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Introduction
In [1] we proposed three projects for the RAN4 cross area in Rel-19. In addition, more proposals were observed in RAN#102 [2~5]. Among them we are interested in the fragmented DL and NTN enhancement. So in this paper, we mainly discuss the following Rel-19 candidate projects including the justification, issues & solutions, impacts on the specifications and then the potential detailed objectives:
· Topic #1: Fragmented carriers in the DL
· Topic #2: NTN RAN4 enhancement
· Topic #3: ATG
· Topic #4: Sidelink RAN4 enhancement
· Topic #5: Intra-band non-collocated CA/DC
Topic #1: Fragmented carriers in the DL
Justication and main issues
In [6, 7] operators provided the scenarios for fragmented DL spectrum enhancement. The main issue is that the non-contiguous spectrum within a band is allocated to one operator, which requires UE to support larger CC number within one band. It means that UE should use multiple RF chains and reserve multiple baseband resources, including timing and frequeny synchornization, RRM measurement and PDCCH monitoring, for multiple CCs in one band, and thus increase the implementaion complexity of a UE. 
If the operators want to further support the inter-band CA combining with other band, the UE complexity would become even higher and it would be impossible for UE to widely support such inter-band CA combination due to the higher CC number, especially considering the middle-end and lower-end UE. Thus it could limit the fully utilization of spectrum to provide the high data rate service to users. 
The scenario is shown in Figure 1, where the whole range of non-contiguous spectrum is within 100MHz. It was thought that the required PDSCH baseband resource could be the same as that for 100MHz carrier. As metioned above, the main challenage for such scenario is the increased CC number for a UE, which translates into multiple RF chains and multiple baseband resources for synchronization, RRM measurement and PDCCH monitoring. 
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Figure 1: the scenario for fragmented carriers in the DL [6,7]
In fact although the proponents mainly focused on FDD bands, which requires less PDSCH resources, the same issue exists also for intra-band CA with larger aggregated bandwidth than 100MHz. For example, in n41 (2.6GHz) and n78/77 (3.5GHz), the 2CC intra-band contiguosu CA can be supported. But in the long run, the middle-end/low-end UE may only be capable of supporting 2 CC. If such UE supports 2CC intra-band CA, then it cannot support the inter-band CA with other band anymore. 
Potential solutions and objectives
In [6,7] the proposed objectives for a study item are as follows:
· A new study item on how to consider fragmeted intra-band blocks as a single CC in the DL
· Limit the scope to FDD bands, where individual DL bandwidth is ≤ 100MHz
· Evaluate the feasibility of using a single Rx chain per fragmented FDD band, while studying the near-far problem and unwanted emissions implications
In [7] it was further proposed to implement the intra-band non-contiguos CA dynamically using 3 to 6Rx chains in total and thus can support 10+ CC inter-band CA with such intra-band non-contiguous CA as components to maximize the potential DL throughput by miminal number of RF chains.
