Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #116bis	R1-2403004
Changsha, People’s Republic of China, April 15th – 19th, 2024

Agenda Item:	9.11.2
Source:	Ericsson
Title:	On HD-FDD Redcap UEs for NTN
Document for:	Discussion

1	Introduction
The Rel-19 Work Item Description (WID) entitled “Non-Terrestrial Networks (NTN) for NR Phase 3” includes the following objective touching upon RAN1 [1]:
	· 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]


In this contribution we provide an initial analysis on HD-FDD (e)RedCap collision cases as listed in [2]. 
2	HD-FDD (e)RedCap collision cases in NTN
In RAN1# 116, this Rel-19 Work Item (WI) objective was kicked-off and the following initial agreement was reached:
	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.



Before performing a case-by-case analysis, it is important to highlight some important aspects to consider:
· An FDD carrier has separate DL and UL frequency allocations, thus DL and UL resources are available any time.
· From a network perspective, FDD-wise every DL symbol in principle overlaps with an UL symbol.
· From a HD-FDD (e)RedCap UE perspective the following applies:
· A HD-FDD UE is not expected to transmit in the uplink earlier than NRX-TX Tc after the end of the last received downlink symbol in the same cell.

· A HD-FDD UE is not expected to receive in the downlink earlier than NTX-RX Tc after the end of the last transmitted uplink symbol in the same cell.

Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792



· In terms of collision rules defined for a HD-FDD (e)RedCap UE, one aspect to be investigated is whether any of them incurs in any issue after accounting for the fact that in NTN the gNB may not have full knowledge of the TA being applied at UE.

· HD-FDD (e)RedCap in NTN relies on NR-NTN, thus functionalities such as Cell specific Koffset, UE specific Koffset, TA report, etc can be used to alleviate any issue when possible. 

Below we provide a case-by-case analysis, aiming at identifying what might need to be further investigated as to alleviate issues (if any), and what falls into the category of being considered as an optimization for which no enhancement will be needed.
2.1	Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission.
	Case number:
	Potential issue(s) as described in RAN1#116:

	Case 1: Dynamically scheduled DL reception collides with semi-statically configured UL transmission
	Invalid symbol determination for PUSCH repetition type B



	TS 38.213 clause 17.2 [3]:
	

	If a HD-UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH in a set of symbols and the UE detects a DCI format indicating to the HD-UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	the HD-UE does not expect to cancel the transmission of the PUCCH or PUSCH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a PDCCH reception where the HD-UE detects the DCI format; otherwise, the HD-UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS 38.214], determined from clauses 9 and 9.2.5 or clause 6.1 of [6, TS 38.214].
-	the HD-UE does not expect to cancel the transmission of SRS in symbols from the subset of symbols that occur within  relative to a last symbol of a PDCCH reception where the HD-UE detects the DCI format. The HD-UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for UE processing capability 1 [6, TS 38.214] assuming  and  corresponds to the smallest SCS configuration between the SCS configuration of the PDCCH carrying the DCI format and the SCS configuration of the SRS, PUCCH, PUSCH.



	Brief explanation of the legacy rule: Dynamic DL is prioritized. 
If UE is not capable of partially UL cancellation, UL is dropped.
Otherwise, UE cancels UL symbols according to the timeline condition



In our understanding, a dynamic DL transmission incorporates the network-controlled scheduling offset (i.e., Koffset) for overcoming the “UL-to-DL misalignment” towards transmitting the ACK/NACK associated to such a transmission, and therefore the network knows where the UL transmission is expected to occur and whether a collision with a semi-statically configured uplink transmission is expected to happen, which is knowledge that the gNodeB can use to prevent or alleviate collisions.
If a UE-specific Koffset were not available, then a cell-specific Koffset could be used to deal with the lack of knowledge (or precision) about the TA at the gNodeB. That is, the gNB should know the maximum TA in a cell based on the satellite position and the cell footprint and set cell-specific Koffset to cover the worst case.

