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Introduction
In RAN#102, WI on Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3 was approved [1]. As agreed in the last meeting, there may be some impacts on scheduling and/or BLER for HD-FDD RedCap UEs and eRedCap UEs.
	[bookmark: OLE_LINK149][bookmark: OLE_LINK150]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.



This contribution provides our views for the supportive of HD-FDD RedCap UEs and eRedCap UEs with NR NTN operating.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
The legacy handling rules for FD-FDD cases are summarized below, with additional analysis of taking into account TA mismatch between actual TA used by UE and assumed TA at the gNB based on available TA report. 
TA mismatch and impacts for collision cases
In NTN, due to the movement of satellite and UE location, UE needs to pre-compensate the timing and frequency offset, via UE implementation. Common TA or UE specific TA takes effect can change the TA value. TACommonDrift and TACommonDriftVariation if configured could result in the update of common TA. In current spec., when and how to the updated common TA is up to UE implementation. UE specific TA is calculated by the UE based on UE position and serving-satellite-ephemeris-related higher-layers parameters if configured. Such UE specific TA could be reported to gNB, which is stated in section 5.4.8 of TS 38.321. So there is TA mismatch between actual TA used by UE and assumed TA at the gNB based on available TA report.



[bookmark: OLE_LINK79]Figure 1: Collision case due to TA mismatch, example 1



 Figure 2: Collision case due to TA mismatch, example 2
Case 1
[bookmark: OLE_LINK21]For Case 1 dynamically scheduled DL reception collides with semi-statically configured UL transmission, UE receive DL if satisfy UL cancellation timeline; or transmit UL if it does not satisfy UL cancellation timeline. Since gNB does not exactly know the actual TA used by UE, it may have wrong decision for before or after UL cancellation timeline, or unware the collision of case 1. For example, there may be three mismatch behaviors:
· [bookmark: OLE_LINK17][bookmark: OLE_LINK13][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK16]Mismatch behavior A: UE receives DL and drops UL, but gNB may assume DL is dropped and UL is transmitted and then gNB would try to receive UL. The result is gNB fail UL reception. Frankly speaking, there have already some cases that UE decide not to do some UL transmission while gNB have always to do detection for UL e.g. CG-PUSCH, SR PUCCH. So gNB have its own operations for such mismatch, there is no issue for it. 
· [bookmark: OLE_LINK9][bookmark: OLE_LINK12]Mismatch behavior B: UE drops DL and transmit UL, but gNB may assume UL is dropped and DL is received, and then gNB would not receive UL and keep on DL transmission. The result is UL is transmitted but gNB may miss it. Actually it can be avoied by gNB implementation such as gNB always try to do UL reception if the UL cancellation timeline may be mismatch. Furthermore, there are also have some retransmission mechanism or period transmission or UL repetition to make the result less harmful.  
· [bookmark: OLE_LINK22][bookmark: OLE_LINK18][bookmark: OLE_LINK32]Mismatch behavior C: UE receives DL and drops UL, but gNB unware of the collision so it expects the UL reception and transmit DL. As same mismatch behavior A, the result only is gNB would do some extra UL receptions and without any issues. 
· Mismatch behavior D: UE drops DL and transmit UL, but gNB unware of the collision so it expects the UL reception and transmit DL. As same mismatch behavior B, the result only is gNB would do some extra DL transmissions in vain. Also some further saving implementation can be applied, such as HARQ-ACK information to gNB can request re-transmission. So current mechanisms can make sure there is no problems. 
[bookmark: OLE_LINK2]Thus, existing handling rules for the case1 can be reused without any update or enhancement.
Case 2
For Case 2 Semi-statically configured DL reception collides with dynamically scheduled UL transmission, UE drop DL and transmit UL, while gNB unware of the collision and it expects the UL reception and transmit DL, UL is valid in this situation but DL may be for nothing. It is mismatch behaviour D, as we discuss above, no further enhancement is needed. 
Case 3/4
Regarding case 3 and 4, they are semi-static vs. semi-static, and dynamic vs. dynamic, which are avoided by gNB in the legacy. Therefore, UE does not expect such collision. 
	[bookmark: OLE_LINK30]**********Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission***************
A HD-UE does not expect to detect a DCI format scheduling a reception in a set of symbols and detect a DCI format scheduling a transmission in any symbol from the set of symbols.
When a PDCCH reception by a UE includes two PDCCH candidates from corresponding search space sets, as described in clause 10.1, the end of the PDCCH reception is the end of the PDCCH candidate that ends later.
*****Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission **********
A HD-UE does not expect to receive both dedicated higher layer parameters configuring transmission in a set of symbols and dedicated higher layer parameters configuring reception in the set of symbols. A HD-UE does not expect to receive both a Type-0/0A/1/2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and dedicated higher layer parameters configuring transmission in the set of symbols. 