In sum, the propsal is to try to make intra-band non-contiguos DL CA operation be like the single carrier operation. We are fine with the proposed objectives/solutions. In our view, to fully enable such operation, the enhancement could include two parts
· RF enhancement: to enable the single RF chain to support intra-band non-contiguous DL CA with single uplink carrier by define the proper RF requirements
· Discuss the new UE RF architecture (the previous reference UE RF architecture is captured in 36.823)
· Investigate whether the existing RF requirements for intra-band non-contiguous DL CA can be reused, and if not update the requirements with the proper conditions
· Including REFSENS, in-gap ACS, in-gap blocking requirements
· Power imbalance between different DL CCs
· Ensuring the co-existence performance for adjacent frequency operations between different operators
· Baseband enhancement & RRM: simplify the operation on intra-band non-contiguous DL CA to make it like a single CC
· One possible approach is to combine the existing Rel-18 features SSB-less for NES and single DCI scheduling for multi-carrier operations as a package feature for intra-band non-contiguous CA enhancement in Rel-19
· In that way, there will be less impact on RAN1/RAN2
· Define the new UE capability to allow UE to reserve one set of resources for synchronization, RRM measurement, PDCCH monitoring when the network can guarantee the synchronizations between carriers in one band
· Investigate whether the existing RRM requirements for intra-band non-contiguous CA can be reused or not, and if not update the requirements with the proper conditions
· Including MTTD, MRTD, interruption and activation/deactivation delay
Topic #2: NTN RAN4 enhancement
Justication and main issues
Quite a number of new proposals for NTN and IoT-NTN enhancements were proposed in RAN#102 meeing [2~5]. Among them there are three topics outstanding:
· High power UE for NTN/IoT-NTN
· NTN testing for NGSO
· NR Channel BW less than 5MHz for NTN
Regarding the HPUE proposals, the intention is try to reuse the TN ecosystem for HPUE to improve the uplink link budget for NTN/IoT NTN system. For TN the PC1 is specified for non-hand held UE for the public safety use case, and PC1.5/PC2 are specified for both non-hand held and hand-held UEs with duty cycles solution or P-MPR solution to meet the SAR requirement. For the terrestrial network (TN), the power class 1.5 (PC1.5) is specified for NR TDD bands and power class 2 (PC2) is specified for both NR TDD and FDD bands, and PC1.5/PC2 are specified for LTE TDD bands only. But for NTN and IoT-NTN, only FDD bands are specified, which means the extra effort would be needed including MSD requirements. Besides, the most NTN bands are adjacent to TN bands or overlapping with TN bands and thus the co-existence study and the corresponding requirements are needed to ensure that the additional interference caused by high power UE could be tolerable.
Regarding NTN testing for NGSO, the existing NTN requirements including frequency error and uplink timing are defined assuming the fixed Doppler shift and fixed delay shift [9]. Although the values are randomly selected in the certain range and unknown to the device under the test in Rel-18, it could not reflect the real scenario where the Doppler shift and delay shift vary with the move of satellite and thus could not meet the demanded test coverage for NGSO in the satellite community. Therefore in Rel-19 the new channel mode with varying Doppler shift and timing offset is expected for performance verification of NGSO devices.
For the less than 5MHz NR-NTN channel bandwidth, it can enable the smaller channel bandwidth for NTN following the introduction of less than 5MHz for TN network in Rel-18. It could help the satellite companies fully utilize the available spectrum. Like the work done for TN, RAN4 needs investigate the impact on system parameter and check whether the RAN4 NTN RF/RRM/Demodulation requirements can cover the new channel bandwidth. 
Potential solutions and objectives
In RAN#102 all the high power classes, i.e., PC1, PC1.5 and PC2, are proposed. Considering the difference beween handheld and non-hand held devices and considering that the co-existence study and correpsonding requirements should be done or specified for the individual band. The workload to finish all the potential combinations would be very high. It would be reasonable to focus on some combination and finalize the NTN HPUE step by step.
Because PC1 has already been specified for non-hand held UE in lower FDD bands and PC2 has been specified for hand-held UE for FDD bands, it would be easier to first focus on such evoluation directions.
Therefore, for high power UE for NTN/IoT-NTN, the following obejctives could be considered
· Focus on the following aspects for high power classes of NTN devices
· PC1 for non-hand held device and PC2 for hand-held device
· Decide the example bands for NTN/IoT-NTN high power classes
· Conduct co-existence study for high power UE on the example bands
· Evaluate the impact on the uplink performance of TN network and whether the regulation requirements can be met. 
· Specify the NTN/IoT-NTN UE RF requirements including
· Support both 1Tx and 2Tx architecture
· Tx requirements: common requirements + band specific requirements
· Maximum output power requirements and Tx power tolerance for example bands for PC1 and PC2
· Investigate and specify the solution to meet SAR requirements for PC2 NTN handheld UE and for power class fallback.
