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1	Introduction
According to [1], the objective on duplex operation is as follows.
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)




RAN1#104e reached the following agreements on HD-FDD [2]:
	Agreements:
· For HD-FDD, for cases (if any) where collision handling needs to be specified, then the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum are used as a starting point if deemed applicable.

Agreements:
· (Working assumption) For HD-FDD switching time, reuse existing switching times for UE not capable of full duplex in TS 38.211, Table 4.3.2-3.
· FFS: whether to define the guard times in symbol units
· FFS: the switching positions
· Sending an LS to RAN4 to inform the above working assumption, and to ask for feedback if any 
· The LS will not include the two FFS bullets

Draft LS in R1-2102094 is approved. Final LS to be uploaded/updated depending on whether or not there are additional agreements for RedCap related to RAN4. Final LS in R1-2102146

Agreements:
· For HD-FDD operation for RedCap UEs, collisions may be addressed or alleviated with proper scheduling. The following cases of potential collisions can be further studied to see if any change to the current specs is necessary:
· Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
· e.g., dynamic PDSCH or CSI-RS collides with configured SRS, PUCCH, or CG PUSCH
· Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
· Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission  
· Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
· Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
· e.g., PUSCH, PUCCH, PRACH, SRS
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching




RAN1#104bis-e reached the following agreements on HD-FDD [2]:
	Agreements:
· For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. 
· FFS whether the timeline is extended to include the RX/TX switching time for HD-FDD
· For Case 4: dynamically scheduled DL reception vs. dynamic scheduled UL transmission, reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum
· That is, it is considered as an error case if a dynamically scheduled DL reception overlaps with a dynamically scheduled UL transmission
· For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum
· The semi-statically configured DL reception may include PDCCH (excluding ULCI), SPS PDSCH, CSI-RS or PRS. 
· FFS on PDCCH carrying ULCI, including whether or not it is supported by RedCap UEs (including potential difference between HD vs. FD RedCap UEs)
· The dynamically scheduled UL transmission may include PUSCH, PUCCH, SRS or PRACH triggered by PDCCH order

Agreements:
· For Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot 
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in the set of symbols of the slot 
· A HD-FDD UE does not expect to receive both cell specific higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot 
· FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission
· FFS: whether or not there are conditions that need to be considered

Working assumption:
· For HD-FDD, no additional UE behavior for switching position determination is specified as compared to the existing specification. 

Conclusion: Enhancement for potential UL and DL collision handling due to TA misalignment is not considered for Type-A HD-FDD operation of RedCap UEs 

Working assumption:
· For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
· 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
· FFS NTX-RX and NRX-TX
· FFS: how it jointly works with the agreement for other collision cases 

Working assumption:
· If a dynamically scheduled UL transmission overlaps with an SSB, down-select one of the following options:
· Option 1: Follow the handling of case 2 that dynamic UL is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL 
· Option 3: Leave to UE implementation whether to receive the SSB or transmit the UL transmission
· Other options are not precluded
· If a semi-static configured UL transmission overlaps with an SSB, down-select from the following options
· Option 1: Up to gNB configuration to avoid such collision and if it happens it is an error case
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over semi-static UL
· Option 3: Leave to UE implementation whether to receive the SSB or transmit the UL transmission
· Other options are not precluded
· FFS: whether/how to account for Tx/Rx switching time before and after the set of SSB symbols
· FFS: whether or not the semi-static configured UL transmission includes a valid RO




We discuss the following open issues according to the RAN1#104bis-e agreements above:
a) whether to define the guard times in symbol units
b) potential collision cases between DL and UL
c) whether to introduce semi-static UL/DL symbol configuration 
2	Open issue: Whether to define the guard times in symbol units
The current working assumption (pending on RAN4 confirmation) is to reuse existing switching time for UE not capable of full duplex in TS 38.211, Table 4.3.2-3. These switching times are linked to UE behaviours as follows.
	A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to transmit in the uplink in one cell within the group of cells earlier than  after the end of the last received downlink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 
A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 38.306] among all cells within a group of cells is not expected to receive in the downlink in one cell within the group of cells earlier than  after the end of the last transmitted uplink symbol in the same or different cell within the group of cells where  is given by Table 4.3.2-3. 
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.
Table 4.3.2-3: Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792






Note that the above descriptions are from a UE perspective, and thus the timings of the DL symbols and UL symbols in the above descriptions are also from a UE perspective. Note also that the DL symbols and UL symbols are typically not aligned from a UE perspective. According to TS 38.211:
	


Uplink frame number  for transmission from the UE shall start  before the start of the corresponding downlink frame at the UE where  is given by [5, TS 38.213].



