3GPP TSG RAN WG1 #117                                  			               R1-2404262
Fukuoka, Japan, May 20th – 24th, 2024

Agenda Item:	9.11.2	
Source:	InterDigital, Inc.
Title:		          Discussion on half-duplex RedCap issues for NTN FR1 operation
Document for:	Discussion
[bookmark: _Ref513464071]Introduction
In RAN #102 meeting, the WI for R19 NR NTN for Phase 3 [1] is approved, and revised in RAN # 103 meeting as [2].
To support, RedCap devices for NTN operation, this WID has an objective to support RedCap devices with NR NTN. The justification for this objective is in the following: 
	5) [bookmark: _Hlk158290424]Address RedCap UE within FR1 NTN

The support of RedCap devices (e.g. handheld and IoT) operating in FR1 band NR-NTN networks can offer enhanced service capabilities (wideband/broadband) compared to IoT-NTN while ensuring low-complexity devices. Global coverage would clearly benefit RedCap devices. RF and RRM requirements were defined for RedCap devices only for terrestrial networks in releases 17 and 18.



This justification is linked to the following objective:
	5. Support of Rel-17 RedCap and Rel-18 eRedCap UEs with NR NTN operating in FR1-NTN bands [RAN4, RAN1]
· For full-duplex FDD RedCap and eRedCap UEs, define the RF and RRM requirements [RAN4]
· For HD-FDD RedCap UEs and eRedCap UEs, check whether any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
· Depending on feasibility assessment above, define the RF and RRM requirements [RAN4]
· Notes for this objective:
· GNSS (Global Navigation Satellite Systems) capabilities and simultaneous GNSS and NR-NTN operation is supported in RedCap/eRedCap UE.


 
Following agreements were made in RAN1 #116 [3] meeting:

	Agreement
Study at least the following scenarios for (e)RedCap HD-FDD UEs for NTN:
· Whether existing handling rules for the following cases should be reused or updated when taking into account TA mismatch between actual TA used by UE and assumed TA at the gNB based on available TA report: 
· Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission
· Case 2: Semi-statically configured DL reception collides with dynamically scheduled UL transmission
· Case 3: Semi-statically configured DL reception collides with semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Case 5: Configured SSB collides with dynamically scheduled or configured UL transmission
· Case 6: Dynamic or semi-static DL collides with valid RO
· Case 7: Collision due to direction switching
· At least the following potential issues can be further considered for (e)RedCap HD-FDD UEs
· Error cases in case 3 and case 4
· SIB19 reception collides with UL transmission 
· Slot counting for UL repetition transmission colliding with SSB reception
· Invalid symbol determination for PUSCH repetition type B
· Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling 
· CPU occupation due to omitted DL reception or UL transmission
Note: Both GSO and Non-GSO should be considered.



Following observations were captured in RAN1 #116Bis [4] meeting:
	Observation
To avoid the occurrence of error cases 3 and 4 through network scheduling, there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB. 

Observation
For collision cases 1, 2, 5 and 6, when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there might be less resources available for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB attempts to avoid the collision or there is a loss of DL/UL transmissions due to collision. 

Observation
When there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB, there may be a BLER performance degradation for the reception of UL transmissions at the gNB for the scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN if gNB does not attempt to avoid the collision at least in the following cases: 
· UL transmission with repetitions due to different available slot counting at UE and gNB when colliding with SSB reception
· PUSCH repetition type B due to different invalid symbol determination at gNB and UE when colliding with DL transmissions 
· UL transmission with DMRS bundling due to the different actual TDW determination at gNB and UE when colliding with DL transmissions
Note: the above cases happen at least with one of collision cases 1, 2, 5, 6, and 7.


