger main radio occasion before PEI occasion                                         radio before paging PDCCH occasion 

Configured LP-WUS in connected state: In connected state LP-WUS can be configured to wake up the main radio to monitor the PDCCH in DRx on duration, as shown in figure 6a. In addition, the configured LP-WUS can be used in DRx off duration to trigger the main radio for PDCCH monitoring and perform a transition from DRx off duration to DRx on duration as shown in Figure 6b  



Figure 6a Configured LP-WUS in DRx on           Duration
Figure 6b Configured LP-WUS in DRx off Duration 

Observation 6: In idle/inactive state, a configured LP-WUS can be used to inform the UE or group of UEs to monitor the target paging PDCCH and it can replace the Rel-17 PEI for paging indication. 
Observation 7: In connected state, a configured LP-WUS in continuous OFDM symbol before a PDCCH monitoring is beneficial for the latency critical services. 
Proposal 2: For LP-WUS monitoring procedure to trigger the main radio of a UE at least study the following two options. 
1. Periodic LP-WUS with a periodicity of SSB as a baseline
2. Configured LP-WUS for a specific LP-WUS occasion



Conclusion
In this contribution we discussed the L1 signal design and procedure for LP-WUS, and made the following observations and proposals.
Observation 1: A sequence based signal design of LP-WUS with PBCH have the following advantages: 
· Easy detection mechanism
· Low overhead 
· Support low cost LP-WUR architecture
· Synchronization of LP-WUR is not requires 
Observation 2: A UE specific or UEs group Specific design of the LP-WUS have the following advantages:
· Transmitted only when requires (one demand signals)
· Less wake up information 

Observation 3: Periodic LP-WUS allows the availability of LP-WUS for each LP-WUS mode UE and enhance the LP-WUS coverage. 
Observation 4: LP-WUS with longer periodicity may reduce the network overhead, however it may increase the ON time of the main radio. 
Observation 5: LP-WUS with shorter periodicity reduces the ON time of the main radio, however it may increase the network overhead. 
Observation 6: In idle/inactive state, a configured LP-WUS can be used to inform the UE or group of UEs to monitor the target paging PDCCH and it can replace the Rel-17 PEI for paging indication. 
Observation 7: In connected state, a configured LP-WUS in continuous OFDM symbol before a PDCCH monitoring is beneficial for the latency critical services. 

Proposal 1: Study at least the following signal designs for LP-WUS 
· Sequence based signal design of LP-WUS with PBCH 
· UE specific/ UEs group specific signal design of LP-WUS

Proposal 2: For LP-WUS monitoring procedure to trigger the main radio of a UE at least study the following options. 
1. Periodic LP-WUS with a periodicity of SSB as a baseline
2. Configured LP-WUS for a specific LP-WUS occasion


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
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