[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #117	R1-2405058
Fukuoka, Japan, May 20th – 24th, 2024

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Discussion on support of RedCap and eRedCap UEs in FR1-NTN
[bookmark: Source]Agenda Item:	9.11.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
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 [2] and the RAN1#116bis meeting [3], the following agreement and observations were reached for this agenda item.
	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.

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. 

Observation
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. 

Observation
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.



2. Discussions
2.1. Whether enhancement is necessary or not
HD-FDD UE was defined in R17 RedCap WI. The corresponding UE behavior can be found in 17.2 of 38.213. The specified rules can be summarized as below:
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Fig. 1: HD-FDD UE behavior in the existing specification
Based on these rules, the three observations were made at the last meeting. Then, our further views are as follows:
· For any situation defined as error case, basically such a situation shall be avoided by NW side. Otherwise, UE could do anything, which may make system performance degraded. The first agreed observation is inevitable in the current specification. Regarding whether this problem is critical or not, we believe that the answer is YES. The max delta of UE-specific TA in a cell will be several slots, e.g., 5 ~ 10 slots. Assuming DL slot aggregations and UL repetitions are performed in typical situation, it is not practical for NW to avoid scheduling during such a large number of slots. 
· For cases 1/2/5/6, it may be argued that collision avoidance is not essential since there are overlap handling rules for these cases and system can work. However at least in cases 1/2, BLER/throughput performance loss due to overlap may be large in consideration of typically applying both UL repetitions and DL aggregations. Quite large number of overlaps could occur, and DL/UL drop leads to the performance loss. 
· For issues involved with misunderstanding b/w gNB and UE, at least different actual TDW determination will lead to BLER/throughput performance loss since whole reception/decoding at gNB will be failed if different actual TDW is assumed at gNB side. Channel estimation does not work in the situation. Although some companies may argue that 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, it should be noted that resource efficiency/flexibility will degrade and much more frequent RRC reconfiguration may be required for configured TX/RX case.
Thus, we submit the proposal below.
Proposal 1:
· For HD-FDD RedCap/eRedCap UE, conclude that enhancement for the following is introduced in R19 NTN. It is noted that specified mechanism may bring good results in other cases/issues that are not listed below.
· Case 3 and Case 4 that are defined as error case
· Case 1 and Case 2 for efficient collision avoidance
· Different actual TDW determination at gNB and UE when colliding with DL


2.2. Potential solutions
For the solution, firstly a new prioritization rule for Case 3 and Case 4 should be defined. Even if some enhancement to obtain more accurate TA value is introduced, it may not be applicable to all UEs in any timing. Not to face error cases in NTN, anyhow such an overlap should be allowed. For example, fixed prioritization can be defined, or changeable prioritization based on NW configuration/indication is also a candidate. Detailed rule should be discussed after update of the WID.
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Fig. 2: Potential enhancement #1 – defining a concrete UE behavior instead of error case.
Secondly, new mechanism for gNB to obtain more accurate TA value should be introduced so that NW can avoid overlapping cases with less time margin for a gap between a reported TA value and the actual TA value. As Option 1, TA report can be updated, e.g., report with finer granularity, more frequent report, etc. This option attempts to know accurate TA values in any timing. Meanwhile, Option 2 could be to define report of overlap occurrence. Only when gNB uses wrong TA value leading to overlap, the fact of overlap at UE side is reported to gNB, e.g., via SR-like resource, and gNB can know necessity to re-acquire TA value. Then, TA report may be triggered. Option 2 is beneficial to avoid frequent TA report that may occur in Option 1. It is noted that this kind of mechanisms will be a solution for cases 1/2/3/4 and the DMRS bundling issue.
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Fig. 3: Potential enhancement #2 – Report of overlap occurrence.
Thirdly, DMRS bundling-specific mechanism is also necessary. As abovementioned for Case 3 and Case 4, perfect overlap avoidance by gNB scheduler is not realistic and how to handle DL/UL overlap in DMRS bundling should be discussed/enhanced. One possibility is that UL transmission is always prioritized in any case when DMRS bundling is applied, so that an event due to UL drop is avoided. Another possibility is that UE indicates at the beginning of UL repetitions when the event occurs. The information can be multiplexed, e.g., as HARQ-ACK multiplexing on PUSCH. gNB decodes the information first regardless of DMRS bundling, then knows whether/when the event occurs, and finally the UL repetitions with DMRS bundling are decoded as per actual TDWs determined by the event.
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Fig. 4: Potential enhancement #3 – Special UE behavior for DMRS bundling.
At least in this meeting, the following kind of proposals can be considered for the WID update in the upcoming RAN plenary meeting.
Proposal 2:
· For HD-FDD RedCap/eRedCap UE,
· Define TX/RX prioritization rule for Case 3 and Case 4. Case 3 and Case 4 are not treated as error case.
· E.g., fixed TX/RX prioritization, TX/RX prioritization based on gNB configuration/indication, etc.
Proposal 3:
· For HD-FDD RedCap/eRedCap UE,
· Define information report relative to DL/UL overlap, e.g., 
· Option 1: TA report enhancement, e.g., report with finer granularity, frequent report, etc.
· Option 2: Report of overlap occurrence.
Proposal 4:
· For HD-FDD RedCap/eRedCap UE,
· Define new mechanism to achieve the same understanding of actual TDWs between gNB and UE, e.g.,
· Option 1: New TX/RX prioritization rule, e.g., prioritizing UL in any case if DMRS bundling is applied to the UL.
· Option 2: Event indication from UE, e.g., information on when an event occur is multiplexed at the beginning of the UL.


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 to consider the following two issues as important aspects to support practically RedCap/eRedCap UEs in NTN.
· Repetition-related parameters
Repetition-related parameters commonly configured b/w both non-RedCap UE and RedCap/eRedCap UE may not be desirable. These parameters include 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 1:
· 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 2:
· 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: 
Proposal 1:
· For HD-FDD RedCap/eRedCap UE, conclude that enhancement for the following is introduced in R19 NTN. It is noted that specified mechanism may bring good results in other cases/issues that are not listed below.
· Case 3 and Case 4 that are defined as error case
· Case 1 and Case 2 for efficient collision avoidance
· Different actual TDW determination at gNB and UE when colliding with DL
Proposal 2:
· For HD-FDD RedCap/eRedCap UE,
· Define TX/RX prioritization rule for Case 3 and Case 4. Case 3 and Case 4 are not treated as error case.
· E.g., fixed TX/RX prioritization, TX/RX prioritization based on gNB configuration/indication, etc.
Proposal 3:
· For HD-FDD RedCap/eRedCap UE,
· Define information report relative to DL/UL overlap, e.g., 
· Option 1: TA report enhancement, e.g., report with finer granularity, frequent report, etc.
· Option 2: Report of overlap occurrence.
Proposal 4:
· For HD-FDD RedCap/eRedCap UE,
· Define new mechanism to achieve the same understanding of actual TDWs between gNB and UE, e.g.,
· Option 1: New TX/RX prioritization rule, e.g., prioritizing UL in any case if DMRS bundling is applied to the UL.
· Option 2: Event indication from UE, e.g., information on when an event occur is multiplexed at the beginning of the UL.
Observation 1:
· 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 2:
· It seems that it is better to discuss whether/how to enhance capacity of common PUCCH for RedCap/eRedCap UE.
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