This document discusses some aspects of HD-FDD RedCap collisions in the context of NTN operation.
Half-Duplex FDD RedCap Operation in NTN
RedCap operation support is fundamental to Rel-19 NR NTN work. This will add the support of additional IoT use cases through NTN networks beyond what is supported by IoT NTN, where NB-IoT and eMTC based devices operate in NTN networks.
Among RedCap devices, HD-FDD devices are of high importance being the low cost version of RedCap devices. These devices are not equipped with a duplexer, and thus they cannot transmit and receive simultaneously. This leads to HD operation for these devices even when they operate in paired spectrum, so called FDD operation. Thus, despite being operating in FDD mode/system, these devices operate in a time division transmission/reception mode, which results in some collisions/overlaps of different UL and DL transmissions from system point of view.
In the following, first we provide a quick overview of the collision cases which were studies and specified for HD-FDD RedCap operation in Release-17. 
HD-FDD REDCAP Collisions discussed in Rel-17
REDCAP Rel-17 studied the following collision cases for HD-FDD devices:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching
The rules, primarily prioritization of one transmission over the other, for the collision cases were standardized during Rel-17 and these are captured in Section 17.2 of [5]. In essence, a UE will prioritize dynamically scheduled UL/DL transmission over a semi-statically configured DL/UL transmission. And a UE is not expected to be semi-statically configured with colliding UL and DL transmissions. Similarly, a UE does not expect to be DCI scheduled with colliding UL and DL transmissions.
SSB colliding with UL transmission case, a UE will prioritize SSB reception except for the case of a valid RACH occasion overlapping with SSB which is left to UE implementation.
For Case 8 of dynamic/semi-static DL transmission colliding with a valid RACH occasion is left to UE implementation whether to receive DL transmission or transmit PRACH. 
For the RedCap HD-FDD collision cases which have been addressed in Rel-17, it would make sense to apply the same prioritization rules whenever applicable. This would save the effort to discuss and re-open the earlier resolved cases.
Proposal 1: Apply the Rel-17 HD-FDD collision rules for RedCap NTN operation for all cases except case 3 and case 4. 
NTN Operation for HD-FDD RedCap Devices
Rel-17 RedCap WID discussed and standardized the collision cases and prioritization rules for HD-FDD RedCap devices. Nevertheless, NTN operation has some peculiar features which may need to be investigated for HD-FDD RedCap operation in NTN. The key characteristics of NTN channels are in the following:
Very Large RTT and Timing Advance:
Contrary to the terrestrial networks where the RTT and the timing advance are typically a fraction of the slot, the RTT in the NTN networks could be very large. Depending upon the nature of the satellites LEO/MEO/GEO, the RTT could be ~25 ms for LEO orbiting in a 600 km radius and the RTT could be as large as ~540 ms for GSO. This leads to the timing advance spanning large number of slots, e.g., for LEO case 25 slots at 15 KHz SCS.
Observation 1: The RTT and timing advance can span much large number of slots in NTN contrary to TN.

UE based Timing Pre-Compensation and TA Reporting: 
For NTN operation, the network broadcasts valid ephemeris information and Common TA parameters. To perform initial access, the UE acquires its GNSS position, and then based upon the network broadcast information of satellite position, UE computes the RTT between the UE and the satellite. Using the computed RTT and common TA parameters, the UE will pre-compensate the timing advance locally. 
The UE may be configured to report the TA in timing advance report to the network in Msg-3 or Msg-5 during the initial access. Nevertheless, prior to TA report reception, the network may not know the TA/RTT for a given UE.
Observation 2: Prior to receiving timing advance report from a UE operating in NTN, the network may not know the RTT and timing advance for that UE.
Even when UE reports timing advance, the reporting granularity is 1 ms which means the network will not get the accurate TA information.
TA Drift:
Due to fast moving satellites and based upon their orbits, the UEs may experience highly time varying timing advanced values, or TA drift. Even when UEs may be configured to report the values of their estimated TA, the time varying nature may make it obsolete by the time the network receives the report. Time varying TA may also result in large signalling overhead to report TA for a given accuracy.
Observation 3: Time varying TA may result in large reporting overhead and yet may be outdated by the time the network receives the TA report.
Based upon the previous discussion, we note that the specific aspects of NTN channels, large values RTT and TA, the network not knowing the TA and time varying nature of TA may result in network unable to determine the UL and DL timing at the UE.
Observation 4: The peculiar timing aspects of NTN operation and network not knowing UE applied timing advance may result in network unable to determine the UL and DL timing at the UE. 

