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[bookmark: _Ref2933478]Introduction
The work item descriptions of Rel-18 NR NTN were updated in RAN #97-e meeting [2] and one of the objectives is coverage enhancement. 

For Rel-18 coverage enhancement in NTN, NLOS environment is deprioritized.
“FL found that several companies reported that NLOS environment should be de-prioritized. [3/HW, HiSi] states that LOS channel is the majority cases (larger than 90%) for UEs served by LEOs in rural scenarios. [7/VIVO] raises an issue that clutter loss is defined for NLOS in 38.811 and it is over 18 dB.  In addition, [9/MTK] [13/Pana] suggest prioritizing NLOS environment, although most companies assume LOS channel in their simulations.” 

But there are 10% of the users within coverage experiencing the poor/NLOS channel condition, deprioritizing NLOS environment will neglect a large group of users. For outgoing calls, these users can consciously choose a good spot to initiate the call. However, for incoming calls, users with poor reception conditions might miss urgent paging calls and messages, which can be especially detrimental for those public safety purpose paging messages.

This TDoC proposes a simple solution to solve the problem of missing paging calls and paging message in addition to the on-going activities [1] of downlink enhancement for LOS communication scenario. 
Discussion 
Satellite to User Equipment (UE) transmission typically has very limited power margin and usually requires line of sight for best performance. As mentioned in [1], for Mobile Originated calls, users are aware of the channel quality and can achieve LOS communication by consciously adjusting the spot of signal transmission/reception. For Mobile terminated calls, users are unaware of its channel condition and might miss important paging messages even within the LOS coverage area. 

When UE is inside a pocket or backpack, and/or inside a car, or being blocked by building and/or foliage, the additional path loss causes very low signal to noise ratio (SNR) at the receiver. Per 3GPP 5G New Radio (NR) Non-Terrestrial Network (NTN) standard TS 38.304[5], UE in Radio Resource Connection IDLE (RRC_IDLE) or Radio Resource Connection INACTIVE (RRC_INACTIVE) periodically wakes up to check for paging signal. When UE wakes up, it first tries to detect SSB for synchronization purpose and extracting MIB. Then, it tries to detect PDCCH and PDSCH and check for paging messages. 

There are two types of paging in 5G NR:
1. Paging to trigger RRC setup, RRC request or RRC resumption. (Most of paging messages)
2. System Information Modification and ETWS/CMAS indications (Short Message) done by PDCCH DCI 1_0 with P_RNTI and a short message. 

It is important to ensure that paging messages are successfully received by the destined users. But, when the Core Network or the gNB pages such UE in IDLE or INACTIVE mode, the UE may be in a very poor channel condition and may miss the 5G NR paging message due to very low SNR, even though it is still in the beam coverage of the NTN system. 

There are two scenarios of paging failure when UE wakes up from sleep:
· Scenario 1: UE can still successfully detect synchronization signals (SSB)
a) UE successfully decodes PDCCH but fails to decode PDSCH, UE then sends HARQ NACK to gNB, UE continues to stay awake waiting for gNB to retransmit the paging message accordingly in the PDSCH until it eventually receives its paging message with some delay. No further discussion is needed.
b) UE fails decoding PDCCH scheduling for paging even at the highest allowable PDCCH aggregation level or the most allowable redundancy in PDCCH. When no data is received, no HARQ NACK is sent, and UE goes back to sleep. The gNB waits for the UE to wake up next time to send the paging message again. PDCCH scheduling failure can cause very long delay and waste downlink resource as the paging process repeats again and again.
· Scenario 2: UE can’t successfully detect synchronization signals (SSB) which is originally designed for terrestrial communication. 

In [1], very poor link budget margin for downlink transmission is shown and a specific mechanism to enhance at least [6] dB for the PDCCH and PDSCH channel to improve the system performance has been proposed. This proposal may help address the problem described in scenario 1, but it won’t help to solve the problem described in scenario 2, as measurement data have indicated that more than 18 dB additional power may be needed to overcome some of the most adverse shadowed condition.

There are many ways to extend the downlink reception SNR for NTN communication in scenario 2.
i. Increase the transmission power on satellite, double the Transmit power may increase the received SNR by 3dB.
ii. Increase TX antenna gain on satellite, double the antenna diameter may increase the received SNR by 6 dB.
iii. Increase RX antenna gain on UE
iv. Increase repetition number of the physical layer waveform, every double of the repetition number could achieve as much as 3dB gain. 
v. Combination of option 1-4.

