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1	Introduction
In this contribution, we discuss the remaining open issues for the following WI objective on half-duplex FDD (HD-FDD) operation for RedCap UEs [1]:
	· 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#106bis-e reached the following agreements on HD-FDD [2]:
	Agreements:
· For Case 1, the existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD

Agreements:
· 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.
· Note: With this agreement, no need to confirm below Working Assumption (From RAN1#104e)
· Working Assumption (FromRAN1#104e )
· 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

Conclusion:
· No consensus on defining a guard time in symbol units for HD-FDD Type A operation in Rel-17
 
Agreements:
Revise the RAN1#104bis-e agreement for Case 3 as the following
· 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
· Cell-specifically configured DL reception refers to PDCCH in Type-0/0A/1/2 CSS set
· FFS: whether or not there are conditions that need to be considered
 
Agreements:
· For Type-A HD-FDD, no additional UE behaviour for UL/DL collision handling based on a priority indicator is specified as compared to the existing specification

Agreements:
· Whether or not to account for the Tx/Rx switching time before and after the set of SSB symbols can be further discussed under Case 9

Agreements:
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, leave it to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH

Agreements:
· The same validation rules of MsgA PUSCH occasions and RO/Preamble-to-PRU mapping rules for FDD can be reused for HD-FD

Agreements:
· 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
· NRX-TX Tc and NTX-RX Tc are the same as the transition time for FR1 in Table 4.3.2-3, TS 38.211 for a UE not capable of full-duplex communication
· (Working Assumption) The “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs. 
· RRC configured DL/UL includes at least cell specific higher layer parameters configured DL/UL
· Discuss further whether to specify a clear UE behavior, or leave it to UE implementation to ensure that the switching time is satisfied
· Note: This does not mean a HD-FDD UE is required to support the back-to-back UL/DL switching without sufficient gap




In the following section, we discuss the remaining issues for potential collision cases between DL reception and UL transmission.
2	HD-FDD collision between DL and UL
In previous RAN1 meetings, seven collision cases were identified [2]. Several agreements regarding details of how to handle potential collision cases have been reached. In the following, we discuss remaining open issues.
2.1	Case 5: Configured SSB vs. dynamically scheduled UL transmission
RAN1#106-e reached the following agreements [2]:
	Agreements:
· For Case 5 of SSB overlaps with in configured UL transmission, re-use the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over configured UL transmission
· The configured UL transmission includes CG-PUSCH, or SRS
· FFS: Confirm that PUCCH is included 

Agreements:
· For Case 5 of SSB overlaps with configured UL transmission, the configured UL transmission includes PUCCH transmission configured by higher layers
· Note:  The UL transmission indicated by DCI is supposed to be dynamic UL transmission.

Agreements:
· For Case 5 of dynamically scheduled UL transmission vs. SSB, one or both of the following options to be determined till next meeting:
· Option 1: Dynamically scheduled UL transmission is prioritized over SSB
· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission




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 operations, it could happen that candidate SSB positions may overlap with some UL transmissions. In RAN1#106-e, the case of SSB overlapping with semi-statically configured UL transmission was resolved by deciding that SSB is prioritized over configured UL transmission. The remaining case to consider is when SSB overlaps with dynamically scheduled UL transmission.
On an FDD carrier, at any given time there are both DL and UL resources, since there are separate DL and UL frequency allocations. Thus, in FDD every SSB symbol in principle overlaps with an UL symbol, from a network perspective. However, in the TDD case, such overlapping occurs much less often. Thus, we think reusing the existing collision handling principles of Rel-15/16 TDD (Option 2) for HD-FDD could result in unnecessary constraint for dynamic UL scheduling.
We see the benefit in supporting Option 1 for additional flexibility. For example, for SSB occasions intended for RRM measurements, gNB can avoid scheduling dynamic UL overlapping with such SSB. For other SSB occasions, gNB would have more flexibility to prioritize and schedule UL data without much constraint. Essentially, it is up to the gNB scheduler to schedule dynamic UL transmissions. In our view, this is flexible from scheduling perspective, and is consistent with the principle of dynamic scheduling, i.e., if the gNB decides to schedule an UL transmission dynamically, it expects the dynamic transmission to happen. To implement it in the specification, it is possible to simply expand the collision handling of Case 2 to include SSB as part of semi-static DL. 
In our view, the UE implementation impact of the collision handling according to Option 1 would be similar to that Case 2. Moreover, as PRACH triggered by PDCCH order is considered as dynamically scheduled UL in view of the previous agreement, Option 1 would imply that PRACH triggered by PDCCH order is prioritized over SSB. Nevertheless, if there are serious implementation concerns in general, we are open to discuss them.
Observation 1 [bookmark: _Toc87059905]For Case 5, if Option 1 is supported, PRACH triggered by PDCCH order is prioritized for the case of collision between PRACH triggered by PDCCH order and SSB.
[bookmark: _Toc78369380][bookmark: _Toc78369459][bookmark: _Toc78469519][bookmark: _Toc78990043][bookmark: _Toc79092559][bookmark: _Toc78369381][bookmark: _Toc78369460][bookmark: _Toc78469520][bookmark: _Toc78990044][bookmark: _Toc79092560][bookmark: _Toc87059907][bookmark: _Hlk83901732]For Case 5, support Option 1 for the case of SSB overlapping with dynamically scheduled UL transmission. 
· [bookmark: _Toc87059908]Note: With this option, gNB can still avoid scheduling UL overlapping with SSB.
2.2	Case 8: Dynamic DL vs. valid RO
For Case 8, the same collision handling was agreed in RAN1#106-e and RAN1#106bis-e [2] for all sub-cases, i.e., to leave it to UE implementation whether to receive DL or transmit PRACH.
	Agreements:
· For Type-A HD-FDD UEs, all ROs applicable to RedCap UEs are valid, and for the case of SSB overlapping with valid RO from cell specific point of view, leave it to UE implementation whether to receive SSB or transmit PRACH
· No support of differentiating of ROs for Type-A HD-FDD Redcap UEs and FD FDD RedCap UEs

Agreements:
· For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, leave it to UE implementation whether to receive configured PDCCH or transmit PRACH
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.

Agreements:
· For Case 8 of valid RO overlapping with UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS), leave it to UE implementation whether to receive the DL or transmit PRACH
· Note: For valid RO intended for PRACH triggered by PDCCH order, it has been covered in Case 2.

Agreements:
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, leave it to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH




Next, we discussed some open issues related to the agreements for Case 8.
FFS: whether or not the set of symbols overlapping with DL reception includes also Ngap symbols before the valid RO and whether the same value for Ngap in current spec is reused for HD-FDD
In RAN1#106bis-e, the latest discussion is based on FL proposal in Error! Reference source not found. copied below.
	FL1 High Priority Proposal 6.2-1:
· For Case 8, the set of symbols overlapping with semi-static or dynamic DL reception include Ngap symbols before the valid RO, and the same values for Ngap in Table 8.1-2 in TS 38.213 is reused for HD-FDD 
· FFS: whether or not to account for the Rx-to-Tx switching time when Ngap is zero




For simplicity, the same principle as in TDD rule (copied below) may be reused where the set of symbols overlapping with DL reception includes Ngap symbols before the valid RO, and the same value for Ngap in the current specification is reused for HD-FDD. When the collision happens, i.e., DL reception overlaps with set of symbols of a slot corresponding to a valid PRACH occasion including Ngap symbols before the valid PRACH occasion, the collision rule being defined for Case 8 and its sub-cases can be applied. In all sub-cases, the collision handling involves prioritizing either PRACH or DL reception, and thus there is no Tx/Rx switching involved anymore.
	For a set of symbols of a slot corresponding to a valid PRACH occasion and Ngap 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. 