Case 3 and Case 4 Collisions
As per the discussion in the previous section, the network does not know the precise timing at the UE. Even with UE reporting its TA, there can still be considerable uncertainty with the TA value know at the gNB. A direct consequence of network not able to determine UL and DL timing at the UE is the network inability to provide semi-static DL and UL resources not colliding in time, unless very large TA variation margin is assumed at the network which will result in significant scheduling restriction.
[bookmark: _Hlk158904158]Observation 5: The network cannot always determine non-colliding semi-static UL and semi-static DL configurations for a HD-FDD UE due to TA drift. 
In the same manner, the network can not ensure non-colliding dynamic UL transmission and dynamic DL transmission for a HD-FDD RedCap UE without imposing significant scheduling restrictions.
Observation 6: The network cannot always ensure that a dynamically scheduled UL transmission does not collide with a dynamically scheduled DL transmission for a HD-FDD RedCap NTN UE. 
The scheduling restrictions resulting in less resource available for a scheduled HD-FDD UE to avoid error cases 3 and 4 has been captured in the observations made during RAN1 # 116Bis.
RAN1#116Bis Observation
To avoid the occurrence of error cases 3 and 4 through network scheduling, there are less resources available for a scheduled HD-FDD RedCap/eRedCap UE in NTN compared to TN when there is TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB.
To avoid such restriction for the scheduler and to avoid performance degradation at the UEs, such collision cases need to have the UE behavior defined.
Proposal 2: Address cross link collision issues from TA drift for the following cases:
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission

The collisions cases for case 3 and case 4 may be addressed through different manners. One option could be to define a static or fixed priority, e.g., to prioritize UL or DL transmission when such collisions occur at the UE. Another option can be to define a configurable priority where the network can indicate whether to prioritize DL or UL etc. 
For the case of dynamic DL vs dynamic UL collisions, RAN1 needs to consider the scenarios where UL transmissions may be UL data, SRS or PRACH transmission through PDCCH order.
Proposal 3: Investigate the dynamic DL vs dynamic UL collisions for different types of dynamic UL transmissions, e.g., PUSCH, PUCCH, PRACH or SRS.
As part of the investigation, RAN1 needs to carefully examine if a single priority rule can be specified for all different types of transmissions or different rules may be needed.
SIB19 Collisions with UL Transmissions
RAN1 made an agreement in RAN1#116 meeting to study the potential collision cases of SIB19 with UL transmissions. The reception of SIB19 is fundamental to NTN operation. Typically, the SIB19 is transmitted multiple times within a validity period. If a HD-FDD UE is provided with UL resources colliding with SIB19 reception, the following may happen:
· If a HD-FDD UE always prioritizes the SIB19 reception, the UE will drop colliding UL transmissions, resulting in performance degradation for UL data. This may be an issue when the UE does not actually need to receive SIB19, e.g., when it has valid ephemeris data.

· If a HD-FDD UE always prioritizes the UL transmissions over SIB19 reception, the ephemeris data available to the UE may expire and the UE may have issues with NTN operation. Thus, in this case, prioritizing the UL transmissions over SIB19 reception may not be a good idea.
With the above discussion, it is clear that in case of SIB19 collisions, always (de-)prioritizing the SIB19 reception are not very suitable options.
[bookmark: _Hlk165646935]
Observation 7: A UE prioritizing the UL transmissions over SIB19 reception may have ephemeris data expired, while a UE prioritizing the SIB19 reception may have serious UL performance degradation. 

Given that SIB19 is transmitted through dynamic scheduling, both PDCCH and PDSCH transmissions are involved in SIB19 transmission. This means that the SIB19 reception needs to be investigated for the following collision scenarios:
· semi-static DL (PDCCH for SIB19) colliding with UL transmissions
· Dynamic DL (PDSCH for SIB19) colliding with UL transmissions.

[bookmark: _Hlk165646951]Proposal 4: Investigate the following collision scenarios in relation to SIB19 reception:
· Semi-static DL (PDCCH for SIB19) colliding with UL transmissions
· Dynamic DL (PDSCH for SIB19) colliding with UL transmissions.

