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[bookmark: _Ref506539118]Introduction
RAN1 received a reply LS from RAN4, which includes the following questions [1]:
	To further evaluate the RF aspects of LP-WUR architecture, RAN4 would like to know the following clarifications from RAN1: 
· Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design
· Power consumption, coverage and SNR targets 
· Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case
· Possible supported SCS for LP-WUS, if applicable
· Whether WUS can be located in a band separate from the UE’s NR band
· Whether FR1 is considered as first priority frequency range 
· Whether in-band power boosting of LP-WUS is considered from RAN1 perspective
ACTION: 	3GPP RAN4 respectfully asks RAN1 to take the above feedback into account, and provide feedback on the clarification questions.


In the contribution, we present our views on reply LS on LP-WUR architectures. 
Discussion on response to RAN4 LS	
In [1], RAN4 provides their initial assumption and agreements on LP-WUS architecture and further asks several questions for clarification from RAN1. 
[bookmark: _Hlk131706575]Whether IoT/wearables/smartphone UE types are all considered for LP-WUR design
There is long discussion in RAN to clarify the characteristic of the targeted use cases including IoT, wearable and eMBB. eMBB use case further includes XR/smart glasses, smart phones and etc. Therefore, it would be straightforward to reply RAN4 that all IoT/wearables/smartphone UE types are all considered for LP-WUR design. 
Proposal 1: reply RAN4 that all IoT/wearables/smartphone UE types are all considered for LP-WUR design.
Power consumption, coverage and SNR targets 
Power consumption is the key parameter for LP-WUR. The achievable power consumption depends on the adopted waveform which can be from OOK, FSK or OFDM. For OOK/FSK receiver architecture, the power consumption is expected to be lower than 1mW. To support a reasonable coverage with a practical data rate, the power consumption may need to be larger than 100uW for OOK/FSK. As to OFDM based receiver, it is expected to have a higher power consumption due to the more stringent requirement on time/frequency synchronization and processing of complex symbols generated by I/Q branches. RAN1 is studying whether OFDM based receiver can achieve reasonable power consumption range to justify the LP-WUR. The exact break-down for each component of OFDM-based receiver is still under RAN1 discussion. 
[bookmark: _Hlk131708364]Coverage is another key parameter for LP-WUR. A larger coverage is generally preferred for robust operation. It is desired that LP-WUR can be used in a larger portion of the cell coverage to maximize power saving benefit. However, it doesn’t necessarily mean that the link budget of LP-WUS should be same/similar to NR PDCCH. In existing NR idle mode operation for a UE, multiple NR channels are involved. For example, in the procedure of cell selection or tracking area update, the UE needs to send uplink data to gNB by PUSCH. The actual coverage of a cell is limited by the NR channel with worst link budget. PUSCH was identified as the bottleneck channel for coverage in the early study on coverage enhancement or RedCap. Therefore, the coverage of LP-WUS should be better than NR PUSCH. Note: The data rate for the PUSCH may be different from that used in coverage study of NR coverage enhancement or RedCap. 
Proposal 2: reply RAN4 that 
· The target power consumption of LP-WUS is selected in range 100uW – 1mW. 
· The coverage of LP-WUS should be better than NR PUSCH. The required SNR highly depends on the targeted coverage. 
Max occupied RB number in channel bandwidth for LP-WUS, for 1.4MHz and 5MHz RF bandwidth case
In [1], RAN4 agreed that the guard band if needed, can be located within 1.4MHz and 5MHz RF bandwidth. Thanks to the filter at the LP-WUR, one PRB at each side for the guard band can be sufficient to overcome the interference from adjacent subcarrier of other NR channels/signals in the cell. On the other hand, 1.4MHz or 5MHz for LP-WUS is from resource allocation perspective within a channel BW of a cell. It is unnecessary that the number of applicable PRBs for LP-WUS in the 1.4MHz or 5MHz follows existing RAN4 specification on guard band size for a cell with 1.4MHz or 5MHz BW. For 1.4MHz, the maximum number of PRBs for LP-WUS can be 6 for SCS 15kHz or 3 for SCS 30kHz. For 5MHz, the maximum number of PRBs for LP-WUS can be 24 for SCS 15kHz or 12 for SCS 30kHz
Proposal 3: reply RAN4 that 
· For 1.4MHz, the maximum number of PRBs for LP-WUS can be 6 for SCS 15kHz or 3 for SCS 30kHz. 