Figure 4.3.1-1: Uplink-downlink timing relation.





[bookmark: _Hlk66884980]Thus, the timing offset between DL and UL frames is , which has granularity finer than symbol duration as  is calculated based on, where ,   Hz and . Therefore, we see no use in defining guard times in symbol units. For example, if the guard time is X symbols after the end of the last received downlink symbol in the case of Rx-to-Tx transition, the UE cannot start the UL transmission after a guard time of X-symbol duration as such a start time is most likely not aligned with an uplink symbol boundary.
In fact, defining guard time in symbol unit would lead to additional delay due to the rounding-up effect which not only increase latency but also complicates the scheduling. In our view, the discussion on guard time in symbol units does not necessarily depend on the outcome of the discussion whether the existing switching time in 38.211 can be reused (RAN4 LS). It does not necessarily depend on semi-static UL/DL symbol configuration either since gNB can anyway take into account the Tx/Rx switching time when scheduling or configuring DL reception or UL transmission without the need to define guard time in symbol units. 
[bookmark: _Toc67770505][bookmark: _Toc68673578][bookmark: _Toc71680799]The timing offset between DL and UL frames at the UE is based on a time unit finer than the symbol duration. Defining the guard time in symbol units is therefore not needed, as the end of guard time cannot be guaranteed to align with the symbol boundary after the UE switch from Rx to Tx, or from Tx to Rx.
[bookmark: _Toc71680800]Defining guard time in symbol units can increase latency due to the need to round up the switching time to align with the symbol boundary. 

3	Open issue: Potential collision between DL and UL
In RAN1#104e, 7 collision cases were identified. It has been agreed that the existing collision handling principles in Rel-15/16 NR for operation on a single carrier or single cell in unpaired spectrum are used as a starting point if deemed applicable. Some agreements regarding details of how to handle potential collision cases were further reached in RAN1#104bis-e. In the following, we discuss some remaining open issues. 
3.1	Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
RAN1#104bis-e reached the following agreements [2]:
	Agreements:
· For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum. 
· FFS whether the timeline is extended to include the RX/TX switching time for HD-FDD




For Case 1, it was agreed to reuse the existing collision handling in Rel-15/16 for operation on a single carrier/single cell in unpaired spectrum as outlined below [3]:
	For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to transmit SRS, or PUCCH, or PUSCH, or PRACH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols, then 
-	If the UE does not indicate the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in the set of symbols if the first symbol in the set occurs within  relative to a last symbol of a CORESET where the UE detects the DCI format; otherwise, the UE cancels the PUCCH, or the PUSCH, or an actual repetition of the PUSCH [6, TS38.214], determined from Clauses 9 and 9.2.5 or Clause 6.1 of [6, TS38.214], or the PRACH transmission in the set of symbols.
-	If the UE indicates the capability of [partialCancellation], the UE does not expect to cancel the transmission of the PUCCH or PUSCH or PRACH in symbols from the set of symbols that occur within  relative to a last symbol of a CORESET where the UE detects the DCI format. The 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], or the PRACH transmission in remaining symbols from the set of symbols.  
-	The 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 CORESET where the UE detects the DCI format. The UE cancels the SRS transmission in remaining symbols from the subset of symbols. 
	 is the PUSCH preparation time for the corresponding UE processing capability [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 or , where  corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise .



That is, if the UE is capable of partial cancellation in UL, the rule is to cancel UL symbols that overlap with dynamically scheduled DL symbols and occur after  from the last PDCCH symbols. On the other hand, if the UE is not capable of partial cancellation in UL, the UE does not cancel any of the symbols in the transmission of the PUCCH or PUSCH or PRACH if the first symbol of the UL transmission occurs within  relative to a last symbol of the PDCCH. Note that even if RedCap UE is not capable of partial cancellation in UL, it should not be an issue as gNB can avoid scheduling in DL with a DCI which is too close to the starting symbol of semi-static UL. 
The remaining FFS is regarding whether the timeline in the above rule should be extended to include the Tx/Rx switching time for HD-FDD. For the case of UE not capable of partial cancellation, the UE would anyway prioritize either DL or UL and there is no Tx-Rx switching involved. On the other hand, for the case of SRS transmission or if UE is capable of partial cancellation PUCCH or PUSCH or PRACH, gNB can take into account the Tx/Rx switching time when scheduling dynamic DL, e.g., schedule DL to start at least 1 symbol after the first canceled UL symbol as shown in Figure 1. If there are still colliding symbols with the switching time, then the UE behavior like in TS 38.211 for non-full duplex UE can be applied, i.e., UE does not expect to receive or transmit during the switching time. Thus, there is no need to extend the timeline of Case 1 to include the Tx/Rx switching time.

[image: ]
[bookmark: _Ref70589187]Figure 1: In case of UE capable of partial cancellation, gNB can take into account the switching time when scheduling dynamic DL, e.g., schedule a PDSCH after T_{proc,2} + switching time, to avoid collision with the switching time.

[bookmark: _Toc71680801]gNB can take into account the Tx/Rx switching time when scheduling dynamic DL to avoid collision with switching time, e.g., schedule DL to start at least 1 symbol after the first cancelled UL symbol. 
[bookmark: _Toc71680836]For Case 1, there is no need to extend the timeline to include the Tx/Rx switching time for HD-FDD.

3.2	Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
RAN1#104bis-e reached the following agreements [2]:
	Agreements:
· For Case 2 (semi-statically configured DL reception vs. dynamically scheduled UL transmission), reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum
· The semi-statically configured DL reception may include PDCCH (excluding ULCI), SPS PDSCH, CSI-RS or PRS. 
· FFS on PDCCH carrying ULCI, including whether or not it is supported by RedCap UEs (including potential difference between HD vs. FD RedCap UEs)
· The dynamically scheduled UL transmission may include PUSCH, PUCCH, SRS or PRACH triggered by PDCCH order




For Case 2, it was agreed to reuse the existing collision handling in Rel-15/16 for operation on a single carrier/single cell in unpaired spectrum as outlined below [3]:
	For operation on a single carrier in unpaired spectrum, if a UE is configured by higher layers to receive a PDCCH, or a PDSCH, or a CSI-RS, or a DL PRS in a set of symbols of a slot, the UE receives the PDCCH, the PDSCH, the CSI-RS, or the DL PRS if the UE does not detect a DCI format that indicates to the UE to transmit a PUSCH, a PUCCH, a PRACH, or a SRS in at least one symbol of the set of symbols of the slot; otherwise, the UE does not receive the PDCCH, or the PDSCH, or the CSI-RS, or the DL PRS in the set of symbols of the slot.



That is, the rule is to cancel all the DL symbols in a slot if any of the DL symbols in a semi-statically configured DL channel/signal in the slot overlaps with a dynamically scheduled PUSCH, PUCCH, PRACH, or SRS. 
The remaining FFS is regarding whether or not the UL cancellation indicator (UL CI) is included as part of PDCCH in the collision handling rule. In our view, it may not be necessary to exclude UL CI from PDCCH in Case 2. It can be noted that it is under gNB control to schedule dynamic UL transmission or configure search space sets in a proper way. For example, in a scenario where UL CI is deemed important for RedCap UE to receive, it may be possible for gNB to avoid scheduling dynamic UL in symbols which overlap with the UL CI or to transmit UL CI on PDCCH monitoring occasion which does not overlap with some scheduled UL, and thus avoid the UL CI being dropped.
In fact, it may not even be possible to make an exception in the rule by simply excluding PDCCH carrying UL CI. UE does not know that PDCCH carries an UL CI until it decodes it and CRC checks with the right scrambling RNTI. So if UL CI were to be excluded from the collision handling rule, we might need to exclude any PDCCH. Or alternatively, there needs to be some indication that the UE can use to distinguish a PDCCH carrying UL CI from other PDCCH in a common search space without actually decoding it, e.g., PDCCH carrying UL CI may need to be monitored in a specific search space or associated with a CORESET with high priority.  
Regarding whether the UL CI is supported for RedCap UEs, it might seem like a useful feature in the coexistence scenario with URLLC. However, it can be argued that it is less relevant for a RedCap UE compared to a non-RedCap UE since UL resources can be taken more from a non-RedCap UE considering RedCap UE is likely taking a smaller resource in frequency domain due to its BW limitation. Furthermore, it can be argued that UL CI is more relevant for URLLC use case with very strict reliability and latency requirements which may be less suitable to be served in an FDD carrier with a reasonable capacity. In this sense, it may be reasonable that (HD-FDD) RedCap UEs does not need to support UL CI which is also the case for Rel-15 UEs. In any case, the discussion on whether UL CI is supported may also be done in a later stage.
[bookmark: _Toc71680837]For Case 2, if UL CI is supported by RedCap UE, PDCCH carrying UL CI does not have to be excluded in the collision handling rule. In the scenario where UL CI needs to be received, gNB can avoid scheduling UL in symbols which overlap with the UL CI or transmit UL CI on PDCCH monitoring occasion which does not overlap with some scheduled UL.

