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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In the RAN1 #116 meeting [1-2], the following agreements were achieved for the Support of RedCap and eRedCap UEs with NR NTN operating in FR1-NTN bands as follows:
	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.




In this contribution, we further discuss the HD-FDD RedCap UE with NR NTN operating in FR1-NTN bands.
Discussion 
Impact of TA mismatch on following cases
[bookmark: OLE_LINK6]For NTN UE, common TA and UE-specific TA are introduced to maintain UL synchronization. UE-specific TA is estimated by the UE based on its GNSS-acquired position with the serving satellite ephemeris, which is changed with the satellite's fast-moving. Although the TA value can be controlled by the TA command from gNB, it does not mean the exact TX timing is known on the gNB side. Considering the TA mismatch between the actual TA used by UE and the assumed TA at the gNB based on the available TA report, we discuss the impact on the following cases separately.
2.1.1 For Case 1
[bookmark: OLE_LINK4]The collision rule is reused from the existing collision handling principles in Rel-15/16 NR. More specifically, when the dynamic scheduled transmission is a DL transmission while the semi-static configured transmission is a UL transmission, the UE should decide the transmission based on the UE capability and the gap between the DL transmission and UL transmission as specified. In our view, the Rel-17 Redcap defined priority rule can be reused as a baseline. However, due to the TA mismatch, there may be inconsistent understanding between gNB and UE, as shown in Fig.1.


Fig. 1 An example of Case 1 in NTN
Observation 1: TA misalignment may result in a different understanding between gNB and UE in Case 1.
To address the above issue, at least the following two potential solutions can be considered:
· Potential Solution 1: Leave it to gNB implementation, i.e., consider the above inconsistent understanding as packet loss and wait for the subsequent transmission occasion.
· 


Potential Solution 2: Enhance . Avoid the above situation by increasing  with taking  into consideration.
Proposal 1: To address the inconsistent understanding between gNB and UE in Case 1, at least the following two potential solutions can be considered.
· Potential Solution 1: Leave it to gNB implementation, i.e., consider the above inconsistent understanding as packet loss and wait for the subsequent transmission occasion.
· 


Potential Solution 2: Enhance . Avoid the above situation by increasing  with taking  into consideration.
2.1.2 For Case 2
The collision rule defined in Rel-17 is “Reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum.”, wherein the dynamic scheduled transmission is preferred. In our view, the Rel-17 Redcap defined priority rule can be reused as a baseline. Due to the TA mismatch, there also may be inconsistent understanding between gNB and UE, as shown in Fig.2.


Fig. 2 An example of Case 2 in NTN
Observation 2: TA misalignment may result in a different understanding between gNB and UE in Case 2.
When the above situation occurs, at least the following two potential solutions can be considered:
· Potential Solution 1: Cancel reception of configured DL as defined in Rel-17 Redcap, without any updates.
· 
Potential Solution 2: Rely on gNB implementation. Avoid the above situation by increasing the gap with taking  into consideration.
Potential Solution 1 doesn't impact UL transmission; on the contrary, although Potential Solution 2 avoids inconsistent understanding, it prolongs the waiting time for UL transmission. Besides, the occasional loss of reception of configured DL is tolerable. In this context, we think Potential Solution 1 should be prioritized.
Proposal 2: To address the inconsistent understanding between gNB and UE in Case 2, at least the following two potential solutions can be considered.
· Potential Solution 1: Cancel reception of configured DL as defined in Rel-17 Redcap, without any updates.
· 
Potential Solution 2: Rely on gNB implementation. Avoid the above situation by increasing the gap with taking  into consideration.
2.1.3 For Case 3 and Case 4
Rel-17/ Rel-18 HD-FDD UE assumes it’s the error configuration and is basically resolved by relying on the gNB’s implementation. In the NTN scenario, there might be a significant misalignment between the actual DL and UL timing at the UE side, and gNB may not know the accurate UE-specific TA. Therefore, gNB may not be able to avoid the DL and UL collision via scheduling. In our view, the Rel-17 Redcap defined priority rule should be updated by specifying an additional rule.
Error cases in case 3 and case 4, as well as potential solutions, will be discussed in 2.2.
2.1.4 For Case 5
For this case, the collision rule is as follows, which would make sense to reuse as a baseline.
UE does not transmit PRACH, PUSCH, or PUCCH if any symbol overlaps with the SSB symbols. UE does not transmit SRS on the symbols overlapping with SSB symbols.
2.1.5 For Case 6
[bookmark: OLE_LINK1]In this scenario, the collision resolution is typically left to the UE implementation, which we think can be reused as a baseline.
Proposal 3: The collision rules defined for at least Cases 1, 2, 5, and 6 in Rel-17 RedCap can be reused as a baseline, while existing handling rules should be updated for Cases 3 and 4.
2.2  Other potential issues
2.2.1 Error cases in Case 3 and Case 4
gNB may not be able to avoid the DL and UL collision via scheduling due to the TA mismatch, as shown in Fig.3.


