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1. Introduction
At the RAN#102 meeting [1], the new WI for NR-NTN was endorsed for R19. In the WID, RedCap/eRedCap UE support is included as below and RAN1 is tasked with checking whether enhancements to support HD-FDD operation is necessary or not. In this contribution, we share our further views for support of RedCap/eRedCap UEs in FR1-NTN.
	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.


At the RAN1#116 meeting, the following agreement was reached for this agenda item [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.



2. Discussions
2.1. HD-FDD operation in TN
HD-FDD UE was defined in R17 RedCap WI. The corresponding UE behavior can be found in 17.2 of 38.213. The specified rule can be summarized as below:
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Fig. 1: HD-FDD UE behavior in the existing specification
All possible patterns of overlap b/w DL channel/signal reception behavior and UL channel/signal transmission behavior, including insufficient processing time for TX/RX switching, are considered carefully and prioritization rule is defined for most cases. Meanwhile, Case 3 and Case 4 are treated as error cases, which means that NW scheduler should handle these cases. 
There is no valid case where gNB schedules TX/RX as in Case 3 or Case 3 and thus it is straightforward to avoid the cases by gNB scheduler.
Observation 1:
· There are cases in TN where RedCap/eRedCap UEs do not assume TX/RX overlap (i.e., Case 3 and Case 4) and thereby NW schedular in TN avoids the situations.

2.2. HD-FDD operation in NTN
2.2.1. Whether enhancement is necessary or not
On the other hand, situation in NTN is different. NW cannot be aware of TX/RX overlap at each RedCap/eRedCap UE accurately since TA value is determined by UE based on its location information and satellite ephemeris. An example situation can be illustrated as below. 
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Fig. 2: PUCCH corresponding to a SPS PDSCH vs another SPS PDSCH
The following arguments from companies may be assumed, but it seems that the counterargument for each as below is reasonable. 
· 1) gNB can provide appropriate scheduling without the TX/RX overlap. The legacy TA command and TA value report defined in R17 NTN can be used for the purpose.
 Although TA value can be controlled by TA command from gNB, it does not mean the exact TX timing is known at gNB side. Besides, R17 TA report does not mean that gNB knows exact TA value anytime in the R17 TA report.
· 2) Frequent TA report in the existing specification is applicable so that gNB can provide appropriate scheduling without the TX/RX overlap.
 RedCap/eRedCap UEs will perform repetitions in typical situations and thus frequent TA report is not preferable from perspectives of resource efficiency and UE energy saving.
· 3) Rough TA information can be used in gNB scheduler with a certain time margin in consideration of gap b/w a reported TA value and the actual TA value. That is, gNB scheduler considers a certain time margin to avoid potential TX/RX overlap.
 Although this may be a possible way, resource efficiency/flexibility will degrade, and much more frequent RRC reconfiguration may be required for configured TX/RX case.
Observation 2:
· It should be assumed that gNB does not know when DL/UL overlap at UE side will occur and will not occur.
· It is impossible to avoid efficiently TX/RX overlap by the existing specification and/or NW implementation.

Then, whether there is a problem for each situation can be discussed under this assumption.
Cases 1/2/5/6/7
Basically Cases 1/2/5/6/7 will not lead to problem. When TX/RX overlap occurs at RedCap/eRedCap UEs in NTN, the same prioritization behavior as in R17/18 specs can be applied unless critical issues are found such as listed in the agreement.
Case 3 and Case 4
On the other hand, Case 3 and Case 4 are definitely not workable. TX/RX overlap is inevitable in NTN as discussed above, and thus enhancements for Case 3 and Case 4 are necessary.
SIB19 RX vs UL TX
SIB19 RX contains important information to maintain connection in NTN. When UE intends to receive SIB19 based on validity duration of satellite ephemeris and common TA parameters, the reception should not be deprioritized over other UL transmission. Specification should make prioritizing SIB19 RX possible.
Slot counting for UL rep vs SSB RX
For PUSCH case, there are two rules of slot counting of PUSCH repetitions. If AvailableSlotCounting is provided, cancelled UL transmission is not counted as one of PUSCH repetitions and thus one more repetition is transmitted by the UE. The additional TX may not be intended by gNB scheduler and thus resource collision with other UE may occur. However, if AvailableSlotCounting is not provided, this issue does not happen. In other words, PUSCH slot counting may not have problem by avoiding configuring this parameter.
For PUCCH case, the current specification does not consider UL cancellation in FDD case. PUCCH slot counting does not have problem.
Invalid symbol determination for PUSCH repetition type B
In the first place, we do not see any motivation to apply repetition type B rather than repetition type A. 14-symbol PUSCH should be repeated in coverage-limit scenario and thus type A is sufficient.
Actual TDW determination
We believe that some enhancement on this issue is necessary. For actual TDW determination of DMRS bundling, there are several rules to determine ‘event’. When an event occurs, a nominal TDW is divided into separate two actual TDWs. For HD-FDD RedCap/eRedCap UE, UL cancellation due to overlap between TX and RX is defined as an event, and it works since gNB and UE have the same understanding of the cancellation. However, it is not the case in NTN as discussed above. UE performs DMRS bundling with separate two actual TDWs but gNB may assume only a single actual TDW. In this case, PUSCH decoding at gNB side does not work well.
CPU occupation
Although this is included in the agreement, intention is unclear and further clarification should be provided.
Proposal 1:
· For HD-FDD RedCap/eRedCap UE,
· Introduce enhancement for the following.
· Case 3, Case 4
· SIB19 reception collides with UL transmission 
· Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling 
· For slot counting of PUSCH repetitions, UE assumes AvailableSlotCounting is not provided.
Proposal 2:
· For HD-FDD RedCap/eRedCap UE, no enhancement is necessary for the following.
· Case 1, Case 2, Case 5, Case 6, Case 7
· Slot counting for UL repetition transmission colliding with SSB reception
· Invalid symbol determination for PUSCH repetition type B

