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[bookmark: scope][bookmark: foreword]Introduction
This document provides a summary of the contributions submitted for Semi-persistent Scheduling for DL/UL Data Transmission for Voice Packets. The detailed WI objectives can be found as below. 
	The aim of this work item is to specify the enhancement of NB-IoT-NTN to support IMS voice call over GSO with the following objectives:
·  Specify UP solution for voice support over NB-IoT NTN [RAN2]
· Specify solution to address the scheduling for variable sized voice traffic, if necessary [RAN2]
· Specify RoHC profile configuration for voice traffic [RAN2]
· Other necessary changes if needed
· Support of semi-persistent scheduling for NB-IoT-NTN for DL and UL data transmission for voice traffic [RAN2, RAN1]
· Support of necessary modifications to RRC connection setup procedure for NB-IoT-NTN [RAN2]  
· Support of necessary modifications for emergency call for voice over NB-IoT-NTN [RAN2]
· Study and if feasible, specify UE transmit power higher than PC1 (e.g. up to 37dBm) for NB-IoT-NTN [RAN4] 
· Note: The enhancements to support voice over NB-IoT-NTN via GSO in this work item may be also applicable to NGSO cases without additional specification enhancements
· Note: Coordination with SA4/2 is expected


Issues are tagged with [H](high priority), [M](Medium priority) or [L](Low priority). Proposals and items designated for the first-round discussion are specifically tagged with [FL1]. 
[bookmark: _Hlk221372156]Please prioritize your feedback on proposals and items marked with [FL1][H] and [FL][M] in section 3. Inputs on the remaining proposals are also highly encouraged.
Please consider entering contact info below for the points of contact for this email discussion.
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Background: voice traffic characteristics and SA4 progress
Understanding voice traffic patterns is essential for designing an efficient SPS framework. Based on the classic AMR codec characteristics [2][7], it is observed that
· Packet types: The encoder generates a packet every 20ms, categorized as voice, SID, or No_Data.
· Voice: carry voice payload
· SID: carries background noise parameters so that the receiver can generates comfort noise, it may be generated with a periodicity of 160ms
· No_Data: contains no payload, and is typically generated between two SID packets
· Bundling: Multiple packets are bundled into a single RTP bundle over a bundling period (i.e., 80ms, 160ms, or 320ms for ULBC as per TR 26.940).
· Variable payload size: Due to unpredictable transitions between talk and silence, the bundle composition varies:
· Upper Bound: A bundle containing only voice packets
· Lower Bound: A bundle containing SID and No_Data packets
· Dropping: If a bundle only has No_Data packets, the bundle will be dropped at the RTP layer.


Figure 1 Voice traffic characteristics [7]
[Open]SPS Framework
Section 2 introduces the variation nature in high layer packet size caused by talk-silence transitions during a voice call. In addition to that, [18] notes that the codec bitrate or bundle size may also change at the application layer due to congestion detection or poor coverage conditions. Furthermore, eNB may allocate more or fewer repetitions depending on radio conditions.
To resolve challenges of the varied packet size of voice traffic with SPS, multiple solutions have been discussed in [1],[2],[5],[6],[7], [8],[13],[15],[16],[18]. However, given the diversity of the proposed designs, it is currently challenging to perform direct comparison of each company’s solution. To facilitate a better understanding of the underlying logic and core requirements of each proposal, FL suggests decoupling the discussions into the following three functional dimensions. This framework will allow for a clearer evaluation for each direction:
· Aspect1. Number of SPS configuration
· Aspect2. Activation and release command for SPS
· Aspect3. SPS mechanisms 

1.1 Aspect1: Number of SPS configuration
Some companies favor a single SPS configuration, either with a fixed large TBS or with adaptive or multiple transmission parameters (e.g., TBS,MCS, resource assignment,repetitions times) to accommodate the packet size change. 
Some companies propose multiple SPS configurations, with different preference on whether these should be simultaneously active or has to be switched based on explicit switching/activation command. 
This section focusses on: whether to support multiple SPS configurations for GSO voice. Whether adaption is supported for a SPS configuration, or whether multiple SPS configurations can be simultaneously active or must be TDMed/switched are discussed in section 3.3.
· Option 1: Single SPS configuration for DL or UL [1], [6],[7],[13]
· Option 2: multiple SPS cofigurations for DL or UL [2],[14],[5],[6],[7],[13],[15],[18]

[FL1][H]Proposal 3.1-1
The majority supports Option 2. FL observes that the primary use cases of Option 2, i.e., supporting multiple SPS configurations, are the transitions between silence and talk. Therefore, FL assumes that two SPS configurations are sufficient.
[FL1] [H] Proposal 3.1-1: For R20 NB IoT NTN, up to two UL SPS configurations and up to two DL SPS configurations are supported.
· FFS whether multiple UL SPS configurations can be active simultaneously
· FFS whether multiple DL SPS configurations can be active simultaneously
· FFS whether and how to update the transmission parameter(s) (e.g., TBS, MCS, resource assignment, number of repetitions) for a given SPS configuration. 

Please provide your comments on the above proposal. Any concerns or suggested improvements are welcome. If there are concerns, it would be appreciated if you could also explain the reasons.
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1.2 Aspect2: Activation/release command for SPS
Two types of SPS are discussed by companies:
· Option 1 (RRC configuration-based activation): Supported by [12], and also proposed to be studied by [11]. Similar to the Configured Grant Type 1 in NR, where higher-layer signaling (e.g., RRC) provides all necessary transmission parameters.
· Activation: The SPS is activated immediately upon RRC configuration without the need for an additional NPDCCH command.
· Release: e.g., when the SPS configuration is removed by higher-layer signaling.
· Rationale: Minimizes latency and signaling exchange overhead, which is particularly beneficial for emergency calls.
· Option 2 (command-based activation/release): Supported by [3], [4], [5], [6], [7], [9], [12], [13], [18] and proposed to be studied by [11]. This follows the legacy SPS framework where RRC signaling provides semi-static parameters (e.g., periodicity).
· Activation: An additional activation/release DCI or MAC-CE is required.
· Release: An additional activation/release DCI or MAC-CE is required.
· Rationale: Provides higher scheduling flexibility and efficient resource management by allowing the network to dynamically control the SPS status

[FL1][H]Proposal 3.2-1
Considering the overwhelming majority of company preferences, and that CG type1 is not supported for LTE, FL suggests adopting Option 2 (command-based activation/release).
[FL1] [H] Proposal 3.2-1: For SPS for R20 NB IoT NTN, an activation or release command is supported.
· FFS how to convey the command.