[bookmark: OLE_LINK24]However, due to TA mismatch, gNB cannot exactly control the PDSCH reception and UL transmission timing at UE side. Then the error cases defined for such collision would be inappropriate.  We suggest case 3 and 4 are allowed and up to UE implementation for collision handling, without more control at gNB side. 

Case 5
For Case 5 Configured SSB collides with dynamically scheduled or configured UL transmission, SSB has highest priority. UE receives DL and drops UL. But gNB unware of the collision so it expects the UL reception and transmit DL. So case 5 belongs to Mismatch behavior C, which is a quite general situation. No more update for case 5 is identified. 
Case 6
[bookmark: OLE_LINK28]For Case 6 Dynamic or semi-static DL collides with valid RO, it is up to UE implementation in legacy. It means gNB has already prepared for any behaviour, keep DL and drop UL, or keep UL and drop DL in the other way round. Then even there is TA mismatch, so issue is found for case 6 and no more work is required at gNB side.
Case 7  
[bookmark: OLE_LINK29]For Case 7 Collision due to direction switching between SSB or semi-statically configured DL and valid RO/PO, it is up to UE implementation in legacy. As same as Case 6, legacy mechanism can be reused. If the collision due to direction switching between SSB and semi-statically configured UL, it is mismatching behavior C, the result is gNB would do some extra UL receptions and without any issues.
[bookmark: OLE_LINK20]In summary, for the impact of UE TA auto compensation to the collision cases of HD-FDD redcap, except for Case 3 and 4, all other cases have collision rules to drop one or up to UE implementation. These UE behaviours can be reuse for NTN redcap.  
Observation 1. For HD-FDD RedCap UEs and eRedCap UEs with NR NTN operating, UE behaviour for all the cases except case 3 and 4 can be reused, as summarized in the Table 1. 
[bookmark: _Ref157600927]Table 1: Redcap collision cases and UE behavior
	Case
	DL
	UL
	UE behavior
	Impacts of taking into account TA mismatch between actual TA used by UE and assumed TA at the gNB based on available TA report

	1
	Dynamic
	semi-statically configured 
	DL if satisfy UL cancellation timeline;
UL if not satisfy UL cancellation timeline
	[bookmark: OLE_LINK23]Reuse existing handling rules, no more enhancement

	2
	Semi-statically configured 
	Dynamic
	UL 
	Reuse existing handling rules, no more enhancement

	3
	Semi-statically configured 
	semi-statically configured
	Error case
	[bookmark: OLE_LINK25]Not error case, up to UE implementation

	4
	Dynamic
	Dynamic
	Error case
	Not error case, up to UE implementation

	5
	SSB
	dynamically scheduled or configured 
	SSB
	Reuse existing handling rules, no more enhancement

	6
	SSB
	valid RO or valid PO
	up to UE implementation
	Reuse existing handling rules, no more enhancement

	
	Semi-statically configured 
	valid RO or valid PO
	
	

	
	Dynamic
	valid RO or valid PO
	
	

	[bookmark: _Hlk162642810]7_1
	SSB, Semi-statically configured 
	valid RO or valid PO
	up to UE implementation, ensure the switching time
	Reuse existing handling rules, no more enhancement

	7_2
	SSB
	[bookmark: OLE_LINK31]semi-statically configured 
	SSB
	Reuse existing handling rules, no more enhancement