Although the SIB19 transmissions are periodic, the network does not know when the UE acquires SIB19 or when the UE needs to acquire SIB19 in view of the ephemeris data available to the UE. Typically, there are multiple SIB19 transmissions in each validity interval and a UE may select a suitable transmission to acquire SIB19. The issue is that the network does not know when UE acquires SIB19. The simplest option is to always prioritize DL to secure SIB19 data, although that may be very sub-optimal for UL data QoS. One option could be the network configuration based upon UE assistance, e.g., the UE informing the network about the validity of its ephemeris data and then network providing some configurable prioritization to the UE in relation to the SIB19 transmissions. Another option could be the UE autonomous determination of prioritization where, e.g., the UE may determine to prioritize SIB19 reception itself based upon the validity of its ephemeris data. This can be beneficial as the UE wouldn’t need to send assistance information to the network to receive SIB19 prioritization which may overload the network resources when there are a lot of UEs sending the assistance data.
Proposal 5: For the SIB19 collisions with UL transmissions, at least, the following broad schemes may be considered as baseline for prioritization:
· Always prioritize DL data
· Network configuration 
· UE autonomous determination

Collision scenarios with more than two Overlapping Transmissions
For HD-FDD Redcap device operating in NTN, due to TA and TA drift, more than two transmissions may collide at the UE. A multi-transmission collision involves multiple (i.e., more than two) transmissions a UE is scheduled/configured to transmit/receive having at least one overlapping symbol in time. As an example, types of colliding transmissions which may be considered include dynamic (e.g., DCI scheduled) DL signaling (e.g., PDSCH, CSI-RS), dynamic (e.g., DCI scheduled) UL signaling (e.g., PUSCH, PUCCH, PRACH, SRS), semi-static DL signaling (e.g., PDCCH, PDSCH, CSI-RS, DL-PRS) and semi-static UL signaling (e.g., PUSCH, PUCCH, SRS)
An exemplary scenario is considered in Figure 2‑1 below involving the collision of a series of three transmissions. Case 1 (left) involves the collision of two downlink transmissions with one uplink transmission. Alternatively, Case 2 (right) involves the collision of two uplink transmissions with one downlink transmission.
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[bookmark: _Ref162992292]Figure 2‑1: Collision scenarios for 3 overlapping transmissions
Figure 2‑1 further depicts two time periods:  which may be defined as the duration of overlap (e.g., in time) between the first colliding transmission and the second colliding transmission; and , which may be defined as the duration of overlap (e.g., in time) between the second colliding transmission and the third colliding transmission. Due to TA and TA drift at NTN UE, these scenarios may exist. 

It’s not clear to us whether the existing collision rules specified in the specification lead to a clear UE behavior upon detecting of such multi-transmission collisions. 
The UE behavior may be ambiguous for multi-transmission collision from which transmissions to prioritize or drop, for example: 
1) UE may drop the two UL transmissions when 1st UL transmission is lower priority
2) UE may drop DL transmission if any one of UL transmissions is higher priority
3) UE may drop first UL transmission and receive a portion of DL and switch to UL for higher priority UL transmission, etc.
Such undefined UE behavior may cause issues at the gNB scheduler as there would be different UEs having different behaviors. RAN1 can discuss such multi-transmission collision scenarios and clarify if the UE behavior is properly defined in the specification.
[bookmark: _Hlk165647324]Proposal 6: Clarify the UE behavior upon detecting the multi-transmission (>2) collision scenarios for HD-FDD RedCap NTN operation. 
Solutions for HD-FDD RedCap Collisions in NTN

A variety of potential solutions can be investigated to handle the HD-FDD RedCap collisions for NTN operation. Broadly, one set of techniques can be based upon improved reporting to the network so that the network is better able to handle and potentially avoid the HD-FDD collisions at the UE. A second set of techniques can be based upon improved scheduling decisions at the network to avoid HD-FDD collisions. Potentially two set of techniques can be combined to achieve better results.
Enhanced Reporting to the Network
In one category of techniques, the UEs provide information to the network in a more dynamic manner and potentially with more refined granularities so that based upon this information, the network can avoid the resource collisions at HD-FDD devices operating in NTN. Based upon the enhanced reporting of TA, TA drift etc., or UE indication upon detecting HD-FDD collisions, the network may (re-)configure semi-static scheduling in a manner to avoid HD-FDD collisions. Similarly, based upon the enhanced reporting from the UE(s), the network may be able to avoid dynamic collisions occurring at the UE(s).
A UE may report collision indication based upon its configuration to detect and report half-duplex collisions. The UE may be configured to report TA and/or collision indication to the network as part of reporting information.
The UE may be configured to report TA or collision indication to the network based upon detecting a configured number of collisions, or collisions of a specific type etc. The network may configure the UE with different TA reporting formats and granularities. The UE may be configured to choose suitable TA format and/or granularity based upon collision scenario or number of detected collisions. The UE reporting may be triggered based upon collisions on a given HARQ process etc as well.