· Specify A-MPR requirements for PC1 and PC2 on the example bands, if necessary
· Rx requirements for example bands
· Specify the RSD requirements for PC1 and PC2 on the example bands, if necessary
Regarding NGSO testing, RAN4 can focus on the RF frequency error requirement, RRM uplink timing requirement/test, and a limited number of demodulation performance requirements to verify the performance of UE supporting NGSO in the new TE-emulated channel model with varying Doppler and delay shifts matching the satellite motion trajectory based on the ephemeris.
Accordingly the following objectives can be considered
· Study and specify the TE-emulated channel model with varying Doppler and delay shifts matching the satellite motion trajectory based on the ephemeris.
· Investigate whether the core requirements can be retained under the new channel model and if not, update the requirements for NR=NTN and IoT-NTN
· E.g. frequency error requirements (RF part)
· Uplink timing requirements (RRM part)
· Specify the necessary performance requirements to verify the updated core requirements for NR-NTN and IoT-NTN
· E.g. test to verify frequency error requirements (RAN5)
· Test to verify RRM uplink timing requirements (RAN4)
· Specify the necessary demodulation performance requirements for NR-NTN and IoT-NTN
· Focus on the limited number of PDSCH/PUSCH performance requirements
Regarding the introduction of less than 5MHz channel bandwidth for NR-NTN, the following objectives could be considered
· Investigate and specify the system parameters to enable less than 5MHz channel bandwidth for NR-NTN
· Channel bandwidth as common requirement and specific requirement for example bands
· Channel arrangement including channel raster and sync raster, if needed
· Specify the necessary Tx and Rx requirements
· Focus on PC3 for Tx requirements
· Select a limited number of example bands to finalize the Rx requirements
· Investigate and specify the necessary RRM/RLM core and performance requirements to support less than 5MHz channel bandwidth
· Investigate and specify the necessary demodulation performance requirements to support less than 5MHz channel bandwidth
Topic #3: ATG
Justication and main issues
The motivations in [10] include 1) mitigate severe ATG gNB-to-TN gNB interference; 2) enhance throughput to meet ATG capacity demand. Accordingly, the proposed objectives include the introduction of FR2-1 for ATG, introduction of intra-band/inter-band CA for ATG and finalization of Rel-18 leftover issues (DL 1024QAM, FR1 MIMO and FR1 ATG EMC requirement).
In [10] it is proposed to focus on intra-band and inter-band CA to enhance ATG capacity. Considering ATG device is specific for the communication from airplane to ground and both uplink and downlink capacities are important, both uplink and downlink CA should be considered. To make the work complete, the example band combination(s) also need be provided.
Potential solutions and objectives
The following objectives could be considered for Rel-19 ATG enhancement:
· Specify the intra-band and inter-band CA band combination and configurations for ATG
· Decide the example band combinations
· Specify the necessary UE RF requirements for ATG intra-band and inter-band CA (example band combinations)
· Tx requirements including maximum output power, configured Tx power, output power dynamics, Tx signal quality, SEM, ACLR
· Rx requirements including REFSENS, maximum input level, ACS, blocking and etc
· Specify the necessary BS RF requirements for ATG including
· TAE requirements for intra-band and inter-band CA for ATG
· Specify the necessary RRM core/performance requirements for intra-band and inter-band CA for ATG including
· SCell activation/de-activation delay requirements and interruption requirements
· RRM measurement requirements
· Specify the necessary demodulation performance requirements for intra-band and inter-band CA for ATG
Topic #4: Sidelink RAN4 enhancement
Justication and main issues
The evolution of sidelink in Rel-19 is mainly motivated by 5GAA LS as below.