2.2.2. Potential solutions
For the solution, the following three mechanisms may be possible options. Further discussion is necessary, while the first one may be more reasonable.
Proposal 3:
· For HD-FDD RedCap/eRedCap UEs in FR1-NTN, discuss at least the following options for enhancement.
· Opt. 1: Define new TX/RX prioritization rule.
· Opt. 2: Define report of overlap occurrence.
· Opt. 3: Enhance TA report.

2.3. Other issues for RedCap/eRedCap UEs in NTN
Although HD-FDD is the only topic in the current R19 NR NTN WID, it may be valid that the following two issues are important aspects to support practically RedCap/eRedCap UEs in NTN.
· Repetition-related parameters
Repetition-related parameter commonly configured b/w both non-RedCap UE and RedCap/eRedCap UE may not be desirable. For example, PUCCH repetition-related parameters (repetition factor, RSRP threshold) introduced in R18. For another example, PDSCH aggregation-related parameters that may be introduced in R19.
Observation 3:
· It seems that it is better to discuss whether/how to define repetition-related parameters separately b/w non-RedCap UE and RedCap/eRedCap UE.
· Whether enh is necessary or not is also dependent on R18/19 spec for repetition related parameter.

· Capacity of common PUCCH resources
Capacity of common PUCCH for RedCap/eRedCap UE may be insufficient. Each PUCCH TX would be performed with repetition due to coverage issue as discussed in R18 NR NTN WI. Meanwhile, in the current specification, only 16 UEs as max can use common PUCCH resources simultaneously in several slots. This issue would be valid for normal handheld UEs, but more critical for RedCap/eRedCap UEs since much more UEs will exist in an NTN-cell.
Observation 4:
· It seems that it is better to discuss whether/how to enhance capacity of common PUCCH for RedCap/eRedCap UE.

3. Conclusion
In this contribution, we discussed support of RedCap/eRedCap UEs in FR1-NTN. Observations/Proposals are summarized as following: 
Observation 1:
· There are cases in TN where RedCap/eRedCap UEs do not assume TX/RX overlap (i.e., Case 3 and Case 4) and thereby NW schedular in TN avoids the situations.
Observation 2:
· It should be assumed that gNB does not know when DL/UL overlap at UE side will occur and will not occur.
· It is impossible to avoid efficiently TX/RX overlap by the existing specification and/or NW implementation.
Proposal 1:
· For HD-FDD RedCap/eRedCap UE,
· Introduce enhancement for the following.
· Case 3, Case 4
· SIB19 reception collides with UL transmission 
· Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling 
· For slot counting of PUSCH repetitions, UE assumes AvailableSlotCounting is not provided.
Proposal 2:
· For HD-FDD RedCap/eRedCap UE, no enhancement is necessary for the following.
· Case 1, Case 2, Case 5, Case 6, Case 7
· Slot counting for UL repetition transmission colliding with SSB reception
· Invalid symbol determination for PUSCH repetition type B
Proposal 3:
· For HD-FDD RedCap/eRedCap UEs in FR1-NTN, discuss at least the following options for enhancement.
· Opt. 1: Define new TX/RX prioritization rule.
· Opt. 2: Define report of overlap occurrence.
· Opt. 3: Enhance TA report.
Observation 3:
· It seems that it is better to discuss whether/how to define repetition-related parameters separately b/w non-RedCap UE and RedCap/eRedCap UE.
· Whether enh is necessary or not is also dependent on R18/19 spec for repetition related parameter.
Observation 4:
· It seems that it is better to discuss whether/how to enhance capacity of common PUCCH for RedCap/eRedCap UE.
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