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Introduction
An objective for Rel-18 NR NTN is to study the applicability of general NR coverage enhancement solutions to non-terrestrial networks. This includes identifying potential issues and enhancements to coverage considering NTN-specific characteristics such as large propagation delay and satellite movement. The primary use cases are voice and low-rate data services using commercial smartphones. 
An initial 6-month study phase to derive clear and limited scope has recently completed, with the following detailed objectives defined [1]:
· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]
RAN2 has additionally made the following agreement in RAN2#120 [5]:
· RAN2 will consider enhancements to enable initial blind Msg3 retransmission grant reception in Rel-18 NTN
This document continues the discussion on blind Msg3 retransmission grant reception in NTN, summarizing the issue and previously proposed solutions. An evaluated of each solution is then presented and possible improvements described.
Discussion
Several Msg3 coverage enhancement techniques are currently supported for in Rel-17 NTN. For example, Type A PUSCH repetition is supported by starting the ra-ContentionResolutionTimer in the first symbol after the end of all repetitions of the Msg3 transmission plus the UE-gNB RTT. Blind Msg3 retransmission is supported by ignoring ra-ContentionResolutionTimer expiry if a PDCCH addressed to TC-RNTI indicating an UL grant for a Msg3 retransmission is received after the start of the ra-ContentionResolutionTimer. 
One issue identified and so far not addressed is the large delay after initial Msg3 transmission before blind Msg3 retransmission grant reception is possible. 
PDCCH monitoring during a 4-step Random Access procedure
Upon Random Access Preamble transmission, the MAC entity will start the ra-ResponseWindow at a PDCCH occasion specified in [2]. While the ra-ResponseWindow is running, the UE will monitor PDCCH. Upon successful RAR reception containing Random Access Preamble identifiers that match the transmitted PREAMBLE_INDEX, the MAC entity may stop ra-ResponseWindow and hence monitoring for Random Access Response(s).
Upon Msg3 (re)transmission, the MAC entity will start the ra-ContentionResolutionTimer in the first symbol after the end of Msg3 (re)transmission. While the ra-ContentionResolutionTimer is running, the UE will monitor PDCCH. The MAC entity will stop the ra-ContentionResolutionTimer if notification of a reception of a PDCCH transmission is received from lower layers and the PDCCH transmission is addressed to C-RNTI or TEMPORARY_C-RNTI.
This procedure is modified for non-terrestrial networks by offsetting the start of ra-ResponseWindow and ra-ContentionResolutionTimer by the UE-gNB RTT. This ensures that the ra-ResponseWindow and ra-ContentionResolutionTimer do not prematurely expire due to the long propagation delays characteristic of non-terrestrial networks. 
Blind Msg3 retransmission in non-terrestrial networks
In terrestrial networks the gap between a MAC entity stopping the ra-ResponseWindow and starting the ra-ContentionResolutionTimer is usually quite brief, allowing near-continuous monitoring of PDCCH. By offsetting the start of the ra-ContentionResolutionTimer in NTN this gap is significantly increased, limiting the ability to quickly receive a blind Msg3 retransmission grant after the ra-ResponseWindow is stopped (Figure 1).
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Figure 1: (A) Msg3 blind retransmission grant reception in a terrestrial network; (B) Msg3 blind retransmission grant reception in a non-terrestrial network;
Proposed solutions for fast (i.e. less than UE-gNB RTT) blind Msg3 retranmission grant reception after initial Msg3 transmission can be summarized as follows:
Solution 1) Do not stop the ra-ResponseWindow after initial RAR reception: In this case, the UE will continue to monitor PDCCH for a blind Msg3 retransmission grant after successfully receiving RAR. 
Although this will have less impact to UE power consumption as compared to Solution 2, the differential delay due to very large cell sizes in NTN may mean a UE on cell edge (a key beneficiary of coverage enhancements) will only receive the RAR close to ra-ResponseWindow expiry anyways. In these scenarios, the additional benefit of continued monitoring may be limited unless the ra-ResponseWindow is extended (causing even greater power consumption).
Observation 1:	Due to large differential delay in NTN, continuing ra-ResponseWindow after RAR reception will have limited benefit for UEs at cell edge (a main candidate for coverage enhancements).
Solution 2) Starting the ra-ContentionResolutionTimer immediately after Initial Msg3 transmission: In this case, a UE operating in a non-terrestrial network will start the ra-ContentionResolutionTimer in the first symbol after the end of initial Msg3 transmission to monitor for a blind Msg3 retransmission grant. 
Unless an additional configuration is introduced to disabled this feature, the UE would have to start the ra-ContentionResolutionTimer after every initial Msg3 transmission in a non-terrestrial network regardless of whether the network intends to send a blind Msg3 retransmission grant or not. Furthermore, the UE may have to start the ra-ContentionResolutionTimer a second time after the UE-gNB RTT due to the same initial Msg3 transmission, which is undesirable from a UE power consumption perspective.  
A second issue is that under certain NTN deployment scenarios (e.g., GEO) the propagation delay is larger than the ra-ContentionResolutionTimer. In this case, if the UE does not receive a blind Msg3 retransmission grant during the first monitoring duration (started immediately after initial Msg3 transmission), the ra-ContentionResolutionTimer may expire before the second monitoring duration (started in the first symbol after initial Msg3 transmission plus the UE-gNB RTT). Under current specification the UE will then consider Contention Resolution unsuccessful.
Observation 2:	If timer duration is less than UE-gNB RTT, starting ra-ContentionResolutionTimer immediately after initial Msg3 transmission will cause premature Contention Resolution failure if a blind Msg3 retransmission grant is not received 

