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Introduction
[bookmark: _Hlk510705081]In this contribution we address the release 19 objective on (e)RedCap support for NR over NTN. The objective is captured in [1]: 
	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. 



In this contribution we will focus on the support of half duplex (HD) RedCap UEs, as this is the only subtopic which is targeted for RAN1 discussions. We provide proposals, which RAN1 can use to observe issues and the related essential changes.

In RAN1 #116 the following was agreed:
	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: ​
· [bookmark: _Hlk165980931]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.



At RAN1 #116-bis the following observations where made (no agreements)
	· 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.
· 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.
· 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.



Discussion
Common understanding of UE’s Timing Advance
The identification of a collision between uplink and downlink is relatively simple in Terrestrial Networks (TN) due to the limited propagation delay. The gNB is in control of the Timing Advance (from initial access random access procedure and subsequent TA commands during connection) and thus the gNB is capable of calculating when an uplink transmission will be initiated on UE side, while at the same time also calculating when the UE will receive a certain downlink transmission.
Observation 1: In terrestrial networks (TN) the gNB can calculate when a UE will receive and transmit based on the Timing Advance controlled by the gNB. 
However, in Non-Terrestrial Networks (NTN) the propagation delay per UE varies and takes on values which greatly exceed the slot duration. For example, the TR 38.821 defines the cell differential delay for a 600 km LEO satellite which may exceed 3 ms. Furthermore, the UE is responsible for the autonomous time-domain pre-compensation of uplink transmissions covering the propagation delays of the service link and potentially the feeder link as well. This means it is challenging for the gNB to determine when the UE will start an uplink transmission and whether such uplink transmission will collide with a downlink reception. The scenario is illustrated in Figure 1. 
Observation 2: In NTN the propagation delay per UE is large and varying and the UE is controlling the Timing Advance via UE autonomous uplink pre-compensation, which makes it challenging for the gNB to identify collisions. 
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[bookmark: _Ref158644390]Figure 1 Blocking depending on UE Timing Advance.
The issue of uncertain Timing Advance was addressed in previous NTN releases by specifying that the UE reports the applied Timing Advance in a “Timing Advance Report MAC Control Element” (see TS 38.321). The UE is triggered to report the Timing Advance as follows (TS 38.321):
	[bookmark: _Toc155999640]5.4.8	Timing Advance Reporting
The Timing Advance reporting procedure is used in a non-terrestrial network or an air to ground network to provide the gNB with an estimate of the UE's Timing Advance value (i.e., TTA as defined in the UE's TA formula, see TS 38.211 [8] clause 4.3.1).
RRC controls Timing Advance reporting by configuring the following parameters:
-	offsetThresholdTA;
-	timingAdvanceSR.
A Timing Advance report (TAR) shall be triggered if any of the following events occur:
-	upon indication from upper layers to trigger a Timing Advance report;
-	upon configuration of offsetThresholdTA by upper layers, if the UE has not previously reported Timing Advance value to current Serving Cell;
-	if the variation between the current estimate of the Timing Advance value and the last reported Timing Advance value is equal to or larger than offsetThresholdTA, if configured.
The MAC entity shall:
1>	if the Timing Advance reporting procedure determines that at least one TAR has been triggered and not cancelled:
2>	if UL-SCH resources are available for a new transmission and the UL-SCH resources can accommodate the Timing Advance Report MAC CE plus its subheader as a result of logical channel prioritization:
3>	instruct the Multiplexing and Assembly procedure to generate the Timing Advance Report MAC CE as defined in clause 6.1.3.56.
2>	else
3>	if timingAdvanceSR is configured with value enabled:
4>	trigger a Scheduling Request.


The Timing Advance Report granularity is defined in TS 38.321 and has a resolution in slots for 15 kHz subcarrier spacing:
	[bookmark: _Toc155999829]6.1.3.56	Timing Advance Report MAC CE
The Timing Advance Report MAC CE is identified by MAC subheader with LCID as specified in Table 6.2.1-2. It has a fixed size and consists of two octets defined as follows (Figure 6.1.3.56-1):
-	R: Reserved bit, set to 0;
-	Timing Advance: In FR1 except for ATG, the Timing Advance field indicates the least integer number of slots for NTN or symbols for ATG, using subcarrier spacing of 15 kHz for NTN and either 15 kHz or 30 kHz for ATG, greater than or equal to the Timing Advance value (see TS 38.211 [8], clause 4.3.1). For ATG, the Timing Advance field indicates the least integer number of symbols greater than or equal to the Timing Advance value (see TS 38.211 [8], clause 4.3.1). The symbol duration is based on the subcarriers spacing the UE is currently configured with. In this release of the specification, only 15 kHz and 30 kHz SCS are applicable and only values 1 … 56 are used. The length of the field is 14 bits.