In our understanding a semi-statically configured UL transmission such as “UL transmission without UL grant for type 1 and type 2” can be configured to use different periodicities (e.g., 15 kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}). In relation with the potential issue “Invalid symbol determination for PUSCH repetition type B,” in our understanding the difference between “PUSCH repetition type A and B” is that the former one incorporates a gap between repetitions whereas the latter one eliminates the gap, and to our knowledge “pusch-RepTypeIndicator” is used to indicate one type or the other.
Overall, the network has the possibility of using available configurations (along with the usage of other tools such as Koffset) for finding a trade-off that can alleviate the collisions between dynamic DL and semi-statically configured UL.
[bookmark: _Toc162450758]For Case 1 there are several configurations (e.g., “Periodicity of an UL transmission without UL grant for type 1 and type 2”, “timeDomainAllocation”, etc) and assumptions (e.g., UE-specific/cell-specific Koffset) that can be combined to produce different scenarios. The proponent of updating Case 1 should elaborate on the exact configuration setup that may lead to an issue (if any) as to perform further investigations.
[bookmark: _Toc162450795]Re-use for HD-FDD (e)RedCap UEs in NTN the legacy procedure associated to “Case 1” (i.e., Dynamic DL is prioritized), unless a specific issue were identified even after accounting for legacy functionalities that can be used to alleviate issues, for example:
· [bookmark: _Toc162450796]Cell-specific Koffset
· [bookmark: _Toc162450797]UE-specific Koffset
· [bookmark: _Toc162450798]TA reporting
· [bookmark: _Toc162450799]Semi-static UL
· [bookmark: _Toc162450800]Configure Grant (CG) PUSCH: 
· [bookmark: _Toc162450801]“Periodicity” of an UL transmission without UL grant
· [bookmark: _Toc162450802]“timeDomainAllocation” start symbol and length and PUSCH
· [bookmark: _Toc162450803]“pusch-RepTypeIndicator” PUSCH repetition type A or the behavior for PUSCH repetition type B.
· [bookmark: _Toc162450804]SRS
· [bookmark: _Toc162450805]“SRS-PeriodicityAndOffset”
· [bookmark: _Toc162450806]“nrofSymbols” (number of OFDM symbols) and “startPosition”
2.2	Case 2: Semi-statically configured DL reception collides with dynamically scheduled UL transmission.
	Case number:
	Potential issue(s) as described in RAN1#116:

	Case 2: Semi-statically configured DL reception collides with dynamically scheduled UL transmission
	None in particular



	TS 38.213 clause 17.2 [3]:
	

	If a HD-UE is configured by higher layers to receive a PDCCH, or PDSCH, or CSI-RS, or DL PRS in a set of symbols, the HD-UE receives the PDCCH, or PDSCH, or CSI-RS, or DL PRS if the HD-UE does not detect a DCI format that indicates to the HD-UE to transmit a PUSCH, or PUCCH, or PRACH, or SRS in at least one symbol of the set of symbols; otherwise, the HD-UE does not receive the PDCCH, or PDSCH, or CSI-RS, or DL PRS in the set of symbols.



	Brief explanation of the legacy rule: Dynamic UL is prioritized, and configured DL is dropped.



In our understanding, a dynamic UL transmission makes use of the network-controlled scheduling offset (i.e., Koffset), therefore the network knows where the UL transmission is expected to occur, which is knowledge that the gNodeB can use to prevent or alleviate collisions.
Moreover, to our knowledge, configured DL such as SPS PDSCH can be configured to use different periodicities (e.g., {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640}). Thus, the network has the possibility (along with the usage of other tools such as Koffset) of finding a trade-off that can alleviate the collisions between dynamic UL and semi-statically configured DL.
[bookmark: _Toc162450759]For Case 2 there are several configurations (e.g., SPS periodicities) and assumptions (e.g., UE-specific/cell-specific Koffset) that can be combined to produce different scenarios. The proponent of updating Case 2 should elaborate on the exact configuration setup that may lead to an issue (if any) as to perform further investigations.
[bookmark: _Toc162450807]Re-use for HD-FDD (e)RedCap UEs in NTN the legacy procedure associated to “Case 2” (i.e., Dynamic UL is prioritized, and configured DL is dropped), unless a specific issue were identified even after accounting for legacy functionalities that can be used to alleviate issues, for example:
· [bookmark: _Toc162450808]Cell-specific Koffset
· [bookmark: _Toc162450809]UE-specific Koffset
· [bookmark: _Toc162450810]TA reporting
· [bookmark: _Toc162450811]Semi-static DL
· [bookmark: _Toc162450812]SPS PDCSCH
· [bookmark: _Toc162450813]“Periodicity” 
· [bookmark: _Toc162450814]CSI-RS
· [bookmark: _Toc162450815]“CSI-ResourcePeriodicityAndOffset”
2.3	Case 3: Semi-statically configured DL reception collides with semi-statically configured UL transmission.  
	Case number:
	Potential issue(s) as described in RAN1#116:

	Case 3: Semi-statically configured DL reception collides with semi-statically configured UL transmission.
	Error cases in case 3 and case 4



	TS 38.213 clause 17.2 [3]:
	

	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/0B/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, except Type-2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and configured-grant based PUSCH transmission as described in clause 19.1 in the set of symbols for which case the UE follows the procedure as in clause 5.1B.2.6 in [10, TS 38.133]. The UE expects to be configured with a Type-2-PDCCH CSS set configuration for PDCCH reception such that there is at least one paging occasion that does not overlap with configured-grant based PUSCH transmission as described in clause 19.1 per SI modification period.



	Brief explanation of the legacy rule: Error case, i.e., HD-FDD UE does not expect to be configured with overlapping occasions of
dedicated configured UL transmission and dedicated configured DL reception
dedicated configured UL transmission and PDCCH in Type-0/0A/1/2 CSS set




[bookmark: _Toc162450760]Case 3 “Semi-statically configured DL reception collides with semi-statically configured UL transmission”, for a HD-FDD (e)RedCap UE in Terrestrial Networks is treated as an error case. 
[bookmark: _Toc162450761]In relation with the previous observation, legacy states that “A HD-UE does not expect to receive both a Type-0/0A/0B/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, except Type-2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and configured-grant based PUSCH transmission”.
[bookmark: _Toc162450762]In addition to what is mentioned in the previous observation, the standard states “The UE expects to be configured with a Type-2-PDCCH CSS set configuration for PDCCH reception such that there is at least one paging occasion that does not overlap with configured-grant based PUSCH transmission”.
[bookmark: _Toc162450763]Case 3 can be further investigated, and if an issue were found for HD-FDD (e)RedCap UE in NTN, then in line with the spirit of guaranteeing “at least one paging occasion,” RAN 1 could prioritize semi-statically configured DL over semi-statically configured UL. It can be discussed if in general semi-statically configured DL reception is to be prioritized over a semi-statically configured UL transmission, or if a specific semi-statically configured DL reception (e.g., Type-2-PDCCH CSS) is to be prioritized. 
[bookmark: _Toc162450816]For Case 3, study if for a HD-FDD (e)RedCap UEs in NTN it is possible to guarantee that “at least one paging occasion” (Type-2-PDCCH CSS set configuration) won’t overlap with configured-grant based PUSCH transmission.
· [bookmark: _Toc162450817]If an issue were found, then in line with the spirit of guaranteeing “at least one paging occasion,” RAN 1 could consider prioritizing semi-statically configured DL over semi-statically configured UL.
· [bookmark: _Toc162450818]It can be discussed if in general semi-statically configured DL reception is to be prioritized over a semi-statically configured UL transmission, or if a specific semi-statically configured DL reception (e.g., Type-2-PDCCH CSS) is to be prioritized.
2.4	Case 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission.
	Case number:
	Potential issue(s) as described in RAN1#116:

	Case 4: Dynamically scheduled DL reception collides with dynamic scheduled UL transmission
	Error cases in case 3 and case 4
SIB19 reception collides with UL transmission



	TS 38.213 clause 17.2 [3]:
	

	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.