	From an automotive perspective, further work on sidelink carrier aggregation (CA) is needed:
· 	Introduction of intra-band non-contiguous CA in band n47 (ITS spectrum), including the Component Carrier (CC) combinations 10MHz + 10MHz and 10MHz + 20MHz, for UE Power Class 2 (26 dBm) and Power Class 3 (23 dBm). This requirement is to account for a fragmented utilization of different channels within band n47 in some parts of the world.
· Introduction of Power Class 2 (26 dBm) for intra-band contiguous sidelink CA in band n47.
The Power Class 2 is important to maintain a sufficient communication range when employing CA.
5GAA would highly appreciate if 3GPP TSG RAN could consider these requirements in their upcoming Rel-19 work in particular in RAN4.


Besides, the enhancements of sidelink on NR-U and inter-band con-current operation are proposed [11, 12]. In [10] it is proposed to focus on the enhancement of intra-band non-contiguous CA in ITS band to meet the higher capacity and higher coverage requirements of automotive industry.
The potential discussion point is whether to consider all the proposed power classes from 5GAA. In our view, we can consider both PC2 and PC3 for sidelink CA.
Potential solutions and objectives
The following objectives could be considered for Rel-19 sidelink enhancement
· Specify the intra-band non-contiguous CA including 10MHz+10MHz and 10MHz+20MHz with power class 2 (PC2) and power class 3 (PC3)
· Sidelink CA operation band combinations and configurations
· Update channel arrangement including channel spacing, raster, sync raster, and other aspects, if needed
· Tx requirements
· Maximum output power and MPR for PC2 and PC3
· Update configured output power, output power dynamic, Transmit signal quality, out-of-band emission, spurious emissions, if needed
· Rx requirements
· Update REFSENS, Maximum input level, ACS, blocking, etc, if needed
· Specify the intra-band contiguous CA with power class 2 (PC2)
· Sidelink CA operation band combinations and configurations
· Tx requirements
· Maximum output power and MPR for PC2
· Update other RF requirements, if needed
No RRM and demodulation performance requirements would be needed for above Rel-19 sidelink enhancement.
Topic #5: Intra-band non-collocated CA/DC
Justication and main issues
In Rel-18 type 2 UE is specified for intra-band non-collocated CA/DC scenario, while type 3a/3b and type 4a/4b receivers are not specified. In order to achieve the better performance, the operators propose to specify type 3 and type 4 receivers.
In [10] it is suggested to start with type 4 for FWA and then check and decide whether to work on type 3 receiver.
· Type4 requirements assuming MRTD>CP for FWA, reusing Type 2 requirements
· (Not to include in March’24, but check in Dec’24) Type3 requirements assuming MRTD<CP and power imbalance < X dB for handheld UE 
· Without intended impacts on the network side
The type 3 receiver will share the Rx RF chains, i.e., antenna/LNA and thus could not tolerate the higher power imbalance, while type 4 receiver is like 6Rx or 8Rx receiver to split the Rx chains to different CCs and thus UE behaves like the separate receiver on the individual CC. However, it is noted that MRTD<CP could limit the deployment scenario for type 3 UE. 
Potential solutions and objectives
According to [10], the following obejctives could be considered for the enhancement of intra-band non-collocated CA/DC:
· Specify the requirements for type 4 receiver assuming MRTD>CP for FWA
· RF requirements: update power imbalance requirements if needed
· RRM core/performance requirements: update MTTD and MRTD requirements if needed and update the other requirements including scheduling restriction/availability, SCell operation related delay and interruption
· Demodulation: specify the PDSCH demodulation performance requirements if needed
· Try to reuse the existing type 2 requirements as much as possible
· FFS: Specify the requirements for Type3 requirements assuming MRTD<CP and power imbalance < X dB for handheld UE
· Check in Dec’ 2024.
Conclusions
In this contribution, we anlayze the motivations and main issues of Rel-19 proposed enhancements for fragmeted DL, NTN enhancement, ATG, sidelink and intra-band non-collocated scenario. Accordingly, we provided the solultions and proposed the candicate objectives for discussions in RAN#103.
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