Figure 6.1.3.56-1: Timing Advance Report MAC CE


According to TS 38.331 the offsetThresholdTA is in the range [0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15] ms..
Observation 3: The TA report has a granularity of 1 ms.
However, a key challenge for the NR NTN solution is that even a stationary UE has to transmit Timing Advance reports (the amount and occurrence rate is depending on the offsetThresholdTA) due to the satellite movement while the UE is in RRC_CONNECTED mode. This results in signaling overhead and therefore shorter UE battery life. 
Observation 4: Stationary UE Timing Advance reporting caused by satellite movement results in additional signaling overhead and therefore shorter UE battery life.
To further complicate the situation, it is not given that the UE is able to deliver the Timing Advance reporting, as TS 38.306 has an entry regarding the UE capability of reporting TA:
	uplink-TA-Reporting-r17
Indicates whether the UE supports UE reporting of information related to TA pre-compensation as specified in TS 38.321 [8]. UE indicating support of this feature shall also indicate support of uplinkPreCompensation-r17 for this band. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].
	Band
	No
	N/A
	N/A



Which, for UEs not supporting uplink-TA-Reporting-r17, will leave the gNB completely unaware of the timing advance being applied on the UE side.
Observation 5: Support for TA reporting is an optional feature for the UE, which means that the gNB will potentially not be aware of the timing advance applied at the UE side.
In our view, RAN1 should discuss whether the UE can report an indication of its location to the gNB instead. By being aware of the approximate UE location the gNB can estimate the current propagation delay and how it will change due to the satellite movement. It should be noted that the approximate UE location may be very coarse (in the range of a few km as provided with the already existing coarse location information in TS 38.331) since the gNB will only need to know the approximate impact to the UE experienced delay at any time through a satellite fly-over. With such an approach the UE will not need to provide regular updates on its timing advance information whenever this value changes beyond the configured threshold, as the gNB would automatically be able to evaluate the propagation delay and be aware of potential timing conflicts. The benefit of this approach is that the UE would not have to deliver updated timing advance reports whenever the trigger for changed TA is met, thereby experiencing less frequent need for delivering TA reports, and hence less power consumption at the UE side.
Observation 6: Using an approximate UE location the gNB can estimate the Timing Advance.
Proposal 1: RAN1 to observe or conclude that an approximate UE location can be reported by the UE instead of or in addition to the current Timing Advance reporting method that is defined for Rel-17 NR NTN.
Proposal 2: RAN1 to observe or conclude that UE Timing Advance reporting must be mandatory for half-duplex RedCap UEs operating in NTN if the UE does not report its approximate UE location.
In RAN1 #116bis it was observed that less resources are available for a HD-FDD RedCap UE in NTN compared to TN if the gNB attempts to avoid the occurrence of error cases 3 and 4. In our view it is a waste of resources to attempt to avoid the collision by use of guard time.
Proposal 3: RAN1 to observe or conclude that the use of guard time to avoid the occurrence of error cases 3 and 4 is a waste of resources.
[bookmark: _Hlk165979102]We therefore consider the reporting of approximate UE location or UE Timing Advance as beneficial, because they can minimize the required guard time.
Proposal 4: RAN1 to observe or conclude that the guard time for collision avoidance can be minimized by use of reporting of approximate UE location or UE Timing Advance.
Despite the use of reporting there may still be a certain level of gNB uncertainty regarding the Timing Advance the UE applies. For example, a coarse UE location report can result in high-accuracy TA estimates, but become outdated due to UE movement, while the currently specified TA report has low granularity (slot-level) and a relatively large reporting threshold (0.5-15 ms for offsetThresholdTA in TS 38.331).
Observation 7: The gNB scheduler may have TA awareness with high or low accuracy depending on the report type, report granularity, and report periodicity.
The TA accuracy is known to both gNB and UE and thus it can be considered whether this could impact the collision rules. For example, if there is a collision between dynamically scheduled DL reception with semi-statically configured UL transmission (case 1), the UE can assume the collision is known to the gNB and intentional if the gNB has high TA accuracy knowledge, and unintentional if the gNB has low accuracy knowledge. In case the collision is assumed to be known to the gNB the UE should prioritize the dynamic scheduling, and otherwise the semi-static scheduling.
Proposal 5: RAN1 to observe or conclude that the UE’s collision handling depends on the gNB scheduler’s TA awareness having high or low accuracy.