3.3	Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission
RAN1#104bis-e reached the following agreements [2]:
	Agreements:
· For Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot 
· A HD-FDD UE does not expect to receive both dedicated higher layer parameters configuring transmission from the UE in the set of symbols of the slot and cell specific higher layer parameters configuring reception in the set of symbols of the slot 
· A HD-FDD UE does not expect to receive both cell specific higher layer parameters configuring transmission from the UE in the set of symbols of the slot and dedicated higher layer parameters configuring reception in the set of symbols of the slot 
· FFS on cell-specifically configured DL reception vs. cell-specifically configured UL transmission
· FFS: whether or not there are conditions that need to be considered




For the collision handling for case 3 which involves dedicated higher layer configuration, the UE does not expect to be configured with overlapped semi-static DL reception and semi-static UL transmission occasions. If such a case happens, it is considered a configuration error case. 
The remaining FFS is regarding a collision between cell-specifically configured DL reception and cell-specifically configured UL transmission. In particular, the case of SSB colliding with ROs is considered. Due to periodic nature of candidates SSB and RO configuration, in FDD cell it is possible that there can be overlapping occasions. Thus, it is beneficial to define a UE behavior to handle it. 
From the previous discussion, there are two main alternatives for the UE behavior:
1. Leave it to UE whether to receive SSB or transmit PRACH
2. Always prioritize either SSB or RO 
 
In our view, leaving it to UE whether to receive SSB or transmit PRACH can be reasonable as it does not expect to cause an impact on gNB operation, i.e., gNB would still send SSB and detect PRACH on the overlapping occasions in FDD cell. However, it should be noted that UE also has some RRM requirement to fulfill which might require that the UE prioritizes SSB in some occasions. Thus, it is reasonable to let UE prioritize whether to receive SSB or transmit PRACH based on the RRM requirement.
[bookmark: _Toc71680838]For Case 3, an exception could be made on the case of cell-specifically configured DL reception vs. cell-specifically configured UL transmission, particularly SSB vs. ROs where overlapping occasions are allowed and it is up to UE to prioritize receiving SSB or transmitting PRACH based on the RRM requirement. 

3.4	Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
RAN1#104bis-e reached the following working assumptions [2]:
	Working assumption:
· If a dynamically scheduled UL transmission overlaps with an SSB, down-select one of the following options:
· Option 1: Follow the handling of case 2 that dynamic UL is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamic UL 
· Option 3: Leave to UE implementation whether to receive the SSB or transmit the UL transmission
· Other options are not precluded
· If a semi-static configured UL transmission overlaps with an SSB, down-select from the following options:
· Option 1: Up to gNB configuration to avoid such collision and if it happens it is an error case
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over semi-static UL
· Option 3: Leave to UE implementation whether to receive the SSB or transmit the UL transmission
· Other options are not precluded
· FFS: whether/how to account for Tx/Rx switching time before and after the set of SSB symbols
· FFS: whether or not the semi-static configured UL transmission includes a valid RO




In TDD, due to semi-static DL/UL configuration, it is not common that SSB occasions overlap with UL transmission. When that happens however, the existing collision handling principles for case 5 of Rel-15/16 for a single carrier/single cell NR TDD is to prioritize SSB over UL transmission.
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot.