Please provide your comments on the above proposal. If there are concerns, please also explain the reasons.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



Companies also discussed the signaling type for SPS activation and release command. The majority supports using DCI, which is also the classical solution in RAN1. 
· Option1. DCI-based activation/release is supported for SPS by ([1],[2],[3],[5],[6],[7],[9],[11],[14],[13],[19]) , with the following rationales
· [1],[2],[3],[5],[6], [7] Similar design as LTE SPS and NB-IoT SPS for BSR
· [3] optimizing DL/UL resource efficiency as voice traffic may not occur right after the reception of the SPS configuration
· [14] SPS NPDCCH validation for NB-IoT BSR is considered as a baseline
· Option2. MAC CE-based activation/release is supported for SPS by [11], [18] , with the following rationales
· [18] DCI-based activation/release may be infeasible in GSO scenarios, as the long durations of NPDSCH/NPUSCH repetitions leave insufficient gaps for the UE to monitor NPDCCH search spaces.
· [18] DCI-based activation/release requires additional DCI overhead, which restricts the efficient packing of multiple UEs and reduces overall voice capacity. 
However, [18] pointed out that for voice scenarios, there may be some issues when using DCI for SPS activation and deactivation:
-	The UE may not have time to monitor NPDCCH in between SPS NPDSCH and SPS NPUSCH
-	Scheduling delays / NPDCCH search space periodicity may not allow for efficient scheduling of multiple UEs in the same carrier.
[image: ]
Figure 2: Challenges with NPDCCH monitoring and packing of multiple UEs [18]

[FL1][H]Proposal 3.2-2
FL considers the observation in [18] to be valid. If NPDCCH is used to carry the SPS release command and the USS for NPDCCH monitoring overlaps with an ongoing SPS transmission, the UE is required to prioritize NPDCCH monitoring, which may impact voice quality. On the other hand, if the network avoids such overlap through USS and SPS configuration in all cases, the voice capacity to support multiple UEs will be reduced.
Given that the capacity is one of the most important metrics for GSO voice, FL proposes the following.
[FL1] [H] Proposal 3.2-2: Regarding the command for SPS release, down-select one of the following options.
· Option1. DCI
· Option2. MAC CE

Please provide your comments on the above proposal, including your preferred option(s) and the rationale.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



[FL1][H]Proposal 3.2-3
For SPS activation, if a MAC CE is used, a separate DG is required to convey the MAC CE, which requires additional resource. In contrast, using DCI for activation appears to be more straightforward.
Therefore, FL proposes the following.
[FL1] [H] Proposal 3.2-3: Regarding the command for SPS activation, down-select one of the following options.
· Option1. DCI
· Option2. MAC CE

Please provide your comments on the above proposal, including your preferred option(s) and the rationale.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



1.3 Aspect3: SPS mechanisms 
Several companies proposed to update/change the transmission parameters (e.g., TBS, MCS, resource assignment, number of repetitions, etc) of single SPS configuration to adapt to the packet size variation due to silence-talk transitions. It is pointed out that the TBS adaption has been supported in R15 NB IoT when edt-SmallTBS-Enabled is set to true, UE performing EDT is allowed to select TBS smaller than edt-TBS for Msg3, and the repetition times will be adapted to the smaller TBS. One company [15] indicated that packet size variation due to RoHC state transitions may also affect SPS operation, and also proposed a single-SPS scheme with multiple TBSs to accommodate such variations. 
FL view: FL understands that RoHC-related aspects is handled by SA2 and RAN2. While the proposed option in [15] for higher SPS flexibility (e.g., single SPS with multiple TBS/resources) still can be discussed as part of the general SPS framework in RAN1, but no RoHC-specific handling or signaling will be specified.
For example, as shown in below figure, a SPS configuration may be configured with two TBS candidates, one large TBS and one small TBS. The transmitter can select one TBS for actual transmission autonomously based on the arriving packet size, while the receiver side has to blind detect two TBSs on the SPS occasion.


Figure 3 SPS occasion with multiple transmission parameters
· Option 1: Single SPS configuration associated with a single set of transmission parameter (e.g., TBS/MCS/resource assignments/repetitions times) [7],[13], e.g., the TBS is large enough to transmit bundles with different compositions
· Pros: 
· [7] [13] minimum impact on the RAN1/RAN2 specifications
· [7] ensures timely transmission
· Cons:
· [5], [7], [16] resource inefficiency due to padding bits
· Option 2: Single SPS configuration associated with multiple sets of transmission parameters (e.g., TBS/MCS/resource assignments/repetitions times) [1], [6]. Transmitter selects one set for transmission.
· Pros:
· [1] avoid frequent release and activation of SPS configuration
· [1] ensures timely transmission
· [1] reduce resource overhead
· Cons:
· Receiver side must perform blind decoding to identify which TBS was transmitted
· Option 3: Multiple simultanously active SPS configurations.[5],[6],[7],[13],[15],[18]. Transmitter selects one for transmission.
· Pros:
· [7] ensures timely transmission
· [7] avoid padding bits
· [18] potential UE power saving for UL
· [7] higher resource efficiency for DL SPS as NW may reuse the unused DL SPS resource for other purposes
· Cons:
· [18] blind decoding for receiver, collision between different SPS should be studied.
· Option 4: Multiple SPS configurations are provided but only one of them can be activated and used for transmission [2],[14],[18],[5?]
· Cons:
· [15] frequent switching of SPS
· [6],[15] large RTT delay for SPS switching, thus fail to meet the strict delay requirement of voice
· [18] high NPDCCH overhead for SPS switching if DCI is used for activation
· [18] the UE may be able to only receive the SPS NPDSCH and transmit the SPS NPUSCH without any additional time to perform any other operation, e.g., for NPDCCH monitoring if DCI is used for activation
· Option 5: dynamic scheduling for UL and DL [6]
· Option 6: Multi-NPUSCH in a UL SPS period [6]