Collision handling
In the previous RAN1 meetings various collision rules were discussed. In our view, a key issue for the RedCap UE operation in NTN is the fact that the UE needs a valid SIB19 to be uplink synchronized. If uplink synchronization is not in place the UE would anyway be prohibited from performing any UL transmissions (not even PUCCH for acknowledging reception of PDSCH).
In legacy collision rules, the UE shall prioritize a dynamically scheduled uplink transmission over a dynamically scheduled downlink reception (case 4 in the RAN1 agreements). If the SIB19 is expired or about to expire this is problematic, because the UE would need to receive the dynamically scheduled SIB19 in order to pre-compensate any uplink transmissions.
Observation 8: The UE needs a valid SIB19 to pre-compensate uplink transmissions in NTN and thereby have valid UL synchronization.
A brute force approach would be to mandate the UE prioritizes SIB19 reception over uplink transmissions. However, this would lead to a severe blocking of uplink resources, because each SI window (being in the order of 5-1280 slots) can contain multiple PDCCH monitoring occasions (depending on the search space configuration) for the SIB19 scheduling. Furthermore, the SIB19 validity duration is in the range of 5 seconds to several minutes while the SI periodicity (the recurrence of the SI window) is 8-512 radio frames and thus there can be many SI windows (with many PDCCH monitoring occasions) within a SIB19 validity duration.
Observation 9: There may be a large number of PDCCH monitoring occasions for SIB19 scheduling within a SIB19 validity duration.
The network scheduler is not aware when a UE has acquired the SIB19 and therefore the network scheduler does not know when the UE will attempt to reacquire the SIB19. This means the brute force approach would result in uplink transmission resource blocking of all the corresponding PDCCH monitoring occasions and PDSCH carrying SIB19.
Observation 10: The network scheduler is not aware when the UE will attempt to reacquire SIB19 and thus many PDCCH+PDSCH occasions will block uplink transmission resources.
An alternative approach can be to define that the UE is allowed to prioriotize receiving a subset of the PDCCH monitoring occasions in each SI window, thus essentially reverting the collision rule to prioritize SIB19 reception over dynamically scheduled uplink transmissions. In our view, it is beneficial to prioritize a subset of the occasions within each SI window, because the network scheduler does not know when each UE may attempt to reacquire the SIB19. Knowing this, the gNB may also prioritize to schedule the SIB19 within such windows for cases where a larger number of RedCap devices are connected to a cell.
This approach will ensure that only some uplink resources are blocked and at the same time give RedCap UEs freedom to receive SIB19 in any SI window. The approach is illustrated in Figure 2.
Proposal 6: RAN1 to observe that a new collision rule may enable RedCap UEs operating in NTN to prioritize SIB19 reception over dynamic uplink transmissions in a subset of the occasions in each SI window.
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[bookmark: _Ref163129327]Figure 2 Illustration of UE prioritizing SIB19 reception over dynamically scheduled uplink transmission.
An alternative approach to reserving the subset of SIB19 reception occasions can be to define a solution that ensures the UE and the network scheduler have a common understanding of the remaining validity duration of the UE’s current SIB19. This will mean the network scheduler and UE are both aware of approximately when the UE will attempt to reacquire SIB19. Until that point in time is reached the UE shall prioritize dynamically scheduled uplink transmissions over the SIB19 reception occasions. When the point in time is reached, the UE shall prioritize the SIB19 reception.
Proposal 7: RAN1 to discuss how to ensure UE and network scheduler have a common understanding of the remaining validity duration of the UE’s current SIB19, and that the UE is to prioritize SIB19 reception when the validity duration expiry is imminent.  
For example, if the UE indicates it received the SIB19 in the current SI window or the remaining SIB19 validity duration, the network scheduler and UE are both aware approximately when the UE will attempt to reacquire SIB19. Such common understanding between the UE and the network scheduler can be used to define certain SIB19 reception occasions that are prioritized by the UE over dynamically scheduled uplink transmissions. 
Proposal 8: RAN1 to observe or conclude that the UE may report information regarding the UE’s current SIB19 validity to ensure a common understanding of which SIB19 reception occasions are prioritized by the UE for SIB19 reacquisition.
At RAN1 #116bis it was observed that less resources may be available for a HD-FDD RedCap UE in NTN compared to TN if the gNB attempts to avoid the occurrence of collision cases 1, 2, 5, and 6 or a loss of DL/UL transmissions if a collision happens. In our view, as previously proposed, the use of guard time can be minimized if the UE reports a coarse location or the Timing Advance. However, such information may be stale and RAN1 could therefore consider whether the UE can be triggered to report a new coarse location or Timing Advance if the UE observes a collision. This would not avoid the present collision, but it could avoid future collisions and minimize the guard time, because the gNB scheduler would have more up-to-date timing information.
Proposal 9: RAN1 to observe or conclude that the UE may trigger a new coarse location or Timing Advance report if a collision is detected by the UE.