In FDD operation, it could happen that candidates SSB position may overlap with some UL transmission. Following the working assumption made in RAN1 #104bis-e, two main cases can be considered:
· SSB overlaps with dynamically scheduled UL transmission, 
· SSB overlaps with semi-statically configured UL transmission 

For the case of SSB overlaps with dynamically scheduled UL transmission, it can be beneficial to leave it to gNB implementation, e.g., to avoid scheduling UL overlapping with SSB or to prioritize UL by scheduling an overlapping UL transmission for this particular UE. This is flexible from scheduling perspective, and is consistent with principle of dynamic scheduling, i.e., if gNB decides to schedule an UL transmission dynamically, it expects the dynamic transmission to happen. This corresponds to Option 1 combined with proper gNB scheduling. In our view, Option 2 is less flexible compared to Option 1, while Option 3 can lead to a reduction in radio resource utilization efficiency, e.g., dynamic UL is not transmitted by UE despite being scheduled. To implement Option 1 in the specification, it is possible to expand Case 2 to include SSB as part of semi-static DL.
[bookmark: _Toc71680839]For Case 5, support Option 1 for the case of SSB overlaps with dynamically scheduled UL transmission. With this option, gNB can still avoid scheduling UL overlapping with SSB.

For the case of SSB overlaps with semi-statically configured UL transmission, Option 1 is restrictive in terms of configurations for the scheduler as it can be difficult to avoid overlapping of some periodic occasions. 
Option 2 can be reasonable to reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over semi-static UL. To implement Option 2 in specification, it is possible to modify the TDD rule for SSB to only include semi-static UL and excluded dynamic UL.
Option 3 may lead to increased gNB blind decoding of UL transmission compared to Option 2 where gNB does not decode the UL transmission on the overlapping occasions. However, there can be scenario where the UE does not need to receive SSB. In such case, it can beneficial for UE to transmit the semi-static UL instead. Due to the UE RRM requirement, UE may need to prioritize SSB in some occasions. Therefore, in our view, it is reasonable to support a modified version of Option 3, i.e., leave it to UE implementation whether to receive the SSB or transmit the UL transmission based on the RRM requirement of the UE.
[bookmark: _Toc71680840]For Case 5, support a modified version of Option 3, i.e., leave it to UE implementation whether to receive the SSB or transmit the UL transmission based on the RRM requirement of the UE for the case of SSB overlaps with semi-statically configured UL transmission. 

Regarding whether/how to account for Tx/Rx switching time before and after the set of SSB symbols, we note that there is no switching time involved since both cases discussed above involve prioritizing either SSB or UL. Thus, there is no need to account for Tx/Rx switching time before and after the set of SSB symbols.  
For the case of SSB immediately followed by an UL transmission or SSB immediately follows the last symbol of UL transmission, the UE behavior as described in the working assumption for Case 9 can ensure that Tx/Rx switching time is fulfilled.
Regarding whether or not the semi-static configured UL transmission in Case 5 includes a valid RO, in our view the semi-static configured UL transmission should not include a valid RO with the understanding that SSB vs. valid RO can be included under Case 3.  

3.5	Case 8: Dynamic or semi-static DL vs. valid RO
From the last FL proposal during the email discussion in RAN1 #104bis-e [4]:
	· If a dynamically scheduled DL reception overlaps with a valid RO, down-select one of the following options:
· Option 1: Follow the handling of case 1 to cancel PRACH based on a timeline
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD considering the outcome of email thread [104b-e-NR-7.1CRs-03] 
· Option 3: Consider it as an error case (e.g. up to UE implementation)
· If a semi-static configured DL reception overlaps with a valid RO, down-select one of the following options:
· Option 1: Controlled by gNB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD considering the outcome of email thread [104b-e-NR-7.1CRs-03]
· Option 3: Consider it as an error case (e.g. up to UE implementation)
· FFS: whether/how to account for Tx/Rx switching time before and after the valid RO
· FFS: whether the same definition of valid RO is applied to HD-FDD RedCap UEs



In TDD, due to semi-static DL/UL configuration, it is not common that valid ROs overlap with DL reception. When that happens however, the existing collision handling principles of Rel-15/16 for NR TDD is to prioritize valid RO over DL.
	For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: ] symbols before the valid PRACH occasion, as described in Clause 8.1, the UE does not receive PDCCH, PDSCH, or CSI-RS in the slot if a reception would overlap with any symbol from the set of symbols.