· For 5MHz, the maximum number of PRBs for LP-WUS can be 24 for SCS 15kHz or 12 for SCS 30kHz 
Possible supported SCS for LP-WUS, if applicable
RAN1 agreed that, 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, and study whether SCS can be different. For the latter case, gNB can multiplex LP-WUS and other NR channels/signals with different SCS numerologies in the same or different OFDM symbol. We provided an analysis in our companion contribution [2]. With same energy per information bit, the option using higher SCS outperforms the one with same SCS as NR. 
Proposal 3: reply RAN4 that RAN1 is studying LP-WUS design with a SCS that can be same as or different from main radio. 
Whether WUS can be located in a band separate from the UE’s NR band
LP-WUS can be located in the same band with other NR channels/signals, aka in-band LP-WUS. In this case, the interference between LP-WUS and other NR channels/signals should be carefully studied. The transmission by main radio can be also a reference to tune the parameters of the LP-WUR, vice versa. Therefore, it is preferred to focus the study on in-band LP-WUS. 
Proposal 4: reply RAN4 that the case of LP-WUS in the same band as the band of main radio is prioritized from RAN1 perspective. 
Whether FR1 is considered as first priority frequency range 
Once there was a discussion in RAN1 regarding the support of LP-WUS in FR2. There is no consensus whether such case is in the scope of the study item or not. It is hence preferred to focus on study for LP-WUS in FR1. 
Proposal 5: reply RAN4 that RAN1 prefers to focus on the study of LP-WUS in FR1. 
Whether in-band power boosting of LP-WUS is considered from RAN1 perspective
LP-WUS is normally a kind of broadcast channel which targeting multiple UEs, e.g., UEs in a paging group. Consequently, the reliability requirement for LP-WUS is high. Power boosting is one typical solution for performance improvement which is already supported in NR. Therefore, in-band power boosting should be considered for LP-WUS transmission. 
Proposal 6: reply RAN4 that in-band power boosting should be considered for LP-WUS transmission from RAN1 perspective. 
[bookmark: _Ref52481833]Conclusions
In this contribution, we presented discuss the questions in the RAN4 LS [1] and provides our views accordingly. Further, we summarize the proposals as follows:
Proposal 1: reply RAN4 that all IoT/wearables/smartphone UE types are all considered for LP-WUR design.
Proposal 2: reply RAN4 that 
· The target power consumption of LP-WUS is selected in range 100uW – 1mW. 
· The coverage of LP-WUS should be better than NR PUSCH. The required SNR highly depends on the targeted coverage. 
Proposal 3: reply RAN4 that 
· For 1.4MHz, the maximum number of PRBs for LP-WUS can be 6 for SCS 15kHz or 3 for SCS 30kHz. 
· For 5MHz, the maximum number of PRBs for LP-WUS can be 24 for SCS 15kHz or 12 for SCS 30kHz 
Proposal 3: reply RAN4 that RAN1 is studying LP-WUS design with a SCS that can be same as or different from main radio. 
Proposal 4: reply RAN4 that the case of LP-WUS in the same band as the band of main radio is prioritized from RAN1 perspective. 
Proposal 5: reply RAN4 that RAN1 prefers to focus on the study of LP-WUS in FR1. 
Proposal 6: reply RAN4 that in-band power boosting should be considered for LP-WUS transmission from RAN1 perspective. 
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