[bookmark: _Hlk221211388][FL1][M]Proposal 3.3-1
FL understands that the Proposal 3.3-1 depends on the outcome of 3.1-1. 
[FL1] [M] Proposal 3.3-1: For UL SPS or DL SPS, consider the following options.
· Option 1: Single SPS configuration associated with a single set of transmission parameters is supported
· Option 2: Single SPS configuration associated with multiple sets of candidate transmission parameters is supported, transmitter selects one of them for transmission
· Option 3: Multiple simultanously active SPS configurations are supported, transmitter selects one of them for transmission
· Option 4: Multiple SPS configurations are supported, but only one of them can be activated
Please indicate if you are ok with the proposal, which is one is your preferred option and the use cases (e.g., adaptation to frequent silence–talk transitions, or adaptation to longer-term changes such as congestion level variations, etc.) and the rationale.
	Company
	Y/N and option
	Comments (use case, detailed transmission parameters for adaptation and the rationale)

	
	
	

	
	
	

	
	
	



1.4 Separate vs. aggregated SPS configuration for UL and DL
Given the bi-directional nature of voice services, UL SPS and DL SPS are expected to be simultaneously activated and released. There is no use case where DL SPS is activated while UL SPS is released, or vice versa. Companies have the following proposals:
· Option1. Separate SPS configurations for different transmission direction [1], [3],[4], [7],[13], [19]
· [3] two separate SPS configuration should be introduced in R20 NB-IoT-NTN to support the DL and UL data transmission for voice traffic
FL note: FL understands that companies supporting separate UL/DL SPS activation/release DCI formats support separate Option 1 by default
· Option2. Aggregated/coordinated SPS configuration for UL and DL [2],[3],[8],[12],[15]
· [3] Since the DL and UL for voice traffic may occur together, a single SPS configuration aggregating the DL and UL SPS configs can be considered in R20 NB-IoT-NTN to support the DL and UL data transmission for voice traffic
· [12] For bi-directional voice call, both DL SPS and UL SPS should be active and thus can be associated with each other. E.g., Additional HARQ process IDs for DL and UL SPS can be configured separately or jointly
Regarding Option2, FL observes that there are two levels of the implementation:
· RRC Level: RRC provides a one or more lookup tables of UL/DL SPS parameters including periodicities, TBS, MCS, resource assignment.
· DCI Level: A single DCI indicates one entry in the lookup table
[FL1][M]Proposal 3.4-1
[FL1] [M] Proposal 3.4-1: UL SPS configuration and DL SPS configuration are separately provided.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	


[Open]Feedback for SPS
1.5 HARQ feedback for SPS retransmission
It is widely acknowledged by companies [3],[4],[6],[7],[9],[12],[16] that HARQ retransmissions based on ACK/NACK feedback are not feasible for voice over GSO-NTN due to the excessive RTT (> 500ms). Furthermore, legacy NB-IoT requires a minimum of 13 slots between the end of an NPDSCH and the start of the corresponding HARQ-ACK feedback, reserving gaps for HARQ feedback significantly reduces the available subframes for actual data transmission [14], [17]. [17] also indicated the in previous discussion for LS R1-2505140, HARQ disable is assumed.
FL Note: HARQ-ACK feedback for SPS activation/release and reporting for link adaption are discussed in 4.2 and 4.3 respectively.
· For DL SPS
· [3],[4],[6],[7],[9],[10],[12],[16], [17] Disable HARQ feedback for retransmission for DL SPS for GSO voice
FL view: When HARQ feedback for NPDSCH is disabled as specified in legacy specifications (e.g., via NPDSCH-ConfigCommon-NB), FL understands that the same restriction applies to SPS NPDSCH.
· For UL SPS
· [6] proposed to introduce a mechanism similar to HARQ Mode B in NR-NTN for UL SPS for voice over IoT-NTN. 
FL view: mode B is already supported for NB IoT (i.e., configured via UplinkHARQ-Mode-NB) 
[M]Proposal 4.1-1
[M] Proposal 4.1-1: Disabling HARQ feedback for SPS NPDSCH transmission without a corresponding NPDCCH is supported by the legacy RRC parameter (i.e., downlinkHARQ-FeedbackDisabledBitmap).
· Note: whether/how to support HARQ feedback for initial NPDSCH after DL SPS activation will be discussed separately
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



1.6 Confirmation for SPS Activation/Release
Confirmation for DL SPS Activation/Release
Several companies discussed the activation confirmation for initial NPDSCH transmission after activation [1],[3],[7]. [1] proposed to reuse the activation confirmation for DL SPS that has been used for eMTC. Specifically, for eMTC CE Mode A UE in NTN, if harq-FeedbackEnablingforSPSactive is configured by higher layer parameter RadioResourceConfigDedicated, UE reports ACK/NACK for the first SPS PDSCH after activation, regardless whether HARQ feedback is enabled or disabled. 
[6],[10] further proposed to consider activation confirmation for DL SPS release.
· HARQ-ACK for initial NPDSCH transmission after activation
· [1],[3],[7]
· [10] HARQ feedback for first SPS NPDSCH after the activation and SPS release is enabled or disabled according to RRC configuration
· HARQ-ACK for DL SPS release
· [6] this feedback is targeted for the deactivation DCI
· [10] HARQ feedback for first SPS NPDSCH after the activation and SPS release is enabled or disabled according to RRC configuration
[M]Proposal 4.2-1
[M] Proposal 4.2-1: HARQ feedback for the initial NPDSCH transmission after activation of a DL SPS can be separately enabled, regardless of HARQ feedback enabled/disabled configuration for the process corresponding to the DL SPS.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



[M]Proposal 4.2-2
[M] Proposal 4.2-2: HARQ feedback for the release command of a DL SPS can be separately enabled, regardless of HARQ feedback enabled/disabled configuration for the process corresponding to the DL SPS.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