In FDD operation, since any RO is a valid RO, it could happen that valid RO may overlap with some DL reception. Following the discussion in RAN1 #104bis-e, two main cases can be considered:
· valid RO overlaps with dynamically scheduled DL reception, 
· valid RO overlaps with semi-statically configured DL reception

For the case of valid RO overlaps with dynamically scheduled DL reception, in our view, Option 2 is a reasonable option. 
Option 1 may allow gNB to avoid scheduling DL overlapping with RO or choose to prioritize DL by scheduling an overlapping DL. One potential issue with this though is when gNB sends a PDCCH order to trigger random access. In that case it is reasonable that the UE follows the PDCCH order by prioritizing PRACH transmission over any overlapping DL reception. However, with Option 1, gNB may need to resort to unnecessarily conservative DL scheduling, since it may not be entirely clear when the PRACH transmission will take place, especially if the PRACH transmission is performed towards another gNB due to a handover attempt. This implies that gNB may need to avoid doing DL scheduling for an unnecessarily long time, simply to ensure that the PRACH transmission is not cancelled due to some DL transmission. This may cause unnecessarily long interruptions in the RedCap UE’s connectivity which is not preferred. 
On the other hand, Option 3 unnecessarily imposes a restriction on the scheduler configurations and is thus not preferred. 
[bookmark: _Toc71680841]For Case 8, support Option 2 for the case of valid RO overlaps with dynamically scheduled DL reception. 

For the case of valid RO overlaps with semi-statically configured DL reception, it is reasonable to reuse the existing collision handling principles of Rel-15/16 for NR TDD that valid RO is prioritized over semi-static DL (Option 2). Option 1 requires additional specification work on possible configuration/indication from gNB on which signal/channel to prioritize. In our view, it is not very important to have flexibility to prioritize case-by-case semi-static DL (except SSB) over valid RO. Similar as before, Case 3 unnecessarily imposes a restriction on the scheduler configurations.
[bookmark: _Toc71680842]For Case 8, support Option 2 for the case of valid RO overlaps with semi-statically configured DL reception. 

3.6	Case 9: Collision due to direction switching
RAN1#104bis-e reached the following working assumptions [2]:
	Working assumption:
· For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
· 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
· FFS NTX-RX and NRX-TX
· FFS: how it jointly works with the agreement for other collision cases 




This case concerns the back-to-back DL/UL scenarios described below.
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.
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.

In our view, the immediate back-to-back (without gap) scenarios can be avoided for cases 1, 2, 3, and 4 above through proper gNB scheduler implementation. For cases 5 and 8, direction switching can be considered when relevant, and there is no need to define a separate rule for handling direction switching. We support to confirm the working assumption.
Regarding how it jointly works with the agreement for other collision cases, in our view there are clear rules for handing collision Cases 1, 2, 3, 4, 5, and 8 so when collision happens, the collision rules for different cases apply. After applying the collision handling rules, if there is still e.g. collision with the switching time, then UE behavior as in the working assumption above applies. 
Due to some diverse views from companies, it can be good to clarify the interpretation of the following UE behavior that it means that collision with the switching time after applying collision handling rules may occur (is allowed), and it is up to UE to ensure that the switching time is satisfied. 
· 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

[bookmark: _Toc71680843]For Case 9, revise the working assumption to clarify the interpretation of the UE behavior as follows.
· [bookmark: _Toc71680844]Collision with the switching time after applying collision handling rules may occur, and for such an occasion, it is up to UE to ensure that the switching time is satisfied.
4	Open issue: Whether to introduce semi-static UL/DL symbol configuration
In our view, there is no need for semi-static UL/DL symbol configuration for HD-FDD UEs. The switching time can be accounted for by gNB when scheduling. If overlapping still occurs, UE behavior as defined in 38.211 can apply. Furthermore, collision handling cases are already handled by different handling rules, and RAN1 have made agreements on these cases which could work without the need of having semi-static UL/DL symbol configuration.
On the other hand, semi-static UL/DL symbol configuration for HD-FDD UEs can have several drawbacks without clear benefit, e.g.,
· It causes unnecessary restriction for scheduler in FDD cell since it imposes a pattern for DL and UL. For HD-FDD, although UE cannot receive and transmit at the same time (need some time gap), it can be scheduled to transmit or receive at any time in a slot. Imposing DL/UL pattern thus leads to increased latency and decreased throughout. 
· It can lead to increased scheduling complexity. There can be other FD-FDD UEs in a cell which do not have restriction on DL reception and UL transmission. If we impose UL/DL symbol configuration for HD-FDD, then the scheduler would need to maintain or consider two different UE timing when scheduling which thus increases its complexity.

