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[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]. This document discusses on checkpoint issues for NR-NTN such as UL capacity enhancement and support for (e-)RedCap devices in NR-NTN.
Uplink Capacity/Throughput Enhancement for FR1-NTN

It has been agreed to finish the study of OCC based UL capacity enhancement for DFT-s-OFDM PUSCH by RAN#104 as following:
	2. [bookmark: _Hlk168563346]Uplink Capacity/Throughput Enhancement for FR1-NTN [RAN1, RAN2, RAN4]
· Study then specify, if beneficial, DFT-s-OFDM PUSCH enhancements via Orthogonal Cover Codes (OCC)
· Determine the achievable capacity improvement to be targeted taking into account realistic impairments (e.g. Doppler, time variation, phase distortion, etc)
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed
· Note: The study can consider orthogonal cover codes across OFDM symbols, across slots, and/or within an OFDM symbol.
· Note: the study phase is targeted to be completed by RAN#104
· Notes for this objective:
· The enhancement is not targeting improvements/impacts of MU-MIMO capability
· The enhancement is not targeted to PUSCH DMRS
· No enhancement for initial access
· Enhancements to PRACH are not in scope.
· This feature may be applicable for UEs operating in terrestrial networks based on a common design



After performance evaluation of various OCC techniques in RAN1, the following agreement has been made in RAN1 #107 [3]:
	Agreement
For the normative phase, at least one of the OCC techniques will be specified:
· Inter-slot time-domain OCC with PUSCH repetition Type A with OCC length 2 or 4
· Inter-symbol(s) time domain OCC with OCC length 2 or 4
· Intra-symbol pre-DFT-s OCC (comb-like structure as in PUCCH format 4) with OCC length 2 or 4
· FFS Combination of OCC techniques including multiplexing of 8 UEs
· FFS Use of OCC techniques with TBoMS
· FFS Backward compatibility with non-Rel-19 UEs



Based on the observations, inter-slot time-domain OCC requires least specification effort among the OCC schemes and can provide 2 or 4 times the capacity improvement. 
Observation 1: Inter-slot OCC requires least specification impact among the OCC schemes.
Inter-slot OCC may have performance issues with higher frequency offset whereas intra/inter-symbol may show better performance in these settings. 
[bookmark: _Hlk166103916]Observation 2: Inter-/intra-symbol OCC outperform inter-slot OCC in high frequency offset scenarios.
Given the trade-off of complexity and performance, RAN1 can specify inter-slot OCC and one of the symbol level OCC schemes.
Proposal 1: RAN1 to specify Inter-slot and one of symbol level OCC schemes.
Support of (e-)RedCap in NTN

To support, RedCap devices for NTN operation, this WID has an objective to support RedCap devices with NR NTN where the focus for RAN1 is on HD collision rules. It has been agreed to study the necessity of essential changes for HD collision rules to support (e-)RedCap in NTN by RAN#104.
	3. 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 the following, we discuss the (e-)RedCap collision issues for NTN operation as per RAN1 discussion.
Case 3 and Case 4 Collisions
[bookmark: _Hlk158904158]Case 3 and case 4 collisions were noted as error cases in Rel-17 from UE perspective. RAN1 captured the following observation for cases 3 and 4 during RAN1 #116Bis [4].
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.
There is wide majority in RAN1 favorable to address case 3 and case 4 for HD-FDD RedCap device. Some companies want to leave it to the network scheduling introducing sufficient gaps between the UL and DL transmissions. In our understanding, leaving case 3 / 4 handling to network scheduling is not good as it requires additional scheduling restrictions on the network side and results in less resources at the UE side.
Observation 3: Handling case 3 and case 4 through network scheduling imposes network scheduling restrictions and results in less resources for UE(s).
SIB19 Collisions with UL Transmissions
RAN1 made an agreement in RAN1#116 [5] meeting to study the potential collision cases of SIB19 with UL transmissions. 
	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.



Despite noting the issue of SIB19 collisions for further study, RAN1 could not discuss this issue due to limited time availability. From the TDocs submitted to RAN1, there is fair support to investigate (and resolve) SIB19 collisions with UL transmissions.
[bookmark: _Hlk165646951]Observation 4: RAN1 could not discuss the SIB19 collisions with UL transmissions due to limited time despite a fair number of companies reporting the issue. 
Collision scenarios with more than two Overlapping Transmissions
For HD-FDD Redcap device operating in NTN, 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. 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.
[image: ]
[bookmark: _Ref162992292]Figure 2‑1: Collision scenarios for 3 overlapping transmissions
The UE behavior may be ambiguous for multi-transmission collision from which transmissions to prioritize or drop unless RAN1 clarifies the UE behavior for such cases. 
[bookmark: _Hlk165647324]Observation 5: Multi-transmission collisions may lead to ambiguous UE behavior unless the UE behavior is clarified for such cases.
Few companies reported this issue to RAN1 but due to time limitation, no offline or online discussion took place.
WID update for (e-)RedCap Support
To support the operation of (e-)RedCap devices in NTN, some issues have very wide consensus within RAN1 (e.g., addressing case 3 and case 4 collisions) while some others (e.g., SIB19 and multi-transmission collisions) could not be discussed due to time limitation. We propose to move this objective to normative phase for RAN1 with RAN1 to specify handling for the essential cases.
Proposal 2: Update the NR NTN objective in support of (e-)RedCap devices with the following bullet update:
· For HD-FDD RedCap UEs and eRedCap UEs, check whether specify any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]

Conclusions
In this contribution, the following observations and proposals are made:
Uplink Capacity/Throughput Enhancement:
Observation 1: Inter-slot OCC requires least specification impact among the OCC schemes.
Observation 2: Inter-/intra-symbol OCC outperform inter-slot OCC in high frequency offset scenarios.
Proposal 1: RAN1 to specify Inter-slot and one of symbol level OCC schemes.

Support for (e-)RedCap Devices in NTN:
Observation 3: Handling case 3 and case 4 through network scheduling imposes network scheduling restrictions and results in less resources for UE(s).
Observation 4: RAN1 could not discuss the SIB19 collisions with UL transmissions due to limited time despite a fair number of companies reporting the issue. 
Observation 5: Multi-transmission collisions may lead to ambiguous UE behavior unless the UE behavior is clarified for such cases.

Proposal 2: Update the NR NTN objective in support of (e-)RedCap devices with the following update:
· For HD-FDD RedCap UEs and eRedCap UEs, check whether specify any essential changes are needed for their support (i.e. focusing on HD collision rules) by end of Q2/2024 [RAN1]
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