1.7 Feedback or reporting for AMC/Link adaption
[1], [4], [5], [16] discussed that when disabling per-occasion HARQ feedback is essential for overhead reduction in GSO case, network side may lack information for AMC/link adaption, and thus lead to inefficient resource utilization or service instability. [1], [4], [5], [16] propose to study what should be reported to network for AMC/link adaption purpose:
· [1] a low-overhead status report mechanism (e.g., periodic BLER or SNR reporting)
· [4] UE transmits HARQ feedback per N SPS occasions when HARQ feedback corresponding to SPS is disabled
· [5] reporting assisting information over a period of time, e.g. downlink success rate of BLER over a period, or the number of successful or failed transmissions
· [16] the quality status of the DL SPS should also be reported to the network by long-term feedback
[bookmark: _Hlk221049574][L]Proposal 4.3-1
FL notes that this issue has already been discussed in previous release but were not agreed. In addition, the lack of HARQ-ACK for AMC when HARQ feedback is disabled is not a voice-SPS specific issue.
[L] Proposal 4.3-1: Consider the following options for long term feedback for AMC for DL SPS, regardless of HARQ feedback enabled/disabled configuration for the process corresponding to the DL SPS.
· Option1. periodic BLER or SNR reporting
· Option2. HARQ feedback per N SPS occasions when HARQ feedback corresponding to SPS is disabled
· Option3. downlink success rate of BLER over a period
· Option4. the number of successful or failed transmissions
· Option5. no optionization
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



[Open]Interaction with other resources or procedure
1.8 Collision with other L1 transmission
For channel collisions in legacy HD-FDD NB-IoT devices, collision handling rules are already defined, such as postponement or prioritization, depending on the specific collision scenario. Some companies proposed that how these collision cases should be handled when SPS is used should be discussed.
Companies [1],[3],[5],[14],[15],[17] discussed in their contributions on the collision between SPS and other resources or procedures, including
· colliding with DL Gaps [1], [3],[5]
· colliding with UL Gaps [1], [3],[5], [17]
· colliding with NPSS/NSSS/NPBCH/SIB1-NB [1], [3],[15], [17]
· colliding with fully reserved DL subframe [1], [3]
· colliding with NPRACH [1],[3], [17]
· colliding with fully reserved UL subframe [1],[3]
· UL SPS colliding with paging occasion [15]
For the above collision cases, there are following observations/proposals: 
· Reuse legacy behavior [3], [17]: one way is that SPS NPDSCH/NPUSCH are handled in the same way as legacy, e.g., postponement after collision. 
· Enhanccment [1], [14]: while postponement for IMS voice over NTN requires caution, as the postponed transmission may exceed the SPS period and overlap with the NPDSCH/NPUSCH in the next period. Due to the strict voice bundling periods and latency requirements, postponement may cause the SPS transmission to exceed the SPS period.
[image: ]
[bookmark: _Ref219824279]Figure 5: SPS transmission delay exceeding the voice bunding period [1]
· explicit HD-FDD collision handling[15]: network indication or configuration that enables uplink prioritization for SPS-based voice, or prevent unbounded consecutive postponement of uplink SPS, or define a clear default prioritization rule where downlink reception is prioritized in the absence of explicit network indication
· termination[6]: DL/UL SPS is terminated when reaching the ends of the period, or reaching the end of the time domain resources in a given period configured or indicated by the eNB
[M]Proposal 5.1-1
If postponement causes an SPS transmission to exceed the voice traffic latency requirement, this would primarily be a network configuration issue and should be avoided by the network. If the latency requirement is still met, but the postponed SPS transmission within a SPS period conflict with the SPS transmission in the next period (e.g., DL overlapping with DL, UL overlapping with UL, or DL/UL cross-direction overlap), this would also indicate improper network configuration. Therefore, FL has the following proposals:
[M] Proposal 5.1-1: For SPS NPDSCH transmission, the legacy behavior (i.e., postponement) is reused when it is collided with the following:
· NPSS/NSSS/NPBCH/SIB1-NB
· DL Gap
· Fully reserved DL subframe
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	


· 
[M]Proposal 5.1-2
[M] Proposal 5.1-2: For SPS NPUSCH transmission, the legacy behavior (i.e., postponement) is reused when it is collided with the following:
· NPRACH
· UL Gap
· Fully reserved UL subframe
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



For SPS colliding with SPS, SPS colliding with dynamic grant [3],[6],[10],[15],[16], the following cases are discussed
· Case 1: Collision between DL SPS and UL SPS, including the HD-FDD switching time [6]
· [6] adopting the same priority definition rules as those for DG NPUSCH and DG NPDSCH, NPUSCH transmission can be prioritized
FL view: this does not seem to be a proper scheduling
· Case 2: Collision between DL SPS and DG NPUSCH, including the HD-FDD switching time [6]
· [6] DG is prioritized.
· Case 3: Collision between DG NPDSCH and UL SPS, including the HD-FDD switching time [3], [6]
· [3], [6] legacy rule can be reused, DG is prioritized
· Case 4: Collision between DG NPUSCH and UL SPS [6],[15]
· [6] DG is prioritized
· Case 5: Collision between DG NPDSCH and DL SPS [6]
· [6] DG is prioritized
· Case 6: Collison between DCI with CRC scrambled C-RNTI and DL/UL SPS, including the HD-FDD switching time between DCI and UL SPS [6],[15]
· [6] resolved through eNB configuration, or prioritize NPDCCH monitoring
· [10] up to implementation to determine whether UL SPS transmission or NPDCCH candidate monitoring is prioritized
[M]Proposal 5.1-3
FL understands that mechanisms similar to those in LTE or legacy NB-IoT can be used to handle collisions between SPS and DG. Therefore, the following is proposed.
[M] Proposal 5.1-3: If a SPS transmission without a corresponding NPDCCH collides partially or fully with a NPDSCH or NPUSCH with a corresponding NPDCCH, the SPS transmission is dropped.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



[M]Proposal 5.1-4
[M] Proposal 5.1-4: It is not expected that a SPS NPUSCH transmission of a UE is overlapped with a SPS NPDSCH transmission of the same UE.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