Proposal 1. [bookmark: OLE_LINK26]Case 3 and 4 are allowed and up to UE implementation for collision handling
TA mismatch and other aspects needs further consideration 
SIB19 reception collides with UL transmission 
[bookmark: OLE_LINK27]For SIB19 reception and UL transmission collision, is a special case of case 1/4/6, due to SIB19 reception is a type of dynamic scheduled DL. 
· Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission
· Case 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
· Case 6: Dynamic or semi-static DL collides with valid RO
Among these three cases, only case 4 really needs further consideration. Since Case 1 always prioritize SIB19 reception, it has already been protected. And Case 6, it is related with valid RO, which is up to UE implementation to decide which is more important, SI window of SIB19 or RO. Therefore, when SIB19 collides with dynamic scheduled UL transmission, it is an error. As discussed above, it can be up to UE implementation to drop DL or UL for case 4. Then, if the dynamic DL is within SI window of SIB19, dynamic UL transmission would be dropped to read SIB19 if necessary.  Thus, no need to provide additional collision rules for SIB19, it already can be covered by the solution of case 4.  
Proposal 2. SIB19 reception and UL transmission collision is a special case of Case 4, which can also be allowed and up to UE implementation for collision handling.
Slot counting for UL repetition transmission colliding with SSB reception
If available slot counting is enabled, gNB may be unware of the collision/gap between PUSCH repetition and SSB, due to TA mismatch. 
	-	For the case of a reduced capability half-duplex UE, the UE determines  slots for a PUSCH transmission of a PUSCH repetition type A scheduled by DCI format 0_1, 0_2 or 0_3 when AvailableSlotCounting is enabled and K>1, or for a PUSCH transmission of TB processing over multiple slots scheduled by DCI format 0_1,  0_2 or 0_3, based on the TDRA information field value in the DCI format 0_1, 0_2 or 0_3. A slot is not counted in the number of  slots if at least one of the symbols indicated by the indexed row of the used resource allocation table in the slot does not start or end at least  or , respectively, from the last or first symbol of an SS/PBCH block with index provided by ssb-PositionsInBurst.



There are following non-aligned behaviour for PUSCH repetition type A between UE and gNB.
[bookmark: OLE_LINK36]B1: UE decide PUSCH repetition is overlapping with SSB, PUSCH repetition is postponed to next occasion. However, gNB still assume there is no collision and still do reception on the cancelled PUSCH location. As shown in the following figure, PUSCH repetition 4 times, but the 1st R1 is collide with SSB, and then they are postponed to R2~R5. But gNB still think R1~R4 are transmitted. These misunderstanding would lead to less PUSCH repetition occasions, 3 out of 4 in the following example. Since R1 is cancelled. And gNB do not know the exist of R5. Nevertheless, the situation is not too bad, since TA report from UE have one slot granularity. It can conclude the legacy available slot counting can be applied, because the impact of slot available counting due to SSB is controllable and affordable. 


[bookmark: OLE_LINK54]Figure 3: Slot counting for UL repetition transmission colliding with SSB reception, example 1
[bookmark: OLE_LINK52][bookmark: OLE_LINK37]B2: UE decide PUSCH repetition is not overlapping with SSB, but gNB think they are overlap/less switching time so that PUSCH repetition is postponed to next occasion. As shown in the following figure, the available PUSCH slots in UE side are different from gNB side. Then, if gNB do PUSCH reception as its assumed available PUSCH slots, it results in missing the 3rd PUSCH repletion, and try to receive the 5th one but failed. We can see the worst case is gNB would have less actual PUSCH repetitions, the example is 4 PUSCH repetition, but gNB only have 3 out of them, then less combination gains. Besides less PUSCH repetitions, no more issue is identified. So we suggest to keep the current mechanism and no enhancement for available slot counting specific for PUSCH and SSB collision and switching time. 


Figure 4: Slot counting for UL repetition transmission colliding with SSB reception, example 2
[bookmark: OLE_LINK55][bookmark: OLE_LINK38]Above all, no enhancement for available slot counting specific for PUSCH and SSB collision and switching time.
Proposal 3. No enhancement for available slot counting specific for PUSCH and SSB collision/switching time.
[bookmark: OLE_LINK40][bookmark: OLE_LINK39]Invalid symbol determination for PUSCH repetition type B
[bookmark: OLE_LINK53]The invalid symbols for PUSCH repetition type B are defined in 38.213. 
	For PUSCH repetition Type B, the UE determines invalid symbol(s) for PUSCH repetition Type B transmission as follows:
[bookmark: OLE_LINK45]…
-	For a reduced capability half-duplex UE in paired spectrum, symbols that do not start or end at least  or , respectively, from the last or first symbol of an SS/PBCH block with index indicated by ssb-PositionsInBurst in SIB1 or by ssb-PositionsInBurst in ServingCellConfigCommon or by NonCellDefiningSSB, or by ssb-PositionsInBurst in SSB-MTC-AdditionalPCI associated to physical cell ID with active TCI states for PDCCH or PDSCH, or for a set of symbols of a slot corresponding to SS/PBCH blocks configured for L1 beam measurement/reporting for reception of SS/PBCH blocks are considered as invalid symbols for PUSCH repetition Type B transmission.
 …