Alternatively, a new monitoring window could be introduced in NTN to control additional PDCCH monitoring for a blind MSG3 retransmission grant. A new window offers greater flexibility to control aspects like monitoring duration and/or periodicity, allowing adjustment based on factors like UE-gNB RTT or channel conditions. 
Observation 3:	Introducing a new window for blind MSG3 retransmission grant provides greater flexibility to customize monitoring duration based on aspects like UE-gNB RTT or channel conditions.
Additional flexibility would be useful to address the variety of deployment scenarios and coverage conditions in NTN, supporting a trade-off between UE power saving and additional scheduling opportunities.
Proposal 1:	Introduce a new monitoring window to control additional PDCCH monitoring for blind MSG3 retransmission grant in NTN.	
Another issue with solutions discussed in Rel-17 is they mandate additional monitoring for all UEs regardless of coverage conditions. A new monitoring window can be enabled/disabled without impact to legacy procedures, ensuring UEs only perform additional monitoring when necessary (e.g. when the UE is coverage limited).
Observation 4:	A new monitoring window for blind MSG3 retransmission grant can be dynamically enabled/disabled without impacting legacy RACH procedure, improving power saving for UEs that don’t need enhanced coverage.
Despite the limited signalling opportunities prior to MSG3, there are several ways in which a configuration or enable/disable indication can be provided such as system information or within RAR. The UE could also request additional monitoring for blind MSG3 retransmission grants, for example, via transmission of a preamble from a partition (similar to MSG3 repetition).
Proposal 2:	New monitoring window for blind MSG3 retransmission grant can be enabled/disabled based on configuration and/or indication.
Although the decision to schedule additional blind MSG3 retransmission grant(s) is up to NW, there are some scenarios where it is more likely, like after a failed reception or decoding of a previous message. Although UE may not always know a message was unsuccessfully received since feedback is limited during random access, there are some scenarios like fallback from 2-step to 4-step RACH where it will.
A UE which initated 2-step RACH falls back to 4-step RACH upon reception of a RAR instead of MSGB, indicating issues decoding the full MSGA on the NW side. To be conservative, a UE may trigger additional monitoring for blind MSG3 transmission grant to ensure subsequent messages are successful.
Proposal 3:	Upon fallback from 2-step to 4-step RACH, UE performs additional PDCCH monitoring for blind MSG3 retransmission grant in NTN.	
Conclusion
In this contribution the following observation and proposals were made concerning fast blind Msg3 retransmission grant reception in non-terrestrial networks:
Observation 1:	Due to large differential delay in NTN, continuing ra-ResponseWindow after RAR reception will have limited benefit for UEs at cell edge (a main candidate for coverage enhancements).
Observation 2:	If timer duration is less than UE-gNB RTT, starting ra-ContentionResolutionTimer immediately after initial Msg3 transmission will cause premature Contention Resolution failure if a blind Msg3 retransmission grant is not received 
Observation 3:	Introducing a new window for blind MSG3 retransmission grant provides greater flexibility to customize monitoring duration based on aspects like UE-gNB RTT or channel conditions.
Observation 4:	A new monitoring window for blind MSG3 retransmission grant can be dynamically enabled/disabled without impacting legacy RACH procedure, improving power saving for UEs that don’t need enhanced coverage.
Proposal 1:	Introduce a new monitoring window to control additional PDCCH monitoring for blind MSG3 retransmission grant in NTN.	
Proposal 2:	New monitoring window for blind MSG3 retransmission grant can be enabled/disabled based on configuration and/or indication.
Proposal 3:	Upon fallback from 2-step to 4-step RACH, UE performs additional PDCCH monitoring for blind MSG3 retransmission grant in NTN.	
References
RP-223534– 3GPP Work Item Description: NR NTN enhancements (Rel-18)
3GPP TS 38.213: Physical layer procedures for control v17.2.0
3GPP TS 38.321: Medium Access Control (MAC) protocol specification v17.1.0
R2-2211101 – RAN2#119bis-e Meeting Report
Draft_R2_120_meeting_report_v1
	5/5	
image1.png
PDCCH transmission

Msg3 addressed to
A) RAR retransmission grant TEMPORARY_C-RNTI
ra-ResponseWindow ra-ContentionResolutionTimer | ra-ContentionResolution Timer
Initial Msg3 Msg3 t
il transmission retransmission
RA Preamble Processing Processing
transmission ime ime

B) Earliest opportunity to
RAR retransmission grant
; UE-gNB RTT
ra-ResponseWindow ra-ContentionResolutionTimer
T\m ial Msg3
i transrmission
RA Preamble Processing

transmission time




