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Introduction
This contribution presents ETRI’s views on RedCap and eRedCap UEs with NR NTN operating in FR1-NTN bands based on the agreements/observations in Table 1.

[bookmark: _Ref158889992]Table 1. Agreements on support of NTN HD UEs [1] and [2].
	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.

RAN1 observation #1
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. 

RAN1 observation #2
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. 

RAN1 observation #3
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
UE-specific TA report
As in Table 2, a UE can report the least integer number of slots for the timing advance using subcarrier spacing of 15 kHz (i.e., with 1 msec reporting granularity). Therefore, when the actual length of uplink slot or downlink slot is less than 1 msec, then the network may have a certain level of ambiguity on the time reference for the half-duplex (HD) prioritization rule given that the reported TA value may represent multiple uplink slots rather than a single fixed slot. 

[bookmark: _Ref158890334]Table 2. Timing advance report MAC CE in TS 38.321 [3]
	[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



Regarding the agreed RAN1 observation #1, #2, and #3 in Table 1, we can see that all the potential issues start from the existence of “TA mismatch between actual TA used by the UE and assumed TA for the UE at the gNB”. Therefore, enhancements on TA report should be considered as a candidate of general solution for all the identified issues. More specifically, we think the potential enhancements on TA report may include the following topics, which may require some RAN1 discussions:
· Required TA report granularities per NTN payload type, SCS, etc.

Proposal 1. RAN1 to consider introducing finer granularity than 1 msec for TA report MAC CE.
· FFS, required TA report granularities per NTN payload type, SCS, etc.

[bookmark: _Hlk158902436]Collision between higher-layer configured DL reception and higher-layer configured UL transmission
As clarified by the yellow highlighted part in Table 3, the network should avoid collision between higher-layer configured DL reception and higher-layer configured UL transmission by its implementation. And the agreed RAN1 observation #1 in Table 1 says that the required overhead for such network implementation-based solutions can be increased in NTN environments. From our understanding, Table 3 is the only part that will be affected by the agreed RAN1 observation #1 in Table 1. Therefore, it would be worth to note the following two aspects:
· The agreed RAN1 observation #1 in Table 1 only applies when the HD-UE is configured with “dedicated” higher layer parameters.
· According to the cyan and green highlighted parts in Table 3, the network should avoid collision between PDCCH CSS monitoring and higher-layer configured UL transmission by its implementation, but not for one exception case (Type-2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and configured-grant based PUSCH transmission).

[bookmark: _Ref158899969]Table 3. Specification support for HD UE [4]
	A HD-UE does not expect to receive both dedicated higher layer parameters configuring transmission in a set of symbols and dedicated higher layer parameters configuring reception in the set of symbols. A HD-UE does not expect to receive both a Type-0/0A/0B/1/2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and dedicated higher layer parameters configuring transmission in the set of symbols, except Type-2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and configured-grant based PUSCH transmission as described in clause 19.1 in the set of symbols for which case the UE follows the procedure as in clause 5.1B.2.6 in [10, TS 38.133]. The UE expects to be configured with a Type-2-PDCCH CSS set configuration for PDCCH reception such that there is at least one paging occasion that does not overlap with configured-grant based PUSCH transmission as described in clause 19.1 per SI modification period.



Therefore, we suggest to update the agreed RAN1 observation #1 as follows:
Proposal 2. RAN1 to revise the agreed observation as follows:
· To avoid the occurrence of error cases 3 and 4 between dedicated higher layer parameters configuring transmission and dedicated higher layer parameters configuring reception 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 the occurrence of error cases 3 and 4 between dedicated higher layer parameters configuring transmission and a Type-0/0A/0B/1/2-PDCCH CSS set configuration for PDCCH reception 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.
· Note: No specification enhancement on the maximum interruption in paging reception is expected in Rel-19 NTN.

Table 4. Clause 5.1B.2.6 in TS 38.133.
	5.1B.2.6	Maximum interruption in paging reception
The requirements in clause 4.2B.2.6 shall apply for RedCap UEs. 
For RedCap UE in HD-FDD mode, if paging occasions partially overlap with CG-SDT transmission, the UE is only required to monitor for SI change indication in any paging occasion at least once per modification period [2] during SDT if the initial downlink BWP on which the SDT procedure is ongoing is associated with a CD-SSB. 