In one strategy, a UE may report a collision indication (e.g., one bit) to the network that there has been a collision. Upon receiving one or more collision indications, the network may choose to trigger a full reporting. In one example, the full reporting may comprise of finer TA reporting from the UE. In another example, the full reporting may include the number of detected collisions for different collision types, traffic types, or collisions for different priorities etc.
[bookmark: _Hlk165647349]Proposal 7: Support the following:
· UE indication upon detecting one or more HD-FDD collisions
· Enhanced TA reporting based upon collision detection.

Collision Avoidance by Scheduling and Resource Configurations
In one broad category, we may consider the collision avoidance by network scheduling. The network scheduler may provide semi-static configuration and dynamic scheduling such that at least Case 3 and Case 4 collisions don’t occur. The network scheduler may keep some scheduling margin among the resource configurations to avoid such collisions. As the network may not always know TA or TA drift, the scheduling based avoidance comes at the expense of introducing additional gaps or delays, which may lead to resource inefficiency, QoS degradation or both.
A more effective technique to avoid HD-FDD collisions can be to update the resource configurations periodically based upon TA and/or TA drift etc. One design can be to network updating the resource configuration and signaling it to the UE. 
In an alternative strategy, the UE can be provided with multiple resource configurations, and after each period, the UE may select and indicate one suitable resource configuration to the network. This may allow the UE to select a suitable configuration based upon its TA, TA drift, etc. which will avoid HD-FDD collisions at the UE. This technique can be implemented in a window based approach, where UE selects one configuration in a first window based upon its estimated TA. Then UE selection of a configuration in the first timing window may activate a second resource configuration in the second timing window. 
[bookmark: _Hlk165647363]Proposal 8: Support the resource configuration adaptation to avoid HD-FDD collisions.
This scheme may allow the resource configuration adaptation based upon TA and TA drift. In this manner, without loss of scheduling efficiency or scheduling many resource configurations to a UE, the network may avoid HD-FDD semi-static collisions.
Conclusions
In this contribution, the following observations are made:
Observation 1: The RTT and timing advance can span much large number of slots in NTN contrary to TN.
Observation 2: Prior to receiving timing advance report from a UE operating in NTN, the network may not know the RTT and timing advance for that UE.
Observation 3: Time varying TA may result in large reporting overhead and yet may be outdated by the time the network receives the TA report.
Observation 4: The peculiar timing aspects of NTN operation and network not knowing UE applied timing advance may result in network unable to determine the UL and DL timing at the UE. 
Observation 5: The network cannot always determine non-colliding semi-static UL and semi-static DL configurations for a HD-FDD UE due to TA drift. 
Observation 6: The network cannot always ensure that a dynamically scheduled UL transmission does not collide with a dynamically scheduled DL transmission for a HD-FDD RedCap NTN UE. 
Observation 7: A UE prioritizing the UL transmissions over SIB19 reception may have ephemeris data expired, while a UE prioritizing the SIB19 reception may have serious UL performance degradation. 

The observations made in this document have led to the following proposals:
Proposal 1: Apply the Rel-17 HD-FDD collision rules for RedCap NTN operation for all cases except case 3 and case 4. 
Proposal 2: Address cross link collision issues from TA drift for the following cases:
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
Proposal 3: Investigate the dynamic DL vs dynamic UL collisions for different types of dynamic UL transmissions, e.g., PUSCH, PUCCH, PRACH or SRS.
Proposal 4: Investigate the following collision scenarios in relation to SIB19 reception:
· Semi-static DL (PDCCH for SIB19) colliding with UL transmissions
· Dynamic DL (PDSCH for SIB19) colliding with UL transmissions.
Proposal 5: For the SIB19 collisions with UL transmissions, at least, the following broad schemes may be considered as baseline for prioritization:
· Always prioritize DL data
· Network configuration 
· UE autonomous determination
Proposal 6: Clarify the UE behavior upon detecting the multi-transmission (>2) collision scenarios for HD-FDD RedCap NTN operation. 
Proposal 7: Support the following:
· UE indication upon detecting one or more HD-FDD collisions
· Enhanced TA reporting based upon collision detection.
Proposal 8: Support the resource configuration adaptation to avoid HD-FDD collisions.
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