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Introduction
In RAN meeting #102, the new WID regarding Non-Terrestrial Networks (NTN) for NR Phase 3 [1] was approved. In last RAN1#116bis meeting, the following observations were made [2].
	[bookmark: _Hlk156469079]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.



In this contribution, we further discuss the potential issues identified in previous RAN1 meetings. 
Discussion
On Case 3 and Case 4
According to the observations conducted in previous RAN1 meeting, due to TA mismatch between actual TA used by UE and assumed TA for the UE at gNB, the gNB would waste much more resources to avoid the occurrence of error cases 3 and 4, hence it is preferred to enhance these cases. 
One potential solution is to enhance the TA report mechanism, e.g., UE performs TA reporting in a granularity of symbols instead of subframes, so that the TA mismatch gap between actual TA used by UE and assumed TA for the UE at gNB would be limited to a small threshold to reduce the waste of scheduling resources. However, this solution would make TA reporting be mandatorily supported by a RedCap UE in NTN and the UE may be required to report the TA value frequently.  
Another potential solution is to regulate the behaviour of the UE when Case 3 or Case 4 happens, for example, defining a priority rule between DL and UL transmission, instead of depending on gNB to avoid the collision through scheduling and taking it as error case when the collision happens. This kind of priority rule can be configured by the network for flexibility.
[bookmark: _Hlk165976103]Proposal 1: Define a priority rule between DL and UL for the case 3 and case 4, where the priority can be configured by the network to prioritize DL or UL. 

On SIB19 collision with dynamic UL transmission
Another identified issue is the collision between SIB19 reception and dynamic scheduled UL transmission. We should first discuss how to categorize this issue in any of the seven cases in the previous agreement. In our understanding, the SIB19 also is scheduled by a DCI but it is periodically being broadcast by the network. Thus, the SIB19 PDSCH reception should be considered as semi-statically configured DL reception. In this case, the SIB10 reception belongs to case 2. According to the collision rule of case 2, when SIB19 reception collides with dynamic PUSCH, the UE will transmit dynamic PUSCH and skip the SIB19 reception. 
Observation 1: SIB19 collision with dynamic PUSCH is belonging to case 2.
Then, the issue pointed out is that if the UE skips the SIB19 reception due to collision, the UL synchronization may be impacted as the SIB19 contains important parameters for UL sync updating. In our suggestion, we think that the collision rule for case 2 should be reused and with regards to the proposal that introducing some exception for a reserved window in which the collision rule for case 2 is alternated. We think this may not be a good idea. This is because the occasion for UE receiving SIB19 is completely up to UE implementation and introducing the reservation window cannot resolve the issue but somehow imposing some restriction for network scheduling and UE implementation for SIB19 reception. 
[image: ]
Fig. 1: example showing UE avoids the collision by implementation
In our view, this issue can be left for UE implementation to resolve. For example, as depicted in Fig. 1, the UE may take advantage of C-DRX non-active period to update the SIB19, so that the collision of case 2 can be avoided to some extend. 
[image: ]
Fig. 2: example showing UE re-acquires SIB19 after validity duration expiry and no collision with UL 
In the worst case, despite of its low probability in practice and as depicted in Fig. 2, the UE cannot update the SIB19 due to collision and the validity duration expires, then the UE can still re-acquire the SIB19 and during this time, the UE will not transmit the uplink transmission and the collision won’t happen any more. 
Observation 2: UE can pick a more safe moment to update the SIB19, e.g., during the C-DRX non-active period, so that the collision between SIB19 reception and dynamic UL does not occur. 
Observation 3: Introducing a reservation window for SIB19 reception, in which the collision rule of case 2 alternates cannot completely resolve the issue since the triggering of SIB19 reception is up to UE decision.
Observation 4: In the worst and low probable case, the UE validity duration expires due to the collision of SIB19 reception and dynamic UL transmission, the UE can still re-acquire SIB19 after the validity duration expiration and this time no more dynamic UL will collide with the SIB19 reception. 
Proposal 2: The issue of SIB19 reception colliding with dynamic UL can be resolved by UE implementation. No enhancement is needed for this issue. 

On repetition related issue due to collision
A third issue raised in the last meeting is the repetition related collision, which includes the available slot counting, TBoMS. Provided that the network does not have a precise knowledge about the UE TA, the collision between SSB and PUSCH slot cannot be provisioned by the network. In this case, even the repetition enhancement is performed by the redcap UE, the network cannot benefit from the repetition due the fact that the network cannot correctly determine the PUSCH repetition resources. For this reason, we suggest to disable the repetition enhancement feature for RedCap UE in NTN NGSO environment. This will allow network to correctly determine the PUSCH resource. 
Proposal 3: To avoid the network mis-determination of the PUSCH resource due to collision between SSB, the repetition enhancement feature is not enabled for RedCap UE in NTN NGSO environment. 