CPU occupation with omitted CMR/IMR due to the HD prioritization rules
A UE reports its capability on the number of CSI processing units (CPUs) to the network according to the green highlighted parts in Table 5 and Table 6. It is noted that the reported number of CPUs in a CC can be “one” per the higher layer parameter simultaneousCSI-ReportsPerCC as captured in Table 6. Therefore, any impact on CPU occupation could be critical for such UEs with a single CPU, which is a practical assumption for RedCap or eRedCap UEs.
Table 5 shows definitions of start time of CPU occupation (yellow highlighted part in Table 5) and end time of CPU occupation (cyan highlighted part in Table 5). One or more receptions, measurements, or monitoring on the CSI-RS/CSI-IM/PDCCH can be omitted by HD prioritization rule and they cause the following issues to NTN HD UE:
1. Ambiguous start time of CPU occupation.
2. Large margin (longer than CSI-RS/CSI-IM period or PDCCH monitoring period, at least) on CPU occupation from network side.
3. Misunderstanding on the omitted CSI between network and UE.
Above issues are critical to NTN HD UE given that the CSI-RS/CSI-IM period or PDCCH monitoring period in NTN can be larger than that for TN scenarios, in general.

[bookmark: _Ref158971784]Table 5. Specification support on CPU occupation [5].
	The UE indicates the number of supported simultaneous CSI calculations  with parameter simultaneousCSI-ReportsPerCC in a component carrier, and simultaneousCSI-ReportsAllCC across all component carriers. If a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports.
…
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report and a semi-persistent CSI report on PUSCH configured with the higher layer parameter codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18') occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource, or each CSI-RS/CSI-IM resource associated with all configured sub-configurations for periodic CSI report corresponding to a CSI-ReportConfig that contains a list of sub-configurations provided by csi-ReportSubConfigList, or each CSI-RS/CSI-IM resource associated with all triggered sub-configurations for semi-persistent CSI report corresponding to a CSI-ReportConfig that contains a list of sub-configurations provided by csi-ReportSubConfigList, for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.
-	An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.
-	A semi-persistent CSI report on PUSCH configured with the higher layer parameter codebookType set to 'typeII-Doppler-r18' or 'typeII-Doppler-PortSelection-r18' occupies CPU(s) from the first symbol of KP-th latest consecutive periodic/semi-persistent CSI-RS occasions no later than CSI reference resource, until the last symbol of the PUSCH carrying the report, where the value of  is indicated by UE capability.



[bookmark: _Ref158971789]Table 6. Specification support on CPU occupation [6].
	CSI-ReportFramework ::=                         SEQUENCE {
    maxNumberPeriodicCSI-PerBWP-ForCSI-Report       INTEGER (1..4),
    maxNumberAperiodicCSI-PerBWP-ForCSI-Report      INTEGER (1..4),
    maxNumberSemiPersistentCSI-PerBWP-ForCSI-Report INTEGER (0..4),
    maxNumberPeriodicCSI-PerBWP-ForBeamReport       INTEGER (1..4),
    maxNumberAperiodicCSI-PerBWP-ForBeamReport      INTEGER (1..4),
    maxNumberAperiodicCSI-triggeringStatePerCC      ENUMERATED {n3, n7, n15, n31, n63, n128},
    maxNumberSemiPersistentCSI-PerBWP-ForBeamReport INTEGER (0..4),
    simultaneousCSI-ReportsPerCC                    INTEGER (1..8)
}

CA-ParametersNR-v1540 ::=           SEQUENCE {
    simultaneousSRS-AssocCSI-RS-AllCC                       INTEGER (5..32)         OPTIONAL,
    csi-RS-IM-ReceptionForFeedbackPerBandComb               SEQUENCE {
        maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC            INTEGER (1..64)     OPTIONAL,
        totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC     INTEGER (2..256)    OPTIONAL
    }                                                                               OPTIONAL,
    simultaneousCSI-ReportsAllCC                            INTEGER (5..32)         OPTIONAL,
    dualPA-Architecture                                     ENUMERATED {supported}  OPTIONAL
}


It is also noted that the available/desirable periodicity of CMR and IMR can be quite large value (e.g., 360 or 640 msec by [6]) and the effective/actual periodicity of valid CMR/IMR could be multiple of those (i.e., several seconds or tens of second).

Observation 1. One or more receptions, measurements, or monitoring on the CSI-RS/CSI-IM/PDCCH can be omitted by HD prioritization rule and they cause the following issues to NTN HD UE: 
· Ambiguous start time of CPU occupation.
· Large margin (longer than CSI-RS/CSI-IM/PDCCH monitoring period, i.e., multiples of 360 msec or 640 msec) on CPU occupation from network side.
· Misunderstanding on the omitted CSI between network and UE.

In summary, we think one of the possible interpretations on the legacy specification on CPU occupation for NTN HD UE should be concluded for clear understanding.