[M]Proposal 5.1-5
[M] Proposal 5.1-5: For the case where a NPDCCH candidate is overlapped with SPS NPUSCH/NPDSCH transmission, support one of the following options
· Option1. avoided by eNB configuration
· Option2. prioritize NPDCCH candidate monitoring
· Option3. prioritize SPS transmission
· Option4. up to UE implementation
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



1.9 Collision with SIB31 and GNSS measurement gap
Companies observed that during SIB31 acquisition and GNSS measurement procedure, UE may not be able to perform unicast transmission. As SIB31 acquisition and GNSS measurement procedures may lead to long interruptions (e.g., up to 31s for GNSS fix), the call may be lost if SIB31 acquisition or GNSS measurement is collided with the periodic SPS transmission occasion.
· Collision with SIB31 acquisition [3]
FL view: this seems to be RAN2 issue.
· Collision with GNSS measurement gaps [3],[10],[16]
· [10] UE drop DL and UL SPS
[M]Proposal 5.2-1
[M] Proposal 5.2-1: If a UL or DL SPS transmission is overlapped with GNSS measurement gap, consider the following options:
· Option1. UE drops the UL or DL SPS transmission
· Option2. Up to implementation
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



[17] also points out that non-anchor carrier has a cleaner environment (i.e., no NPSS/NSSS/NPBCH/SIB1-NB) where SPS for voice transmission/reception have “full” availability of resources.
[L]Proposal 5.2-2
Thus, FL has the following proposals:
[L] Proposal 5.2-2: UL SPS and DL SPS for R20 NB IoT NTN are supported on both anchor and non-anchor carriers. 
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



SPS details
1.10 [Open]Details of DCI based Activation/Release and Validation
[Open]Separate vs. aggregated SPS activation/Release signaling for UL and DL
For DCI-based activation/release, two options are discussed
· Option1. Separate DCIs for activation/release of UL SPS and DL SPS configurations [1], [3], [4], [7], [9], which has the following pros and cons
· Pros
· [9] maximum flexibility
· Cons
· [9] increase control overhead
· Option2. Single DCI for activation/release of both UL SPS and DL SPS configurations [3], [9], [12] which has the following pros and cons
· Pros
· [9] efficient for symmetric voice traffic
· [3] simplify the SPS activation/release procedure by using SPS-NPUSCH transmission as the acknowledgement of the DL SPS activation/release
· [3] half of the NPDCCH transmission can be saved
· [12] adapt to the bi-directional voice call as both DL SPS and UL SPS should be active
· Cons
· [9] requires defined timing relationships between DL and UL
· [image: ]
· Fig 4. Illustration of DCI based SPS activation and release [3]
For Option1(Separate DCIs for activation/release of UL SPS and DL SPS configurations), the following DCI formats are considered by companies
· DCI format N1 is used for activation/release of DL SPS, DCI format N0 is used for activation/release of UL SPS [1], [4], [7],[13], [19]

[M]Question 6.1-1
The details of Option1/2 may depend on the discussion on MAC CE vs DCI in Section 3.3, thus no proposal is made in Round1. But companies are invited to provide your preferences on the following options and rationales.
· Option1. Separate activation or release commands for activation or release of UL SPS and DL SPS configurations
· Option2. Single activation or release command for joint activation or release of one UL SPS and one DL SPS configuration
	Company
	Option
	Comments

	
	
	

	
	
	

	
	
	



[Open]DCI Validation and fields
In LTE and NR SPS, specific DCI fields are set to fixed values for validation purposes to minimize the false alarm probability of SPS activation/deactivation DCI. Following a similar principle, if DCI-based activation/release is supported for NB-IoT SPS, the corresponding validation fields must be discussed [1], [4],[7],[9],[10],[14].
For validation of UL SPS for BSR, the following fields are used.
	36.213
A UE shall validate a Semi-Persistent Scheduling assignment NPDCCH only if all the following conditions are met: 
-	the CRC parity bits obtained for the NPDCCH payload are scrambled with the Semi-Persistent Scheduling C-RNTI
-	the new data indicator field is set to '0'. 
Validation is achieved if all the fields for the used DCI format N0 are set according to Table 16.6.3-1 or Table 16.6.3-2.
==omitted==
Table 16.6.3-1: Special fields for Semi-Persistent Scheduling Activation NPDCCH Validation
	
	DCI format N0

	HARQ process number (present if UE is configured with 2 uplink HARQ processes)
	set to '0'

	Redundancy version
	set to '0'

	Modulation and coding scheme
	set to '0000'

	Resource assignment
	set to '000'



Table 16.6.3-2: Special fields for Semi-Persistent Scheduling Release NPDCCH Validation
	
	DCI format N0

	HARQ process number (present if UE is configured with 2 uplink HARQ processes)
	set to '0'

	Redundancy version
	set to '0'

	Repetition number
	set to '000'

	Modulation and coding scheme
	set to '1111'

	Subcarrier indication
	Set to all '1's





According to companies’ contributions, the following fields are considered for validation for SPS for voice packets:
· HPN: HARQ process number (present if UE is configured with 2 HARQ processes)
· RV: Redundancy version
· NDI: New data indicator
· MCS: Modulation and coding scheme
· SIF: Subcarrier indication field
· RA: Resource assignment
· RN: Repetition number
· NPDCCH order indicator 
For activation of UL SPS
	source
	HPN
	RV
	NDI
	MCS
	SIF
	RA
	RN
	Details

	[1]
	√
set to '0'
	√
set to '0'
	
	
	
	
	
	

	[4]
	√
set to '0'
	√
set to '0'
	
	
	
	
	
	[4]:RV is used except when higher layer parameter npusch-OCC-Enabled is configured and Repetition number field has a value > 0 and 

	[7]
	√
set to '0'
	√
set to '0'
	√
set to '0'
	
	
	
	
	

	[10]
	
	
	
	√
all '0'
	
	√
all '0'
	√
all '0'
	


For release of UL SPS
	source
	HPN
	RV
	NDI
	MCS
	SIF
	RA
	RN
	Details

	[1]
	√
set to '0'
	√
set to '0'
	
	√
all '1'
	√
all '1'
	
	√
all '0'
	

	[4]
	√
set to '0'
	√
set to '0'
	