Similar as PUSCH repetition type A, the invalid symbol determination for PUSCH repetition type B also should consider SSB and its switching gap, but the difference is PUSCH repetition type A is drop the repetition and PUSCH repetition type B will do segmentation and drop the corresponding segment. 
As shown in the following figure, normal PUSCH repetition length is 4 symbols, and repetition number is 4. They are overlapping with SSB. Due to TA mismatch, gNB assumed actual PUSCH repetitions are different as UE actual transmitted, e.g. the first actual repetition 1 from UE denoted as A1 which has 2 symbols, but gNB would assume as B1 which has 3 symbols. It leads to wrong data rate matching and resource mapping, and failed to decode it. Another way of saying is when there is a mismatch between actual repetition from UE and assumed by gNB, this actual repetition always fails. 


Figure 5: Invalid symbols for PUSCH repetition type B
[bookmark: OLE_LINK56]So TA mismatch results in less actual PUSCH repetitions that would be corrected received by gNB. Except for this, no other problem is identified. Similar as PUSCH repetition type A, it only reduces the effective number of actual PUSCH repetitions. We also suggest to keep the current mechanism and no enhancement for PUSCH repetition type B. Above all, no enhancement for invalid symbol of PUSCH repetition type B and SSB collision/switching time.
Proposal 4. No enhancement for invalid symbol of PUSCH repetition type B and SSB collision/switching time.
[bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK83][bookmark: OLE_LINK84][bookmark: OLE_LINK58]Actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling 
The events of DMRS bundling including the PUSCH/PUCCH dropping and DL reception/monitoring, as defined in 3.214.  
	Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1, 0_2 or 0_3, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots, or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
….
-	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
….



[bookmark: OLE_LINK80]Actually, the collision Case 1~7 of (e)Redcap may lead to misunderstanding of actual TDWs, since the understanding of dropping or cancellation of UL can be unaligned between UE and gNB, as discussed in previous part. Such as UE may drop UL but gNB may not know and miss this event for create another actual TDW, then two actual TDWs would be assumed as one. But in fact the power consistency and phase continuity are not maintained cross these two actual TDWs, which would lead to even worse UL DMRS performance. As shown in the following figure, gNB assume all repetitions of R1~R4 are all in one actual TDW. But they are in two actual TDWs. So the problem happens when gNB miss the event, like unware the UL dropping or DL reception. 


Figure 6: Actual TDW determination
 There is another mismatch that gNB assume there is a UL cancellation or DL reception, but there is actually no. At this time, gNB would create more actual TDWs than there really are. As the figure below, UE can keep one actual TDW for R1~R4, and gNB believe there are two. In this case, DMRS bundling may also get worse, but it still better than the case in Figure 6, since it only gets partial DMRS bundling gain. 


[bookmark: OLE_LINK85]Thus, the potential issue exists for actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling, when gNB miss the event of DMRS bundling, like unware of the UL dropping or DL reception. 
Observation 2. Potential issue exists for actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling, when gNB miss the event of DMRS bundling, like unware of the UL dropping or DL reception
CPU occupation due to omitted DL reception or UL transmission
Omitted CMR/IMR or PUCCH/PUSCH can be happened in the previous release, but no specific CPU handling is defined. For example, CMR/IMR is cancelled in TDD due to symbol direction, PUCCH/PUSCH is cancelled due to higher priorities of other UL channel. So CPU occupation does not need to do extra enhancement. 
Proposal 5. No further consideration for CPU occupation due to omitted DL reception or UL transmission.
[bookmark: _GoBack]Conclusion
In this contribution, we made the following observations and proposal.
Observation 1.	For HD-FDD RedCap UEs and eRedCap UEs with NR NTN operating, UE behaviour for all the cases except case 3 and 4 can be reused, as summarized in the Table 1. 
Observation 2.	Potential issue exists for actual TDW determination due to the collision between DL reception and UL transmission with DMRS bundling, when gNB miss the event of DMRS bundling, like unware of the UL dropping or DL reception
Proposal 1.	Case 3 and 4 are allowed and up to UE implementation for collision handling
Proposal 2.	SIB19 reception and UL transmission collision is a special case of Case 4, which can also be allowed and up to UE implementation for collision handling.
Proposal 3.	No enhancement for available slot counting specific for PUSCH and SSB collision/switching time.
Proposal 4.	No enhancement for invalid symbol of PUSCH repetition type B and SSB collision/switching time.
Proposal 5.	No further consideration for CPU occupation due to omitted DL reception or UL transmission.
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