Proposal 3. RAN1 to conclude one of the following interpretations:
· Interpretation 1: NTN HD UE shall not take a CSI report into account for CPU occupation, if one or more CMRs/IMRs associated with the CSI report are not received.
· Interpretation 2: NTN HD UE shall not take a CSI report into account for CPU occupation, if all of CMRs/IMRs associated with the CSI report is not received.
· Interpretation 3: It is up to NTN HD UE whether or not to take a CSI report into account for CPU occupation, if one or more CMRs/IMRs associated with the CSI report are not received.
· Note: We think interpretation 3 would be the correct understanding with no further RAN1 conclusion/agreement.

CPU occupation with omitted PUCCH/PUSCH due to the HD prioritization rules
Table 5 shows definitions of start time of CPU occupation (yellow highlighted part in Table 5) and end time of CPU occupation (cyan highlighted part in Table 5). One or more PUCCH/PUSCH transmissions can be omitted by HD prioritization rule and they cause the following issues to NTN HD UE:
1. Ambiguous end time of CPU occupation.
2. Large margin (longer than PUCCH period, at least) on CPU occupation from network side or requires an additional CSI report triggering in case of PUSCH-based CSI report.
3. Misunderstanding on the omitted CSI between network and UE.
Above issues are critical to NTN HD UE given that the CSI report periodicity in NTN can be larger than that for TN scenarios, in general.

Observation 2. One or more PUCCH/PUSCH transmissions can be omitted by HD prioritization rule and they cause the following issues to NTN HD UE: 
· Ambiguous start time of CPU occupation.
· Large margin (longer than PUCCH period, i.e., multiples of 360 msec or 640 msec) on CPU occupation from network side or requires an additional CSI report triggering in case of PUSCH-based CSI report.
· Misunderstanding on the omitted CSI between network and UE.

[image: ]
[bookmark: _Ref162960364]Figure 1. Examples of missing CSI report due to HD prioritization rules.

Figure 1 shows examples of missing CSI report due to HD prioritization rules. In Figure 1, the orange line represents slant range (between LEO 600km and a UE with 1.5m height) and the corresponding propagation delay while the initial elevation angle is 30o at 0 second. Similarly, the blue line depicts slant range (between LEO 1200km and a UE with 1.5m height) and the corresponding propagation delay while the initial elevation angle is 30o at 0 second. In Figure 1, the black horizontal lines stand for potential boundaries of slots, i.e., the gap between two adjacent black lines is 1 msec. For instance, we can assume that the network allocates proper DL receptions and UL transmissions for LEO 1200 with HD UEs, which secure ZERO omission on CMR/IMR measurement or CSI report (marked as HD collision pattern #1 in Figure 1). However, this does NOT mean that such stainless collision handling will be automatically achieved, since there can be different HD collision cases (HD collision pattern #2 in Figure 1) due to the propagation delay variation. Given that such duration (HD collision pattern #2 in Figure 1) can be a quite long time period (e.g., tens of second), it is desirable to resolve the issue from missing CMR/IMR measurement due to HD prioritization rules. For example, the following could be clarified for CSI measurement and report of NTN HD UE:
· If one or more of the CSI-RS/CSI-IM/SSB occasions are omitted for NTN HD UE, the corresponding CSI report shall be omitted and the corresponding CPU occupation shall be released.
At least, we think one of the possible interpretations on the legacy specification on CPU occupation for NTN HD UE should be concluded for clear understanding.

Proposal 4. RAN1 to conclude one of the following interpretations:
· Interpretation 1: NTN HD UE shall release CPU occupation(s) for a CSI report at last symbol of the PUCCH/PUSCH carrying the report, if PUCCH/PUSCH for the CSI report is not transmitted.
· Interpretation 2: If PUCCH or PUSCH for a CSI report is not transmitted, NTN HD UE shall keep the CPU occupation(s) for the CSI report at last symbol of the next PUCCH/PUSCH carrying the report.
· Interpretation 3: It is up to NTN HD UE whether or not to release/keep CPU occupation of a CSI report, if the PUCCH/PUSCH carrying the report is not transmitted.
· Note: We think interpretation 3 would be the correct understanding with no further RAN1 conclusion/agreement.

It is noted that the mean and standard deviation values of basic pathloss for NTN UE can vary significantly within a dwell time, as captured by Table 7 (larger than 20dB gap between elevation angles of 30o and 90o, which can be converted into multiple steps of CQI/MCS indexes).