	Brief explanation of the legacy rule: Error case, i.e., HD-FDD UE does not expect to be dynamically scheduled with overlapping DL and UL



We listed the potential issue of “SIB19 reception collides with UL transmission,” since in our understanding, although periodic, SIB19 is scheduled using PDCCH/PDSCH which makes them fall into the category of dynamically scheduled DL reception.
[bookmark: _Toc162450764]Case 4 “Dynamically scheduled DL reception collides with dynamic scheduled UL transmission”, for a HD-FDD (e)RedCap UE in Terrestrial Networks is treated as an error case. 
[bookmark: _Toc162450765]In relation with the previous observation, legacy states that “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”.
[bookmark: _Toc162450766]Case 4 can be further investigated, and if an issue were found for HD-FDD (e)RedCap UE in NTN, then in view of the relevance of receiving SIB19, RAN 1 could consider prioritizing “dynamically scheduled DL reception” over “dynamic scheduled UL transmission”. It can be discussed if in general “dynamically scheduled DL reception” is to be prioritized over a “dynamic scheduled UL transmission”, or if a specific dynamically scheduled DL reception (e.g., SIB19) is to be prioritized. 
[bookmark: _Toc162450819]For Case 4, study if for a HD-FDD (e)RedCap UEs in NTN the “dynamically scheduled DL reception” will be prone to a high collision rate with “dynamic scheduled UL transmission”.
· [bookmark: _Toc162450820]If an issue were found, then in view of the relevance of receiving SIB19, RAN 1 could consider prioritizing “dynamically scheduled DL reception” over “dynamic scheduled UL transmission”.
· [bookmark: _Toc162450821]It can be discussed if in general “dynamically scheduled DL reception” is to be prioritized over a “dynamic scheduled UL transmission”, or if a specific dynamically scheduled DL reception (e.g., SIB19) is to be prioritized.
[bookmark: _Hlk160806497]2.5	Case 5: Configured SSB collides with dynamically scheduled or configured UL transmission.
	Case number:
	Potential issue(s) as described in RAN1#116:

	Case 5: Configured SSB collides with dynamically scheduled or configured UL transmission
	Slot counting for UL repetition transmission colliding with SSB reception



	TS 38.214 clause 6.1.2.3.1 [4]:
	

	-	For paired spectrum and SUL band:
-	The UE shall repeat the TB across the  consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration.
-	If AvailableSlotCounting is enabled, and in case of reduced capability half-duplex UE, the UE shall repeat the TB across the  slots applying the same symbol allocation in each slot. 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.



	Brief explanation of the legacy rule: SSB is prioritized, overlapping uplink is dropped.



For a HD-FDD (e)RedCap UE, we utilize a PUSCH transmission to illustrate our understanding on a potential UL collision with SSB:
· The UE makes use of Koffset to ensure that UL slots scheduled for data do not occur earlier in time than the DL slot in which the scheduling is received. That is, a network-controlled scheduling offset (i.e., Koffset) is used to overcome the substantial TA in NTN, meaning the network knows where the UL transmission is expected to occur and whether a collision with SSB is expected to happen, which is knowledge that the gNodeB can use to prevent or alleviate collisions.
[image: ]
Figure 1: SS/PBCH (a.k.a. SSB) colliding with a PUSCH transmission making use of a network-controlled scheduling offset (i.e., Koffset).


· If a UE-specific Koffset were not available, then a cell-specific Koffset could be used to deal with the lack of knowledge (or precision) about the TA at the gNodeB.

· In our understanding SSB can make use of the following available legacy periodicities: {ms5, ms10, ms20, ms40, ms80, ms160}. Thus, the network has the possibility (along with the usage of other tools such as Koffset) of finding a trade-off that can alleviate UL collisions with SSB.


[bookmark: _Toc162450767]It has been stated that the collision analysis should be performed “taking into account TA mismatch between actual TA used by UE and assumed TA at the gNB based on available TA report”. On this matter, if the TA mismatch were too large, it will cause problems in first place to the UL transmission (e.g., UL slots scheduled for data could occur earlier in time than the DL slot in which the scheduling is received), even before such UL transmission could possibly collide with SSB.
[bookmark: _Toc162450768]In relation with the previous observation, if we are already at the point of analysing a collision, that means the "TA mismatch" is not that severe, e.g., in worst case the cell-specific Koffset applied making possible the UL transmission to happen, making UL slots scheduled for data won’t occur earlier in time than the DL slot in which the scheduling is received.
[bookmark: _Toc162450769]For Case 5 there are several configurations (e.g., SSB periodicity) and assumptions (e.g., UE-specific/cell-specific Koffset) that can be combined to produce different scenarios. The proponent of updating Case 5 should elaborate on the exact configuration setup that may lead to an issue as to perform further investigations.
[bookmark: _Toc162450822]Further study “Case 5” towards determining whether there is any specific scenario foreseen to incur in any potential issue, even after accounting for legacy functionalities that can be used to alleviate issues, for example:
· [bookmark: _Toc162450823]Cell-specific Koffset
· [bookmark: _Toc162450824]UE-specific Koffset
· [bookmark: _Toc162450825]TA reporting
· [bookmark: _Toc162450826]SSB periodicity {ms5, ms10, ms20, ms40, ms80, ms160}
· [bookmark: _Toc162450827]UL-to-DL switching, SSB, and DL-to-UL switching together utilize only 6 symbols in the time-domain. If a slot is not counted when a symbol is in proximity with those 6 symbols, then there is already certain margin since there are 14 symbols per slot. 
2.6	Case 6: Dynamic or semi-static DL collides with valid RO.
	Case number:
	Potential issue(s) as described in RAN1#116:

	Case 6: Dynamic or semi-static DL collides with valid RO
	None in particular



	TS 38.213 Clause 17.2 [3]:
	

	If a HD-UE would transmit a PRACH or MsgA PUSCH triggered by higher layers in a set of symbols and would receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS, or is indicated presence of SS/PBCH blocks within the active DL BWP by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB in symbols that include any symbol from the set of symbols, the HD-UE can select based on its implementation whether to either transmit the PRACH or the MsgA PUSCH or receive the PDSCH, or the CSI-RS, or the PL RS, or the PDCCH, or the SS/PBCH blocks.
If a HD-UE would receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS based on a configuration by higher layers or is indicated presence of SS/PBCH blocks within the active DL BWP by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon or by NonCellDefiningSSB in a set of symbols, and the HD-UE would transmit PRACH or MsgA PUSCH triggered by higher layers starting or ending at a symbol that is earlier or later than  or , respectively, from the last or first symbol in the set of symbols, the HD-UE can select based on its implementation whether to either transmit the PRACH or the MsgA PUSCH or receive the PDSCH, or the CSI-RS, or the DL PRS, or the PDCCH, or the SS/PBCH blocks.



	Brief explanation of the legacy rule: It is up to UE implementation whether to receive DL or transmit PRACH/MsgA



In our understanding, the PRACH occasion for the PRACH transmission in NTN accounts for the cell-specific Koffset. Thus, unless a specific issue were identified it seems possible to re-use in NTN the legacy rule for HD-FDD RedCap associated to case 6, i.e., “It is up to UE implementation whether to receive DL or transmit PRACH/MsgA”.
[bookmark: _Toc162450770]PRACH occasion for the PRACH transmission in NTN accounts for the cell-specific Koffset. Thus, unless a specific issue were identified it seems possible to re-use in NTN the legacy rule for HD-FDD RedCap associated to case 6.
[bookmark: _Toc162450828]Re-use for HD-FDD (e)RedCap UEs in NTN the legacy procedure associated to “Case 6” (i.e., It is up to UE implementation whether to receive DL or transmit PRACH/MsgA), unless a specific issue were identified.
2.7	Case 7: Collision due to direction switching.
	Case number:
	Potential issue(s) as described in RAN1#116:

	Case 7: Collision due to direction switching
	None in particular



	TS 36.211 Clause 4.3.2 [5]:
	

	A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than  after the end of the last received downlink symbol in the same cell where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than  after the end of the last transmitted uplink symbol in the same cell where  is given by Table 4.3.2-3.



	Brief explanation: In our understanding, “Case 7: Collision due to direction switching” was not specified as separate rule in the technical specification but is rather one aspect that is part of other collision rules. What is captured in TS 36.211 clause 4.3.2 are the definitions of the “DL-to-UL switching time” and “UL-to-DL switching time” used as a reference in other collision rules.



[bookmark: _Toc162450771]In our understanding “Case 7: Collision due to direction switching”, was not specified as a separate rule into the technical specifications, since it is rather one aspect that is part of other collision rules. 
[bookmark: _Toc162450772]In relation with the previous observation, the “Collision due to direction switching” concerns to the following back-to-back DL/UL situations:
a) [bookmark: _Toc162450773]There is an UL transmission that follows a DL reception, without a gap or with a gap that is shorter than the DL-to-UL switching time (i.e., ). 
b) [bookmark: _Toc162450774]There is a DL reception that follows an UL transmission, without a gap or with a gap that is shorter than the UL-to-DL switching time (i.e., ).