As satellite communication system is power limited, it will be difficult to obtain additional 18dB by increasing the onboard transmission power and TX antenna size due to satellite size, weight and cost constraints. Therefore options 1 and 2 are not feasible solution to enhance reception SNR. Similarly, option 3 is constrained by the size, weight, and cost of the UE, and therefore deemed infeasible. Increasing repetition number of the physical layer waveform only requires modem change. However, it will require at least 26 or 64 repetitions to obtain extra 18dB leading to much longer transmission and reception time. The UE will also use 64 times more power and time/frequency resource for the handshaking and therefore it is not that desirable either.


Observation 1: There are about 10% of users experience very poor downlink reception within NTN coverage, and the receiver SNR could be below the desired SNR by as much as 18dB. These users might miss or not receive in a timely manner downlink paging calls or paging short messages due to poor received SNR. These paging calls and paging messages, especially for public safety purpose, are important to all users. 

Observation 2: Paging calls and paging short messages are User Terminated calls and may experience lower SNR due to lower user cooperation. Even with enhanced PDCCH and PDSCH channels, the paging calls or paging messages may still not be delivered in a timely manner because the SSB can’t be detected at UE.

Observation 3: It is very difficult to extend the downlink channels to improve the reliability of downlink paging calls and messages.

To improve the reliability of paging message reception and solve the problem described in paging failure scenario 2 (for the 10% NTN users in the system) will require user cooperation, which can only be achieved by informing the user that a paging message destinated for the user has been sent, and their cooperation is needed.

We therefore propose to allocate a dedicated Paging Alert Channel (PAC) in the current 5G NTN downlink spectrum. Very low code rate or low MCS plus large number of repetitions can be applied to the downlink paging alert channel to extend the received SNR by as much as 18 dB without affecting the rest of the physical downlink channels including PBCH for SSB, PDCCH and PDSCH to maintain the efficiency of the system. In addition, PAC can also presumably help maintaining synchronization with the network, which can speed up re-acquisition of the UE when it is moved to better reception location.

Paging Alert Channel will be used to notify UE when normal paging calls and messages can’t be delivered to UE successfully in 5G NR paging channel. The Paging Alert Channel is downlink only and need not require acknowledgement from UE under poor channel condition for two reasons:  
1. The power consumption at receiver is much smaller than transmission. Downlink only Paging alert channel will utilize the repetition of physical waveform to extend the reception SNR at UE, and the power consumption increase at UE receiver is not as significant as requesting large number of repetitions at the UE transmitter.
2. Only when a UE cannot detect NR SSB at all, the UE wakes up periodically to monitor the Paging Alert Channel and checks for paging alert messages. UEs are grouped to wake up at some designated time slot by certain rules, e.g., LSBs of UE’s ID. If there is a paging alert message for the UE, a user can be notified to move to a better reception location to respond to the normal paging message, resulting in simpler and more efficient system.

In summary, a paging alert channel will extend downlink operational coverage further with the help of user cooperation and can better serve the 10% of the users who experience poor channel condition. It will help to improve the paging channel reliability while maintaining UE power efficiency. 

Additionally, we can also allocate more power to the paging alert channel as an option, which will improve the reliability of reception or reduce repetition number to increase paging capacity, per operator’s choice. 

Proposal 1: Consider in 3GPP work program, the definition of NR_NTN enhancements (e.g., a dedicated channel for alert) optimized to allow for reception of alert messages in very low SNR conditions (e.g., vehicles/boats/blockage).
Note: the intent is to alert the UE to move to a better signal reception location for communication.

Conclusion
Based on the discussion above, we have the following observations and proposal.
Observation 1: There are about 10% of users experience very poor downlink reception within NTN coverage. These users might miss or not receive in a timely manner downlink paging calls or paging short messages due to poor received SNR. These paging calls and paging messages, especially for public safety purpose, are important to all users. 

Observation 2: Paging calls and paging short messages are User Terminated calls and may experience lower SNR due to lower user cooperation. Even with enhanced PDCCH and PDSCH channels, the paging calls or paging messages may still not be delivered in a timely manner because the SSB can’t be detected at UE.

Observation 3: It is very difficult to extend the downlink channels to improve the reliability of downlink paging calls and messages.

Proposal 1: Consider in 3GPP work program, the definition of NR_NTN enhancements (e.g., a dedicated channel for alert) optimized to allow for reception of alert messages in very low SNR conditions (e.g., vehicles/boats/blockage).
Note: the intent is to alert the UE to move to a better signal reception location for communication.
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