[bookmark: _Toc71680845][bookmark: _Toc67770535][bookmark: _Toc68673583]Do not introduce semi-static UL/DL symbol configuration for HD-FDD UEs. 
5	Conclusion
In the previous sections we made the following observations: 
Observation 1	The timing offset between DL and UL frames at the UE is based on a time unit finer than the symbol duration. Defining the guard time in symbol units is therefore not needed, as the end of guard time cannot be guaranteed to align with the symbol boundary after the UE switch from Rx to Tx, or from Tx to Rx.
Observation 2	Defining guard time in symbol units can increase latency due to the need to round up the switching time to align with the symbol boundary.
Observation 3	gNB can take into account the Tx/Rx switching time when scheduling dynamic DL to avoid collision with switching time, e.g., schedule DL to start at least 1 symbol after the first cancelled UL symbol.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For Case 1, there is no need to extend the timeline to include the Tx/Rx switching time for HD-FDD.
Proposal 2	For Case 2, if UL CI is supported by RedCap UE, PDCCH carrying UL CI does not have to be excluded in the collision handling rule. In the scenario where UL CI needs to be received, gNB can avoid scheduling UL in symbols which overlap with the UL CI or transmit UL CI on PDCCH monitoring occasion which does not overlap with some scheduled UL.
Proposal 3	For Case 3, an exception could be made on the case of cell-specifically configured DL reception vs. cell-specifically configured UL transmission, particularly SSB vs. ROs where overlapping occasions are allowed and it is up to UE to prioritize receiving SSB or transmitting PRACH based on the RRM requirement.
Proposal 4	For Case 5, support Option 1 for the case of SSB overlaps with dynamically scheduled UL transmission. With this option, gNB can still avoid scheduling UL overlapping with SSB.
Proposal 5	For Case 5, support a modified version of Option 3, i.e., leave it to UE implementation whether to receive the SSB or transmit the UL transmission based on the RRM requirement of the UE for the case of SSB overlaps with semi-statically configured UL transmission.
Proposal 6	For Case 8, support Option 2 for the case of valid RO overlaps with dynamically scheduled DL reception.
Proposal 7	For Case 8, support Option 2 for the case of valid RO overlaps with semi-statically configured DL reception.
Proposal 8	For Case 9, revise the working assumption to clarify the interpretation of the UE behavior as follows.
· Collision with the switching time after applying collision handling rules may occur, and for such an occasion, it is up to UE to ensure that the switching time is satisfied.
Proposal 9	Do not introduce semi-static UL/DL symbol configuration for HD-FDD UEs.
[bookmark: _In-sequence_SDU_delivery]References
RP-210918, “Revised WID on support of reduced capability NR devices”, Nokia and Ericsson, 3GPP TSG RAN #91e, March 2021. 
R1-2104027, “RAN1 agreements for Rel-17 NR RedCap”, Rapporteur (Ericsson), 3GPP TSG RAN1 #104bis-e, April 2021.
TS 38.213 V16.5.0, “Physical layer procedures for control (Release 16)”, March 2021.
R1-2103935, “FL summary #3 on duplex operation for RedCap”, Moderator (Qualcomm Inc.), 3GPP TSG RAN WG1 #104bis-e, April 2021.
	4/4	
image1.wmf
i


oleObject1.bin

image2.wmf
(

)

c

offset

TA,

TA

TA

T

N

N

T

+

=


oleObject2.bin

image3.wmf
offset

TA,

N


oleObject3.bin

image4.emf
Downlink frame i

Uplink frame i


Microsoft_Visio_2003-2010_Drawing.vsd
Downlink frame i


Uplink frame i



image5.wmf
(

)

f

max

c

1

N

f

T

×

D

=


oleObject4.bin

image6.wmf
4096

f

=

N


oleObject5.bin

image7.png




image8.wmf
gap

N