[bookmark: _Toc158110182][bookmark: _Toc162450829]The “Case 7: Collision due to direction switching” is studied as part of collision rules to be down-selected for further investigation, rather than studying it separately since “Case 7” was not specified as a separate rule into the technical specifications.
3	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	For Case 1 there are several configurations (e.g., “Periodicity of an UL transmission without UL grant for type 1 and type 2”, “timeDomainAllocation”, etc) and assumptions (e.g., UE-specific/cell-specific Koffset) that can be combined to produce different scenarios. The proponent of updating Case 1 should elaborate on the exact configuration setup that may lead to an issue (if any) as to perform further investigations.
Observation 2	For Case 2 there are several configurations (e.g., SPS periodicities) and assumptions (e.g., UE-specific/cell-specific Koffset) that can be combined to produce different scenarios. The proponent of updating Case 2 should elaborate on the exact configuration setup that may lead to an issue (if any) as to perform further investigations.
Observation 3	Case 3 “Semi-statically configured DL reception collides with semi-statically configured UL transmission”, for a HD-FDD (e)RedCap UE in Terrestrial Networks is treated as an error case.
Observation 4	In relation with the previous observation, legacy states that “A HD-UE does not expect to receive both a Type-0/0A/0B/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, except Type-2-PDCCH CSS set configuration for PDCCH reception in a set of symbols and configured-grant based PUSCH transmission”.
Observation 5	In addition to what is mentioned in the previous observation, the standard states “The UE expects to be configured with a Type-2-PDCCH CSS set configuration for PDCCH reception such that there is at least one paging occasion that does not overlap with configured-grant based PUSCH transmission”.
Observation 6	Case 3 can be further investigated, and if an issue were found for HD-FDD (e)RedCap UE in NTN, then in line with the spirit of guaranteeing “at least one paging occasion,” RAN 1 could prioritize semi-statically configured DL over semi-statically configured UL. It can be discussed if in general semi-statically configured DL reception is to be prioritized over a semi-statically configured UL transmission, or if a specific semi-statically configured DL reception (e.g., Type-2-PDCCH CSS) is to be prioritized.
Observation 7	Case 4 “Dynamically scheduled DL reception collides with dynamic scheduled UL transmission”, for a HD-FDD (e)RedCap UE in Terrestrial Networks is treated as an error case.
Observation 8	In relation with the previous observation, legacy states that “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”.
Observation 9	Case 4 can be further investigated, and if an issue were found for HD-FDD (e)RedCap UE in NTN, then in view of the relevance of receiving SIB19, RAN 1 could consider prioritizing “dynamically scheduled DL reception” over “dynamic scheduled UL transmission”. It can be discussed if in general “dynamically scheduled DL reception” is to be prioritized over a “dynamic scheduled UL transmission”, or if a specific dynamically scheduled DL reception (e.g., SIB19) is to be prioritized.
Observation 10	It has been stated that the collision analysis should be performed “taking into account TA mismatch between actual TA used by UE and assumed TA at the gNB based on available TA report”. On this matter, if the TA mismatch were too large, it will cause problems in first place to the UL transmission (e.g., UL slots scheduled for data could occur earlier in time than the DL slot in which the scheduling is received), even before such UL transmission could possibly collide with SSB.
Observation 11	In relation with the previous observation, if we are already at the point of analysing a collision, that means the "TA mismatch" is not that severe, e.g., in worst case the cell-specific Koffset applied making possible the UL transmission to happen, making UL slots scheduled for data won’t occur earlier in time than the DL slot in which the scheduling is received.
Observation 12	For Case 5 there are several configurations (e.g., SSB periodicity) and assumptions (e.g., UE-specific/cell-specific Koffset) that can be combined to produce different scenarios. The proponent of updating Case 5 should elaborate on the exact configuration setup that may lead to an issue as to perform further investigations.
Observation 13	PRACH occasion for the PRACH transmission in NTN accounts for the cell-specific Koffset. Thus, unless a specific issue were identified it seems possible to re-use in NTN the legacy rule for HD-FDD RedCap associated to case 6.
Observation 14	In our understanding “Case 7: Collision due to direction switching”, was not specified as a separate rule into the technical specifications, since it is rather one aspect that is part of other collision rules.
Observation 15	In relation with the previous observation, the “Collision due to direction switching” concerns to the following back-to-back DL/UL situations:
a)	There is an UL transmission that follows a DL reception, without a gap or with a gap that is shorter than the DL-to-UL switching time (i.e., ).
b)	There is a DL reception that follows an UL transmission, without a gap or with a gap that is shorter than the UL-to-DL switching time (i.e., ).
			