Fig. 3 Error cases in Case 3 and Case 4
Enhancing the TA report may be a potential solution for solving error cases in Cases 3 and 4. At least the following potential solutions can be considered:
· 
Potential Solution 1: No enhancement. Leave it to gNB implementation (e.g., considering  or offsetThresholdTA).
· Potential Solution 2: Support smaller granularity of the TA report (e.g., a symbol duration).
· Potential Solution 3: UE reports additional information to gNB.

More specifically, in Potential Solution 1, conservative scheduling of gNB can reduce the collision probability, as well as result in a waste of resources, especially in the scenario where , or offsetThresholdTA, or the largest potential TA is large. Potential Solution 2 and 3 will introduce more signalling overhead mainly when TA frequently changes; too frequent TA reports are not preferable from the perspective of resource efficiency. Thus, the granularity of the TA report may need to be further considered.
The NGSO scenario will have high dynamics in the timing advance domain due to satellite movement, while the GSO case would experience large values for the RTT. Considering the difference between GSO and NGSO, the solutions with high priority may be different.
Proposal 4: At least the following three potential solutions can be considered for error cases in Case 3 and Case 4. The granularity of the TA report and scheduling of gNB need to be further considered.
· 
Potential Solution 1: No enhancement. Leave it to gNB implementation (e.g., considering  or offsetThresholdTA).
· Potential Solution 2: Support smaller granularity of the TA report (e.g., a symbol duration).
· Potential Solution 3: UE reports additional information to gNB.
Proposal 5: Potential Solution 1 should be deprioritized in GSO, while Potential Solution 2 should be deprioritized in NGSO.
2.2.2 SIB19 reception collides with UL transmission
As shown in [3], whenever a collision occurs, the UE may opt to halt the transmission of voice and/or forego the reception of SIB19 based on the established collision rules. Collisions have the potential to result in poor voice quality and missed opportunities to access SIB19. 
For this case, at least the following two potential collision rules can be considered:
· Potential collision rule 1: Prioritize the reception of SIB19.
· Potential collision rule 2: It’s up to UE to decide the transmission based on the UE capability and the gap between the DL transmission and UL transmission as specified
Proposal 6: At least the above two potential collision rules can be considered when SIB19 reception collides with UL transmission.
2.2.3 DMRS bundling-related operation
In Rel-17 coverage enhancement, UL transmission with DMRS bundling was specified to enable joint channel estimation in order to improve UL coverage. The basic framework & procedure of DMRS bundling-related operation are summarized as follows:
Step.1. When DMRS bundling is enabled, UE determines one or multiple nominal TDWs, where the the duration of each nominal TDW except the last nominal TDW, in number of consecutive slots and given by pusch-TimeDomainWindowLength/pucch-TimeDomainWindowLength or computed as min (maxDurationDMRS-Bundling, M) if the TDW length is not configured.
Step.2-1. UE determines one or multiple actual TDWs within each nominal TDW, where the start of the first actual TDW is the first symbols of the first UL transmission and the end of an actual TDW is the last symbol of the last UL transmission or the last symbol before the event.
Step.2-2. If pusch-WindowRestart/pucch-WindowRestart is enabled, a new actual TDW within the nominal TDW is generated and start after the event.
The previous mentioned events will cause power consistency and phase continuity not to be maintained across UL transmissions and are defined in Section 6.1.7 of TS 38.214 as follows:
		For reduced capability half-duplex UEs, 
-	a dropping or cancellation of a PUSCH or PUCCH transmission according to clause 17.2 of [6, TS 38.213] or
-	an overlapping of the gap between two consecutive PUSCH or two consecutive PUCCH transmissions and any symbol of downlink reception or downlink monitoring