	√
all '1'
	√
all '1'
	
	√
all '0'
	[4]:If OCC is enabled for , the joint indication field (modulation and coding scheme and subcarrier indication for OCC) is set to all ‘1’

	[7]
	√
set to '0'
	√
set to '0'
	√
set to '0'
	√
all '1'
	√
all '1'
	
	√
all '0'
	

	[10]
	
	
	
	√
all '1'
	
	√
all '1'
	√
all '0'
	


For activation of DL SPS
	source
	HPN
	RV
	NDI
	MCS
	SIF
	RA
	RN
	PDCCH order
	Details

	[1]
	√
set to '0'
	N.A
	
	
	
	
	
	
	[1]:If HARQ disabling is supported as a default feature, the new data indicator field can also be the special field for SPS activation and SPS release NPDCCH validation

	[4]
	√
set to '0'
	N.A
	
	
	
	
	
	
	

	[7]
	√
set to '0'
	√
set to '0'
	√
set to '0'
	
	
	
	
	
	FL view: FL notes that there is no RV field in DCI format N1

	[10]
	
	
	
	√
all '0'
	
	√
all '0'
	√
all '0'
	√
set to '0'
	


For release of DL SPS
	source
	HPN
	RV
	NDI
	MCS
	SIF
	RA
	RN
	PDCCH order
	Details

	[1]
	√
set to '0'
	N.A
	
	√
all '1'
	√
all '1'
	
	√
all '0'
	
	[1]:If HARQ disabling is supported as a default feature, the new data indicator field can also be the special field for SPS activation and SPS release NPDCCH validation
FL view: FL notes that there is no SIF in DCI format N1, except when the DCI is used for PDCCH order, in which case it includes Subcarrier indication of NPRACH

	[4]
	√
set to '0'
	N.A
	
	√
all '1'
	
	√
all '1'
	√
all '1'
	
	[4]: It is not likely to configure a SPS transmission with repetition number, resource assignment, and MCS all set as all ‘1’s, where the TBS is unnecessarily large and transmission duration violates the delay limit of voice service

	[7]
	√
set to '0'
	√
set to '0'
	√
set to '0'
	√
all '1'
	
	
	√
all '0'
	
	FL view: FL notes that there is no RV field in DCI format N1

	[10]
	
	
	
	√
all '1'
	
	√
all '1'
	√
all '0'
	√
set to '0'
	



[M]Proposal 6.2-1
FL view: Fields for activation/release validation depends on the discussion on MAC CE vs DCI in Section 3, thus, no proposal is made in Round1. But to facilitate the discussion, proponents of DCI based activation/release are invited to provide your preferences and rationales.
[bookmark: _Hlk221101501][M] Proposal 6.2-1. If DCI format is supported for UL SPS activation/release, consider one or more of the following fields for activation/release validation.
· HARQ process number (present if UE is configured with 2 HARQ processes)
· Redundancy version
· New data indicator
· Modulation and coding scheme
· Resource assignment
· Repetition number

	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	


[M]Proposal 6.2-2
[M] Proposal 6.2-2. If DCI format is supported for DL SPS activation/release, consider one or more of the following fields for activation/release validation.
· HARQ process number (present if UE is configured with 2 HARQ processes)
· New data indicator
· Modulation and coding scheme
· Resource assignment
· Repetition number
· NPDCCH order indicator 
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



1.11 [Open]Transmission parameters of SPS
In legacy NB IoT UL SPS is supported for BSR only [2],[3],[4],[5],[6],[12],[14],[16],[17] but DL SPS is not supported [2],[4],[5],[12],[16],[19]. Furthermore, companies have the following proposals:
· For UL SPS
· [1],[2],[6],[14] proposed that NB-IoT UL SPS for BSR can be a starting point for UL SPS
· While [3],[5] indicated that the legacy SPS is for BSR, and thus cannot be directly reused for voice, and [17] proposed that it is up to RAN2 to define the DL and UL SPS equations for the support of “voice-over-GEO” for NB-IoT NTN
FL view: agree with [17] whether to reuse/how to modify the SPS formula for BSR is RAN2 discussion.
· For DL SPS
· [1],[2],[4],[12],[13],[16],[19] DL SPS should be supported

· [1] proposed that NB-IoT UL SPS for BSR can be a starting point for DL SPS
From RAN1 perspective, at least the following transmission parameters should be provided for a SPS for voice packet:
· TBS/MCS and resource assignment
· SPS periodicity and offset
· Repetition times
· SPS related RNTI

TBS/MCS and resource assignment
TBS/MCS and resource assignment
Regarding the value of TBS/MCS and resource assignment for SPS
· [7] observed that for codec rate<=3.0kbps, the required TBSs for DL/UL SPS typically fall in the range of the highlighted part (i.e., within the range of [72, 1032] in the above tables). In other words, the existing tables in the specifications already support the typical codec rate for GSO voice.
· [17] TBS entries corresponding to  0-13 in Table 16.5.1.2-2 in TS 36.213 are supported for UL SPS for GSO voice, and the TBS entries corresponding to  0-13 in Table 16.4.1.5.1-1 in TS 36.213 and the legacy deployment-modes (“in-band,” “stand-alone” and “guard-band”) are supportedfor DL SPS for GSO voice
· [7], [17], [14] for GEO, 16QAM would not be used in typical scenario
Regarding how to provide TBS/MCS and resource assignment of SPS, 
· By RRC
· [9] discussed that periodicity and MCS can be provided by RRC to reduce control signaling overhead
· [10] discussed that RRC signaling configures transmission interval, modulation and coding scheme, resource assignment and repetition number for UL and DL SPS transmission
· By DCI
· [1],[4], [7] discussed that MCS and resource assignment fields should be used for UL/DL SPS

[M]Proposal 6.2-1
FL view: How to provide TBS/MCS and resource assignment for SPS may depend on the outcome of section 3. 
[M] Proposal 6.2-1: TBS entries corresponding to  0-13 in Table 16.5.1.2-2 in TS 36.213 are supported for UL SPS for R20 NB IoT NTN, and the TBS entries corresponding to  0-13 in Table 16.4.1.5.1-1 in TS 36.213 and the legacy deployment-modes (“in-band,” “stand-alone” and “guard-band”) are supported for DL SPS for R20 NB IoT NTN.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