Based on the discussion in the previous sections we propose the following:

Proposal 1	Re-use for HD-FDD (e)RedCap UEs in NTN the legacy procedure associated to “Case 1” (i.e., Dynamic DL is prioritized), unless a specific issue were identified even after accounting for legacy functionalities that can be used to alleviate issues, for example:
	Cell-specific Koffset
	UE-specific Koffset
	TA reporting
	Semi-static UL
o	Configure Grant (CG) PUSCH:
	“Periodicity” of an UL transmission without UL grant
	“timeDomainAllocation” start symbol and length and PUSCH
	“pusch-RepTypeIndicator” PUSCH repetition type A or the behavior for PUSCH repetition type B.
o	SRS
	“SRS-PeriodicityAndOffset”
	“nrofSymbols” (number of OFDM symbols) and “startPosition”
Proposal 2	Re-use for HD-FDD (e)RedCap UEs in NTN the legacy procedure associated to “Case 2” (i.e., Dynamic UL is prioritized, and configured DL is dropped), unless a specific issue were identified even after accounting for legacy functionalities that can be used to alleviate issues, for example:
	Cell-specific Koffset
	UE-specific Koffset
	TA reporting
	Semi-static DL
o	SPS PDCSCH
	“Periodicity”
o	CSI-RS
	“CSI-ResourcePeriodicityAndOffset”
Proposal 3	For Case 3, study if for a HD-FDD (e)RedCap UEs in NTN it is possible to guarantee that “at least one paging occasion” (Type-2-PDCCH CSS set configuration) won’t overlap with configured-grant based PUSCH transmission.
	If an issue were found, then in line with the spirit of guaranteeing “at least one paging occasion,” RAN 1 could consider prioritizing semi-statically configured DL over semi-statically configured UL.
	It can be discussed if in general semi-statically configured DL reception is to be prioritized over a semi-statically configured UL transmission, or if a specific semi-statically configured DL reception (e.g., Type-2-PDCCH CSS) is to be prioritized.
Proposal 4	For Case 4, study if for a HD-FDD (e)RedCap UEs in NTN the “dynamically scheduled DL reception” will be prone to a high collision rate with “dynamic scheduled UL transmission”.
	If an issue were found, then in view of the relevance of receiving SIB19, RAN 1 could consider prioritizing “dynamically scheduled DL reception” over “dynamic scheduled UL transmission”.
	It can be discussed if in general “dynamically scheduled DL reception” is to be prioritized over a “dynamic scheduled UL transmission”, or if a specific dynamically scheduled DL reception (e.g., SIB19) is to be prioritized.
Proposal 5	Further study “Case 5” towards determining whether there is any specific scenario foreseen to incur in any potential issue, even after accounting for legacy functionalities that can be used to alleviate issues, for example:
	Cell-specific Koffset
	UE-specific Koffset
	TA reporting
	SSB periodicity {ms5, ms10, ms20, ms40, ms80, ms160}
	UL-to-DL switching, SSB, and DL-to-UL switching together utilize only 6 symbols in the time-domain. If a slot is not counted when a symbol is in proximity with those 6 symbols, then there is already certain margin since there are 14 symbols per slot.
Proposal 6	Re-use for HD-FDD (e)RedCap UEs in NTN the legacy procedure associated to “Case 6” (i.e., It is up to UE implementation whether to receive DL or transmit PRACH/MsgA), unless a specific issue were identified.
Proposal 7	The “Case 7: Collision due to direction switching” is studied as part of collision rules to be down-selected for further investigation, rather than studying it separately since “Case 7” was not specified as a separate rule into the technical specifications.
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