[bookmark: _Ref162968248]Table 7. Basic pathloss (Eq. 6.6-4 in [7]) for LEO 600km
	
	Elevation angle
	Slant range
	
	

	LEO 600
	30o
	1075 km
	176.56 dB
	17.25

	
	90o
	600 km
	154.52 dB
	3.90



HARQ-disabled PDSCH for HD UEs
Table 8 shows the existing specification support on HARQ-disabled PDSCH for NTN in TS 38.214 [5]. As in Table 8, when HARQ feedback for the HARQ process ID is disabled, the network shall guarantee a gap of larger than  between one PDSCH and the other PDSCH for that HARQ process. In case of HD UE in NTN, however, there could be an exception that reception of the former PDSCH is omitted due to the HD priority rule. Since  can span multiple slots, we think it should be clarified that the current scheduling gap of  between one PDSCH and the other PDSCH for HARQ-disabled HARQ process is not applied when the reception of the former PDSCH is omitted due to the HD priority rule.

[bookmark: _Ref158963007]Table 8. Specification support on HARQ-disabled PDSCH for NTN [5].
	When HARQ feedback for the HARQ process ID is disabled, the UE is not expected to receive another PDCCH carrying a DCI scheduling a PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process or to receive another PDSCH without corresponding PDCCH for the given HARQ process that starts until Tproc,1 after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.



Observation 3. The current scheduling gap of Tproc,1 between one PDSCH and the other PDSCH for HARQ-disabled HARQ process is not needed, when the reception of the former PDSCH is omitted due to the HD priority rule. 

Conclusion
In this contribution, ETRI’s views on NTN HD UEs were shown and the following observations and proposals were made:
Observation 1. One or more receptions, measurements, or monitoring on the CSI-RS/CSI-IM/PDCCH can be omitted by HD prioritization rule and they cause the following issues to NTN HD UE: 
· Ambiguous start time of CPU occupation.
· Large margin (longer than CSI-RS/CSI-IM/PDCCH monitoring period, i.e., multiples of 360 msec or 640 msec) on CPU occupation from network side.
· Misunderstanding on the omitted CSI between network and UE.
Observation 2. One or more PUCCH/PUSCH transmissions can be omitted by HD prioritization rule and they cause the following issues to NTN HD UE: 
· Ambiguous start time of CPU occupation.
· Large margin (longer than PUCCH period, i.e., multiples of 360 msec or 640 msec) on CPU occupation from network side or requires an additional CSI report triggering in case of PUSCH-based CSI report.
· Misunderstanding on the omitted CSI between network and UE.
Observation 3. The current scheduling gap of Tproc,1 between one PDSCH and the other PDSCH for HARQ-disabled HARQ process is not needed, when the reception of the former PDSCH is omitted due to the HD priority rule. 

Proposal 1. RAN1 to consider introducing finer granularity than 1 msec for TA report MAC CE.
· FFS, required TA report granularities per NTN payload type, SCS, etc.
Proposal 2. RAN1 to revise the agreed observation as follows:
· To avoid the occurrence of error cases 3 and 4 between dedicated higher layer parameters configuring transmission and dedicated higher layer parameters configuring reception 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 the occurrence of error cases 3 and 4 between dedicated higher layer parameters configuring transmission and a Type-0/0A/0B/1/2-PDCCH CSS set configuration for PDCCH reception 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.
· Note: No specification enhancement on the maximum interruption in paging reception is expected in Rel-19 NTN.
Proposal 3. RAN1 to conclude one of the following interpretations:
· Interpretation 1: NTN HD UE shall not take a CSI report into account for CPU occupation(s), if one or more CMRs/IMRs associated with the CSI report are not received.
· Interpretation 2: NTN HD UE shall not take a CSI report into account for CPU occupation(s), if all of CMRs/IMRs associated with the CSI report is not received.
· Interpretation 3: It is up to NTN HD UE whether or not to take a CSI report into account for CPU occupation(s), if one or more CMRs/IMRs associated with the CSI report are not received.
· Note: We think interpretation 3 would be the correct understanding with no further RAN1 conclusion/agreement.
Proposal 4. RAN1 to conclude one of the following interpretations:
· Interpretation 1: NTN HD UE shall release CPU occupation(s) for a CSI report at last symbol of the PUCCH/PUSCH carrying the report, if PUCCH/PUSCH for the CSI report is not transmitted.
· Interpretation 2: If PUCCH or PUSCH for a CSI report is not transmitted, NTN HD UE shall keep the CPU occupation(s) for the CSI report at last symbol of the next PUCCH/PUSCH carrying the report.
· Interpretation 3: It is up to NTN HD UE whether or not to release/keep CPU occupation(s) of a CSI report, if the PUCCH/PUSCH carrying the report is not transmitted.
· Note: We think interpretation 3 would be the correct understanding with no further RAN1 conclusion/agreement.
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