Periodicity and offset 
[bookmark: _Hlk221090588]Periodicity and offset 
It is observed [1] that the periodicity of legacy UL SPS BSR only is not feasible for SPS for voice. 80 ms, 160 ms, and 320 ms bundling time are widely used in SA4 discussion and simulation, and thus can be considered as baseline for SPS periodicity [13]. 
	SR-SPS-BSR-Config-NB-r15 ::= CHOICE {
	release								NULL,
	setup								SEQUENCE {
		semiPersistSchedC-RNTI-r15			C-RNTI,
		semiPersistSchedIntervalUL-r15		ENUMERATED {sf128, sf256, sf512, sf1024,
														sf1280, sf2048, sf2560, sf5120}
	}
}


Regarding the value of SPS periodicity, 
· [bookmark: _Hlk220942900][1], [7], [13] propose to consider SPS bundling periods 80 ms, 160 ms, and 320 ms for SPS configuration as baseline, [3] proposed to adopt the SA4’s model in S4-252133 as baseline for RAN1 study.
· [5] prefer values that is divisible by 10240ms, but the value of SPS periodicity should be mainly up to the decision of other working groups, e.g., RAN2 or SA4.
Regarding how to provide periodicity of SPS and offset, 
· By RRC
· [7], [9],[10],[13] discussed that periodicity of SPS can be provided by RRC
· [18] proposed that offset and periodicity for UL/DL SPS are RRC configured
Regarding the alignment of SPS periodicity for DL and UL
· DL SPS periodicity and UL SPS periodicity may be different or same
· [3] both should UL and DL ideally match the voice frame bundling periods, they do not strictly have to be identical. Since DL and UL link qualities and delay requirements may differ in GSO scenarios.
· Meanwhile, [12] indicated that the periodicity for the UL SPS and DL SPS should be the same
FL view: as the periodicity is configured by RRC, whether same or different periodicities should be guaranteed can be up to NW.

[M]Proposal 6.2-2
[M] Proposal 6.2-2: The candidate values for SPS periodicity for SPS for R20 NB IoT NTN include: 80ms, 160ms, 320ms.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



Repetition times
Repetition times
Companies [8][19] indicated that the repetition times may impact the performance of SPS for voice packets.
The following proposals are proposed
· [8] Compliance with DL and UL coverage requirements in SPS scheduling design
· [19] Increase the maximum number of repetitions for SPS to 8 or 10
· [19] considering the nature of low power and low antenna gain of IoT devices, the maximum number of repetitions of SPS should be increased
FL View: For NPDSCH/NPUSCH transmissions, NB-IoT supports a predefined set of repetition numbers. FL assumes that SPS can reuse these legacy repetition numbers that are no smaller than 8 (e.g., 8, 16…etc) by default, subject to the restriction that the total NPDSCH/NPUSCH transmission duration (including repetitions and gaps) must fit within the corresponding SPS period.
· [10] discussed that RRC signaling configures transmission interval, modulation and coding scheme, resource assignment and repetition number for UL and DL SPS transmission. 

[L]Proposal 6.2-3
[L] Proposal 6.2-3: Repetition number of NPUSCH or NPDSCH of a SPS for R20 NB IoT NTN is provided by RRC.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



HARQ process
[bookmark: _Hlk221090638]HARQ process
· [12] Additional HARQ processes can be introduced for DL SPS and UL SPS. 
· [16] 1 HARQ process should be reserved for both UL and DL individually to support UL and DL SPS
· [6] DL/UL SPS is terminated when receiving a DG scheduling for the same HARQ process
FL view: the number of HARQ process for SPS may depend on the outcome of section 3, thus no proposal is made in Round1. 

RNTI
RNTI
· [3] proposed that SPS C-RNTI can be shared by DL SPS and UL SPS
· [4][10][19] reuse Semi-Persistent Scheduling C-RNTI
[L]Proposal 6.2-5
[L] Proposal 6.2-5: Semi-Persistent Scheduling C-RNTI is used for DL/UL SPS.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	



Others 
Multiplexing
· [14] proposed to discuss whether or not to support the OCC feature together with SPS NPUSCH
· [4] proposed validation of activation/release DCI that may be related to whether OCC is used
· [17?] discussed that capacity is sufficent, no need to consider other multiplexing techniques.
FL view: The introduction of OCC feature may impact the potential fields that can be repurposed for DCI based activation/release. Thus, whether OCC feature can be supported for SPS NPUSCH can be discussed after the down-selection between DCI-based and MAC-CE-based activation/release mechanisms.

UE power
Several companies provide analysis and evaluation for UE with different PC class
· [1] observed that
· Case 1 (23dBm, -5.5 dBi antenna gain): conversational voice call is not supported as the UL SPS significantly exceeds the 160ms bundling period.
· Case 2 (31dBm, 0dBi antenna gain): Conversational voice call is feasible with a combined DL+UL occupancy of 40ms-120ms.
· By contrast, [7] observed that conversational voice call is feasible for bundling time of 80/160/320ms for UE with 23/26/31 dBm transmission power with 0dBi antenna gain.
· [17] noted that another way of improving performance is through supporting UE power class 2 (26 dBm) and power class 1 (31 dBm), but more discussion is needed around it (e.g., suitability for handheld devices) since it touches upon RAN4
FL understand that UE transmit power and power class considerations for SPS for voice packets is RAN4 discussion. 

1.12 Timing gap between SPS NPDSCH and SPS NPUSCH
	Permanent Document FS_ULBC
For dynamic scheduling, an example frame structure for Half-duplex FDD for the 80ms bundling period is shown in Figure 5.2.2.3-1. The duration of NPDSCH is 4ms and can take a different value depending on the DL SNR.
[image: ]
Figure 5.2.2.3-1 An example frame structure for 80ms bundling period and dynamic scheduling
NOTE:	 For UL, other possible frequency allocations are 1, 3, 6 and 12 tones with15 kHz per tone, and the choice depends on the UL channel capacity and the DL channel capacity.
If semi-persistent scheduling (SPS) is specified by RAN for NB-IoT NTN, an example frame structure is shown in Figure 5.2.2.3-2. The NPDSCH now can be anywhere in the first 15ms (considering that a minimum gap of 1 ms to the NPUSCH needs to be maintained).
  
