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1 Introduction
[bookmark: _Hlk145277988]In RAN1#116, it was discussed on candidate scenarios for (e)RedCap HD-FDD. The following agreement was reached. This contribution discusses focusing on which scenario(s) needs essential changes.

	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 Discussion
HD collision rules
In RAN1#116, the following cases are identified as existing rules for handling HD collisions.
· 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
For Cases 1, 2, 5, and 7, there are clear UE behaviors when overlapping occurs in the current specification although the gNB and UE may have different assumptions on the applied TA value. From the UE side, the UE would prioritize either uplink transmission or downlink reception based on the existing rule considering the timeline requirement with applying the TA value. From the gNB side, the gNB does not know which exact TA value the UE is applying. It can be easily avoided by gNB implementation by considering the range between the minimum TA value and the maximum TA value that the UE could apply based on TA reporting. However, it results in inefficient resource utilization. For example, figure 1 illustrates an example of explaining the ambiguity issue in Case 2. The UE does not receive the semi-static downlink channel while transmitting the dynamic scheduled uplink channel. In Figure 1, the following assumptions are considered.
1. UE 1 and UE 2 provide 2ms to the gNB as the TA reporting value. For the actual TA reporting value, 2ms is for UE 1 and 1.01ms for UE 2. 
2. The gNB provides PDCCH in slot n-3 that schedules PUSCH transmitted in slot n+2. 	
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Figure 1. The example of explaining ambiguity on overlapping between DL and UL

Since the gNB only knows the TA reporting value of 2ms from both UEs, it does not know the exact TA value applied by those UEs. Therefore, due to the restrictions of Case 2, it is not possible for the gNB to schedule PDCCH in slots n and n+1. If the gNB transmits PDCCH in slot n assuming that the UE's actual TA value is 2ms, the UE will not receive PDCCH because the PDCCH provided in DL slot n overlaps with the PUSCH transmitted in UL slot n+2. Similarly, the UE will not receive PDCCH if the gNB transmits PDCCH in slot n+1 assuming that the UE's actual TA value is 1.01ms because the PDCCH provided in DL slot n+1 overlaps with the PUSCH transmitted in UL slot n+2. As a result, scheduling delays occur, and the gNB cannot efficiently utilize DL resources. 
For cases 4 and 7, these are specified in the current specification as "the UE does not expect~". This means that overlapping/collisions due to cases 4 and 7 should be avoided by gNB implementation since there is no specific UE behavior, such as prioritizing one channel over the other channel. However, similar to previous cases, the gNB can avoid the overlapping/collision, though there would be an inefficient resource utilization considering the possible value range due to TA mismatch.
Conclusion 1: Cases 1, 2, 5 and 6 could be reused in NTN because current UE behavior is clear. However, it is likely that gNB uses resources inefficiently. 
Conclusion 2: Cases 4 and 7 could be reused in NTN by proper gNB implementation. However, it is likely that gNB uses resources inefficiently. 
Conclusion 3: For cases 1, 2, 4, 5, 6 and 7, gNB can utilize resource more efficiently if TA granularity is improved. 

[image: ]
Figure 2. The example of explaining an issue for case 3. 

For Case 3, it has been specified as "UE does not expect~". Thus, potential overlapping/collision due to Case 3 should be avoided by the gNB. However, especially in LEO/MEO, it is very difficult for the gNB to avoid the overlapping/collision. For example, Figure 2 explains an issue that the gNB cannot handle. It is assumed that the gNB configures PDCCH monitoring occasions in every 2 slots, and the gNB configures CG PUSCH in every 2 slots. Depending on the distance between the satellite and the UE, the overlapping between PDCCH and CG PUSCH may or may not occur in time. It is noted that PDCCH and CG PUSCH are semi-static configurations and cannot be dynamically changed. However, from the gNB side, it is very challenging to configure PDCCH and CG PUSCH simultaneously considering satellite altitude changes as well as TA mismatches. Therefore, Case 3 should be updated for NTN because it is not practical implementable.
Conclusion 4: Cases 3 is not workable in NTN (especially LEO) regardless of TA mismatch impact. 

With the above analysis, Case 3 should be enhanced for NTN. A possible solution would be either prioritizing one way or the other way instead of putting an error case. Furthermore, considering less granularity of TA reporting seems beneficial to improve resource efficiency from the network side.
Proposal 1: Support NTN-specific enhancement(s) for case 3. 
Proposal 2: Consider new granularity of TA reporting in order to avoid TA mismatch between gNB and UE.

HD related other collision rules
	In RAN1#116-bits, following cases are captured in the agreement on whether to consider further enhancement. 
· 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

For SIB19 reception colliding with UL transmission, considering that SIB19 is included in PDSCH which is scheduled by DCI, if UL transmission is provided by DCI, then it is an error case in the current specification. If UL transmission is provided by higher layer signaling, then the UE prioritizes either the downlink channel or the uplink channel depending on the processing timeline. Accordingly, the gNB can handle this collision case, although the gNB could not use resources efficiently. For slot counting, invalid symbol determination, and actual TDW determination, similar to the previous case, it is understood that the gNB can handle this collision case, although the gNB could not use resources efficiently. gNB can selectively combine PUSCH repetitions which are transmitted from UE within non-ambiguity period that gNB can ensure regardless of TA mismatch. For example, UE would transmits PUSCH repetition over slots 1 ~ 20. Then, it is assumed that slots 5~7 are ambiguity period from gNB side due to TA mismatch. Then, it is possible that gNB does not combine those PUSCH resources scheduled in slots 5~7 because it is likely that UE would drop due to overlapping with other channels. With this approach, gNB can handle the issue by implementation. However, it is noted that all potential issues in the list can be addressed if considering a new granularity that has a smaller value for TA reporting. Therefore, it does not need to consider different enhancements for each case.
Proposal 3: Consider unified enhancement for other specific cases if necessary.


Conclusion
[bookmark: _GoBack]This contribution discussed on potential issues for RedCap/eRedCap UEs in NTN. Followings are conclusions and proposals in this contribution. 
Conclusion 1: Cases 1, 2, 5 and 6 could be reused in NTN because current UE behavior is clear. However, it is likely that gNB uses resources inefficiently. 
Conclusion 2: Cases 4 and 7 could be reused in NTN by proper gNB implementation. However, it is likely that gNB uses resources inefficiently. 
Conclusion 3: For cases 1, 2, 4, 5, 6 and 7, gNB can utilize resource more efficiently if TA granularity is improved. 
Conclusion 4: Cases 3 is not workable in NTN (especially LEO) regardless of TA mismatch impact. 

Proposal 1: Support NTN-specific enhancement(s) for case 3. 
Proposal 2: Consider new granularity of TA reporting in order to avoid TA mismatch between gNB and UE.
Proposal 3: Consider unified enhancement for other specific cases if necessary.
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