On CPU occupation issue
The last identified issue is the CPU occupation, where the main concern is that the CSI-RS may collide with PUSCH/PUCCH for CSI reporting due to the TA, so that the network cannot determine such collision, resulting in an ambiguity of the CSI reporting content. 
	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.



In our understanding, we do not think such issue exists. According to the above quote text from the specification. For period CSI reporting and semi-persistent CSI reporting in PUCCH and semi-persistent CSI reporting in PUSCH, it is clear that the CPU occupation counting is based on CSI reference resource, which takes into account the K_offset value (cf. Clause 5.2.2.5 of TS38.214). Thus, the CSI-RS resources after the CSI reference resource are not being considered for calculating the CPU occupation. It means that all the CSI-RS resource being considered for CPU occupation will not have collision with the PUSCH/PUCCH carrying CSI reporting. 
	[bookmark: _Toc27299919][bookmark: _Toc36645554][bookmark: _Toc29673331][bookmark: _Toc11352131][bookmark: _Toc29674324][bookmark: _Toc20318021][bookmark: _Toc45810599][bookmark: _Toc29673190][bookmark: _Toc122105151]5.2.2.5	CSI reference resource definition
The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
-	In the time domain, the CSI reference resource for a CSI reporting in uplink slot n' is defined by a single downlink slot , where  is a parameter configured by higher layer as specified in clause 4.2 of [6 TS 38.213], and where is the subcarrier spacing configuration for  with a value of 0 for frequency range 1,




-	where  and and  are the subcarrier spacing configurations for DL and UL, respectively, and  and  are determined by higher-layer configured ca-SlotOffset for the cells transmitting the uplink and downlink, as defined in clause 4.5 of [4, TS 38.211]




For AP-CSI reporting and initial SP-CSI reporting in PUSCH, the allocated PUSCH resource carrying CSI report has also taken into account the K_offset value which absorbs the UE TA, preventing the scheduled PUSCH resource from being collide with the CSI-RS resource. 
Observation 5: For P-CSI reporting and SP-CSI reporting in PUCCH/PUSCH (except for initial SP-CSI reporting in PUSCH), the CPU occupation calculation is based on CSI reference resource, which takes into account the K offset value. Thus, there won’t be any collision between the CSI-RS resource and the PUSCH/PUCCH carrying CSI report. Therefore the collision issue does not exist.
Observation 6: For AP-CSI reporting and initial SP-CSI reporting in PUSCH, the allocated PUSCH resource carrying CSI report has also taken into account the K_offset value which absorbs the UE TA, preventing the scheduled PUSCH resource from being collide with the CSI-RS resource. Therefore the collision issue does not exist. 
Proposal 4: There is no issue for CPU occupation calculation for RedCap UE and no enhancement is needed. 
Conclusion
In this contribution, we provide our views on the potential issues discussed in last meeting to support HD-FDD RedCap UEs and eRedCap UEs working in NR-NTN environment. The following proposals are provided.
Observation 1: SIB19 collision with dynamic PUSCH is belonging to case 2.
Observation 2: UE can pick a more safe moment to update the SIB19, e.g., during the C-DRX non-active period, so that the collision between SIB19 reception and dynamic UL does not occur. 
Observation 3: Introducing a reservation window for SIB19 reception, in which the collision rule of case 2 alternates cannot completely resolve the issue since the triggering of SIB19 reception is up to UE decision.
Observation 4: In the worst and low probable case, the UE validity duration expires due to the collision of SIB19 reception and dynamic UL transmission, the UE can still re-acquire SIB19 after the validity duration expiration and this time no more dynamic UL will collide with the SIB19 reception. 
Observation 5: For P-CSI reporting and SP-CSI reporting in PUCCH/PUSCH (except for initial SP-CSI reporting in PUSCH), the CPU occupation calculation is based on CSI reference resource, which takes into account the K offset value. Thus, there won’t be any collision between the CSI-RS resource and the PUSCH/PUCCH carrying CSI report. Therefore the collision issue does not exist.
Observation 6: For AP-CSI reporting and initial SP-CSI reporting in PUSCH, the allocated PUSCH resource carrying CSI report has also taken into account the K_offset value which absorbs the UE TA, preventing the scheduled PUSCH resource from being collide with the CSI-RS resource. Therefore the collision issue does not exist. 

Proposal 1: Define a priority rule between DL and UL for the case 3 and case 4, where the priority can be configured by the network to prioritize DL or UL. 
Proposal 2: The issue of SIB19 reception colliding with dynamic UL can be resolved by UE implementation. No enhancement is needed for this issue. 
Proposal 3: To avoid the network mis-determination of the PUSCH resource due to collision between SSB, the repetition enhancement feature is not enabled for RedCap UE in NTN NGSO environment. 
Proposal 4: There is no issue for CPU occupation calculation for RedCap UE and no enhancement is needed. 
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