HARQ for RedCap UEs operating in NTN
During the study item phase for NR over NTN it was recognized that the large round-trip time could cause HARQ stalling i.e. the stop-and-wait process will be waiting for feedback. Therefore, two solutions were specified:
A. The number of UE HARQ processes was increased from 16 to 32.
B. The HARQ feedback could be disabled.

Both options are UE capabilities and we think it will be beneficial for RAN1 to discuss whether the RedCap UE operating in NTN shall support one or more of these features to address the HARQ stalling issue.
Increasing the number of HARQ processes will increase UE complexity and cost and thus it may not be a good way forward for the RedCap UE.
Observation 11: A higher number of HARQ processes may also result in higher RedCap UE complexity and cost.
Proposal 10: RAN1 to observe or conclude that support of HARQ feedback disabling as well as increased amount of HARQ processes for RedCap UEs operating in NTN may be needed.

Applicable NR NTN features
One aspect that may need further consideration is that RedCap UEs may experience limitations when it comes to topics that are normally handled by RAN2 in terms of NTN operation, such as UE mobility and measurements including parallel SMTCs (SS/PBCH Block Measurement Timing Configuration). Such topics seem to be out of scope for RAN1, but RAN2 may need to be made aware that some aspects need addressing.
Proposal 11: RAN1 to inform TSG RAN and RAN2 that there may be potential issues to address with respect to RedCap UEs operation in NTN.

Conclusion
In this contribution we have provided our analysis of the (e)RedCap UEs in connection with NR over NTN, and we have reached the following observations and proposals:
Observation 1: In terrestrial networks (TN) the gNB can calculate when a UE will receive and transmit based on the Timing Advance controlled by the gNB. 
Observation 2: In NTN the propagation delay per UE is large and varying and the UE is controlling the Timing Advance via UE autonomous uplink pre-compensation, which makes it challenging for the gNB to identify collisions. 
Observation 3: The TA report has a granularity of 1 ms.
Observation 4: Stationary UE Timing Advance reporting caused by satellite movement results in additional signaling overhead and therefore shorter UE battery life.
Observation 5: Support for TA reporting is an optional feature for the UE, which means that the gNB will potentially not be aware of the timing advance applied at the UE side.
Observation 6: Using an approximate UE location the gNB can estimate the Timing Advance.
Observation 7: The gNB scheduler may have TA awareness with high or low accuracy depending on the report type, report granularity, and report periodicity.
Observation 8: The UE needs a valid SIB19 to pre-compensate uplink transmissions in NTN and thereby have valid UL synchronization.
Observation 9: There may be a large number of PDCCH monitoring occasions for SIB19 scheduling within a SIB19 validity duration.
Observation 10: The network scheduler is not aware when the UE will attempt to reacquire SIB19 and thus many PDCCH+PDSCH occasions will block uplink transmission resources.
Observation 11: A higher number of HARQ processes may also result in higher RedCap UE complexity and cost.

Proposal 1: RAN1 to observe or conclude that an approximate UE location can be reported by the UE instead of or in addition to the current Timing Advance reporting method that is defined for Rel-17 NR NTN.
Proposal 2: RAN1 to observe or conclude that UE Timing Advance reporting must be mandatory for half-duplex RedCap UEs operating in NTN if the UE does not report its approximate UE location.
Proposal 3: RAN1 to observe or conclude that the use of guard time to avoid the occurrence of error cases 3 and 4 is a waste of resources.
Proposal 4: RAN1 to observe or conclude that the guard time for collision avoidance can be minimized by use of reporting of approximate UE location or UE Timing Advance.
Proposal 5: RAN1 to observe or conclude that the UE’s collision handling depends on the gNB scheduler’s TA awareness having high or low accuracy.
Proposal 6: RAN1 to observe that a new collision rule may enable RedCap UEs operating in NTN to prioritize SIB19 reception over dynamic uplink transmissions in a subset of the occasions in each SI window.
Proposal 7: RAN1 to discuss how to ensure UE and network scheduler have a common understanding of the remaining validity duration of the UE’s current SIB19, and that the UE is to prioritize SIB19 reception when the validity duration expiry is imminent.  
Proposal 8: RAN1 to observe or conclude that the UE may report information regarding the UE’s current SIB19 validity to ensure a common understanding of which SIB19 reception occasions are prioritized by the UE for SIB19 reacquisition.
Proposal 9: RAN1 to observe or conclude that the UE may trigger a new coarse location or Timing Advance report if a collision is detected by the UE.
Proposal 10: RAN1 to observe or conclude that support of HARQ feedback disabling as well as increased amount of HARQ processes for RedCap UEs operating in NTN may be needed.
Proposal 11: RAN1 to inform TSG RAN and RAN2 that there may be potential issues to address with respect to RedCap UEs operation in NTN.
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