[image: ]
Figure 5.2.2.3-2 An example frame structure for 80ms bundling period and SPS
Figure 5.2.2.3-3 shows a scheme based on “Cell_specific_Koffset” approach, which does not depend on the “TA report UE capability”. 
[image: ]
[bookmark: _Hlk209716984]Figure 5.2.2.3-3 SPS scheme based on “Cell_specific_Koffset” approach, which does not depend on the “TA report UE capability”.
Notes: The gap between DL and UL can consist of:
1) A “Processing time + DL-to-UL switching”: It can be discussed whether the time for decoding the DL transport block needs to be considered or not, but at least the time that a “half-duplex device” requires for switching from DL-to-UL shall be considered which is 1 ms.
2) The “Max differential delay” shall be considered for the network to handle the different delays of different UEs in the NTN cell. The value of “Max differential delay” will vary and will typically range between [close to 0 and 10.3 ms].
Editor’s note: The range of the “Max differential delay” is TBC.
Note: RAN1 reply LS stated: 
· “Although the example Figure 5.2.2.3-1 is supportable by RAN1 specifications in most scenarios, it may not be supportable in the case where the cell is very large (e.g. >3000km), when the UE does not support TA report and the network does not support UE-specific K-offset. The example Figure 5.2.2.3-1 itself also requires the UE to be configured with two HARQ processes and with HARQ feedback disabled.”
· RAN1/2 have not yet started the work on designing SPS. Therefore, RAN1 currently cannot confirm whether the example frame structure for SPS (related to Figure 5.2.2.3-2 and associated text) will be supported.


Based on contributions [7],[17], different schemes (Figure 5.2.2.3-1, Figure 5.2.2.3-2 and Figure 5.2.2.3-3 in S4-252133) are discussed. In previous RAN1 discussion on the Frame structure in R1-2505140, it was discussed that how the gap between DL (i.e., NPDSCH) and UL (NPUSCH) in the Figure 5.2.2.3-1 can be as small as 1 ms. 
· [17] understand that this 1-ms gap may rely on the Timing Advance report (an optional UE capability), which allows the network-controlled scheduling offset (i.e., Koffset) to be based on a “UE_specific_Koffset”. And [17] indicated that SPS for supporting the transmission of voice packets should account for the case where the “TA report” is not available, in which case the network-controlled scheduling offset is based on a “Cell_specific_Koffset”. 
· While, [14] pointed out that in addition to TA reporting, NW can determine the reference location of each cell regardless of the satellite position. Next, the NW can configure the UE-specific K_offset based on the reference location and the satellite position regardless of the TA report. In GEO with 250km of diameter, if the reference location is set to the center of the cell, the residual TO would be less than 1msec.
· [7] has investigate the one-way different delay for different beam size, and has evaluated the LLS performance for different UL/DL SPS resource allocation. It is observed that SPS is feasible for UEs with and without TA reporting in typical cases.
[L]Conclusion 6.3-1
[L] (Proposed) conclusion 6.3-1: The support of SPS for IoT NTN is not conditioned on the support of ntn-TA-Report-r17 or ntn-OffsetTimingEnh-r17.
Any comments to above conclusion:
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	


1.13 UL skipping
In existing NB-IoT SPS, the UE can skip the NPUSCH transmission if it does not have a BSR to transmit. For GSO voice, [7],[12],[18] discussed that there could also be the case where there is no data for transmission (e.g., RTP packet dropping, DTX) during a call. In this case, the device should be allowed skip the UL SPS transmission accordingly. Skipping the UL transmission is beneficial for UE power savings [7],[18] and SAR budget [18].
[L]Proposal 6.4-1
[L] Proposal 6.2-1: If there is no data, the UL SPS-NPUSCH transmission is skipped.
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	




1.14 Others
Confirmation for UL SPS Activation/Release
•	[6] discussed confirmation for the Activation/release for UL SPS without explicit proposal
Timeline for NPDCCH monitoring
[3] For NPDCCH monitoring in USS between NPDCCH with DCI Format N1 or N2 ending in subframe n and NPDSCH transmission starts from n+k, there are two cases:
· Case1, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+k-1, in case of the following conditions
· Single TB, Single process
· Two process or two TB: 
· The monitored DCI ending in subframe n is DCI format N1 scrambled by C-RNTI, and two TBs are scheduled by the DCI format N1
· otherwise, Case2, the UE is not required to monitor an NPDCCH candidate in any subframe starting from subframe n+k-2 to subframe n+k-1
[image: ]
Fig 8. NPDCCH monitoring restriction in subframe from scheduling NPDCCH to NPDSCH transmission[3]
· [3] proposed to study UE behavior on NPDCCH monitoring for each SPS DL assignment
Type-B half-duplex FDD operation
· [8] indicated that The Type-B half-duplex FDD constraint of NB-IoT treats the voice call user experience. 
DMRS bundling
· [17] observed that“DMRS bundling” has been used by some companies in SA4 to improve performance, however,  “DMRS bundling” is up to implementation (i.e., no spec impact), and therefore the performance of “voice-over-GEO” should not rely on any optimization that is implementation dependent.
IMS request report 
· [11] observed that the establishment of IMS voice includes excessive signaling cycles and will take up substantial time for waiting, and increase failure probability based on the current specification. To improve both efficiency and latency, [11] proposed to consider IMS request report during initial access.
Question
There are several issues raised by single company. Consequently, they are not prioritized for Round-1 discussion during this meeting. 
Question 6.5-1: Are there any other critical issues that should be covered in RAN1#124 bit but are not addressed in this FLS?
	Company
	Y/N
	Comments

	
	
	

	
	
	

	
	
	




Proposals for Online discussion  
1.15 Monday online
1.16 Tuesday online 
1.17 Thursday online 

[bookmark: _Hlk41391803] Achieved agreement  
TBD
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