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1	Introduction 
The study on low-power Wake-up Signal and Receiver for NR has been added to the 3GPP Rel-18 work plan with the following objectives [1]:

	· 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. 



Over the past several meetings, RAN4 has been discussing aspects related to the RAN1 LS on LP-WUS [2], with the latest agreements captured in [3-8].

This contribution provides the rationale for the separate band WUS system architecture.
2	Discussion
Dedicated spectrum for the WUS can enable a low-complexity UE receiver and avoid reducing the spectral efficiency of cellular communications by not configuring the WUS in-channel with the wanted cellular data.  A reuse of spectrum licensed for broadcast operation can be a viable scenario.  Potential spectrum that can be used for WUS broadcast is the TV whitespaces spectrum.  TV channels 19 through 36 span the 500 – 608 MHz frequency range.  Each TV channel is 6 MHz wide with 0.309 MHz guard band on each side.  In total, there are 11.14 MHz available with this guard band spectrum.  Additionally, the band plans discussed in the LTE 6G broadcast work item can be considered for this purpose, enabling broadcast operators to make choices about the services and business models they wish to pursue with their spectrum [9]:

	Band plan
From [1] two band plan options not mutually exclusive were identified
1. Define a single band covering the entire UHF frequency range 470 – [698/702] MHz
a. The requirements are relaxed for this band (TBD which requirements and how much) and/or
b. This band is assumed to be implemented with more than one filter in the UE (TBD how many filters and the characteristics of those filters)
2. Define smaller bands 
a. At least one of the bands overlaps with Band n105 DL to reuse n105 Rx filter
b. Specify the following bands 470-542 MHz, 540-606 MHz and 602-702 MHz.
c. Other 
Agreement from online session: 
· Define the band plan based on available data for BS and UE.  
· Full UHF band, i.e., 470 – 698MHz, 
· with reduced UE blocking
· Narrow band, i.e., 612 – 652 MHz, which is the same as the downlink operating band of n105.  
· If data for other frequency ranges becomes available before the conclusion of the work item, it can be considered either as a separate band or as a modification to initially defined bands.
Way Forward
· Further clarification and study is needed to elaborate on and quantify requirements with respect to reduced UE blocking for the full UHF band.
· All technical requirements for these bands are still to be defined.



Consulting ITU agreements, we refer to the following summary of digital audio broadcasting systems [10]:
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This background material provides the context for the spectrum feasibility of operating a broadcast service dedicated to transmitting wake-up signals for cellular UEs

A wake-up signal (WUS) broadcast network can be overlaid over a cellular network, as shown in Figure 1 below.
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Figure 1: Potential WUS network layout

The WUS network can utilize low-frequency spectrum and existing high-power broadcasting infrastructure to cover multiple mobile broadband (MBB) cells with one WUS node.  In this model, the WUS broadcast network and the cellular MBB network could belong to the same operator or different operators.

To further rationalize the potential of a separate band WUS network architecture, we consider the potential convergence between the tasks of broadcasting wake-up signals and broadcasting other multicast information to users in the network.  With this convergence, broadcast nodes may be utilized to transmit wake-up signals, emergency messages, and other broadcast information to users.  
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3	Conclusions
This contribution provides the rationale for the separate band WUS system architecture, with the following proposal:

Proposal 1:	RAN4 shall continue to study the scenario of WUS in a separate band from the main radio.
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Notes to the table:
1. See ITU Circular letter CCRR/20 of 6 September 2002 and Section 5.1 of Report ITU-R BS.2144".

2. In provision 5.134 of the Radio Regulations administrations are encouraged to use a number of
HF broadcasting bands to facilitate the introduction of digitally modulated emissions in
accordance with the provisions of Resolution 517 (Rev.WRC-07).

3.  The ECC of the CEPT notes that there may be a need for some Rules of Procedure in relation to
the GE-84 Agreement in order to take into account digital system parameters42.

4.  The MAO02revCOO07 provides the regional special arrangement within CEPT for the introduction
of DAB and mobile multimedia broadcasting in the frequency range 1452 to 1479.5 MHz.
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Table 5.3: Applicability of digital audio broadcasting systems under ITU agreements

Application of digital systems under the current
Agreements

DRM30 with a nominal bandwidth of 9 kHz
permitted, provided the radiation is reduced by at
least 7 dB in all directions, compared to the
radiation of the AM modulated frequency
assignment in the Plan;

IBOC not permitted without revision of the
Agreement.

MF

RJ81

Region 2

DRM30 not permitted without revision of the
Agreement;

IBOC not permitted without revision of the
Agreement.

MF

(1605 —
1705 kHz)

RJ88

Region 2

DRM30 with a nominal bandwidth of 10 kHz
permitted if conditions in No. 3.2 of Annex 2 to the
RJ88 Agreement are satisfied;

IBOC not permitted without revision of the
Agreement.

HF

Radio Regulation
Article 12

All regions

Permitted under the condition of Radio ®
Regulations Resolution 517 (rev. WRC-07).

Band |

RRC-06-Rev ST61

European
Broadcasting Area

DRM+ not permitted without revision of the
Agreement; Agreement permits analogue TV only.

Band |

RRC-06-Rev GE89

African
Broadcasting Area

DRM+ not permitted without revision of the
Agreement; Agreement permits analogue TV only.

Band Il

GE84

Region 1 and part
of Region 3

DRM+ permitted provided that is does not cause
more interference and does not require higher
protection (Section 3.1 of Chapter 3 to Annex 2 of
the GE84 Agreement);

ISDB-TSB not permitted; does not fit in channel
arrangement;

IBOC not permitted; does not fit in channel
arrangement.

Band Ill

GEO06

Parts of Regions 1
and 3

DAB and DAB+ permitted under T-DAB assignments
or allotments;

ISDB-TSB (in full channel mode) permitted if the
conditions of Article 5.1.3 of the GEO6 Agreement
are satisfied;

DRM+ permitted if the conditions of Article 5.1.3 of
the GEO6 Agreement are satisfied

1.5 GHz
range

No ITU plan

2.6 GHz
range

No ITU plan