As illustration in Fig.4, assuming 8 PUSCH transmission and the time domain window length is configured as 4 UL slots, and a event occurs at UL #1 from gNB perspective, but it actually occurs at UL #5 due to TA misalignment between NW and UE. Then, the determined A-TDW between NW and UW will be different. At gNB side, it’ll perform joint channel estimation within #2~#3 and #4~#7; while at UE side, it will maintain phase continuity and power consistence within #0~#3 and #6~#7. This misalignment will cause performance degradation of joint channel estimation. Thus, from our perspective, we think enhancement is needed to deal with this issue.


Fig. 4 Illustration of different understanding of A-TDW between NW and UE due to TA misalignment
Observation 3: TA misalignment may result in different understanding of actual TDW between NW and UE, which will degrade the performance of channel estimation when DMRS bundling is enabled.
Proposal 7: Enhancement is needed for DMRS bundling for HD UE in order to align gNB’s and UE’s understanding of actual TDW.
Conclusions
In this contribution, we discuss the HD-FDD RedCap UE with NR NTN operating in FR1-NTN bands and have the following proposals:
Observation 1: TA misalignment may result in a different understanding between gNB and UE in Case 1, which Observation 1: TA misalignment may result in a different understanding between gNB and UE in Case 1.
Proposal 1: To address the inconsistent understanding between gNB and UE in Case 1, at least the following two potential solutions can be considered.
· Potential Solution 1: Leave it to gNB implementation, i.e., consider the above inconsistent understanding as packet loss and wait for the subsequent transmission occasion.
· 


Potential Solution 2: Enhance . Avoid the above situation by increasing  with taking  into consideration.
Observation 2: TA misalignment may result in a different understanding between gNB and UE in Case 2.
Proposal 2: To address the inconsistent understanding between gNB and UE in Case 2, at least the following two potential solutions can be considered.
· Potential Solution 1: Cancel reception of configured DL as defined in Rel-17 Redcap, without any updates.
· 
Potential Solution 2: Rely on gNB implementation. Avoid the above situation by increasing the gap with taking  into consideration.
Proposal 3: The collision rules defined for at least Cases 1, 2, 5, and 6 in Rel-17 RedCap can be reused as a baseline, while existing handling rules should be updated for Cases 3 and 4.
Proposal 4: At least the following three potential solutions can be considered for error cases in Case 3 and Case 4. The granularity of the TA report and scheduling of gNB need to be further considered.
· 
Potential Solution 1: No enhancement. Leave it to gNB implementation (e.g., considering  or offsetThresholdTA).
· Potential Solution 2: Support smaller granularity of the TA report (e.g., a symbol duration).
· Potential Solution 3: UE reports additional information to gNB.
Proposal 5: Potential Solution 1 should be deprioritized in GSO, while Potential Solution 2 should be deprioritized in NGSO.
Proposal 6: At least the above two potential collision rules can be considered when SIB19 reception collides with UL transmission.
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