However, for HD-FDD, there is a discussion on collision handling due to direction switching (Case 9) where the collision handling in case of non-overlapping UL/DL without sufficient time gap is considered. In this sense, Case 9 can cover also the scenario where PRACH immediately follows some DL. If there is a clear UE behavior defined, there is no need to include Ngap symbols before the valid PRACH occasion as part of the collision. 
Also, the existing Ngap value can be 0 in some cases which then lead to the scenario where PRACH immediately follows some DL. Thus, it can anyway be included in Case 9 to have a unified solution with a clear UE behavior. 
[bookmark: _Toc87059909]For Case 8, the set of symbols overlapping with DL reception does not include Ngap symbols before the valid RO. For the collision with switching time, i.e., PRACH immediately follows DL reception without sufficient time gap, it can be covered in Case 9 (non-overlapping UL/DL without sufficient time gap) where the UE behavior to ensure sufficient switching time is applied.

FFS: whether or not the same principle is applied to PUSCH occasion of MsgA in 2-step RACH, if supported
Regarding whether or not the same principle is applied to PUSCH occasion of MsgA in the 2-step RACH, we note that for 2-step RACH, PUSCH resources are configured resources and the actual PUSCH resource to use is associated with the selected preamble. As the PUSCH resources are configured, it is reasonable to treat PUSCH occasion of MsgA in the collision handling rule the same as other configured PUSCH. It should also be noted that the 2-step RACH can still fall back to the 4-step RACH. For example, when RA preamble is detected but PUSCH is not received, gNB may send fallback RAR (i.e., fallback to Msg3). Thus, there is no strong need to have a special treatment for PUSCH occasion of MsgA.
On the other hand, MsgA PUSCH occasions are cell-specifically configured time/frequency resources. From this perspective, it might be simpler to treat it the same as valid RO for collision handling so that no new rule specifically for MsgA PUSCH is needed.  
[bookmark: _Toc87059910]For collision handling, PUSCH occasion of MsgA in the 2-step RACH can be treated in the same way as either configured PUSCH or valid RO.

For contention based random access (CBRA), the UE randomly selects PRACH, and the network does not know which UE transmits MsgA until it decodes the MsgA. If the collision is related to DL transmission intended for a specific UE, the network will not know whether a PUSCH occasion is collided with or not. In that case, depending on the collision handling rule, all valid PUSCH occasions that could collide may need to be considered for possible collision.
Observation 2 [bookmark: _Toc87059906]For CBRA case, the network is not aware of which UE transmits MsgA until it decodes the MsgA. When transmitting a UE-specific DL transmission to a UE, the NW may need to take into account all valid PUSCH occasions of MsgA for possible collision. 
2.3	Case 9: Collision due to direction switching
RAN1#106bis-e reached the following agreement with a working assumption [2]:
	Agreements: 
· 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
· NRX-TX Tc and NTX-RX Tc are the same as the transition time for FR1 in Table 4.3.2-3, TS 38.211 for a UE not capable of full-duplex communication
· (Working Assumption) The “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs. 
· RRC configured DL/UL includes at least cell specific higher layer parameters configured DL/UL
· Discuss further whether to specify a clear UE behavior, or leave it to UE implementation to ensure that the switching time is satisfied
· Note: This does not mean a HD-FDD UE is required to support the back-to-back UL/DL switching without sufficient gap




The working assumption concerns the back-to-back non-overlapping 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.

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 to be defined as outlined in the working assumption above applies. 
The back-to-back non-overlapping UL/DL without sufficient gap scenarios might be avoided through proper gNB scheduler implementation for cases involving dynamic scheduling (cases 1, 2, and 3). However, for semi-statically configured DL/UL, it may be difficult in general for the network to avoid such scenario. There can be excessive restrictions imposed on network configuration if the above is interpreted as an error case. 
In our view, at least the following cases of the “back-to-back” non-overlapping UL/DL without sufficient gap should be allowed for HD-FDD UEs: 
· [bookmark: _Hlk86142037]between cell-specific configured DL and cell-specific configured UL

· between cell-specific configured DL and dedicated configured UL
· Note that it was already allowed to have overlapping cell-specific configured DL and dedicated configured UL, e.g., SSB vs. CG PUCH or SRS, where the collision handling rule was defined. The non-overlapping case clearly has no issue. Therefore, it is not reasonable to restrict only the configuration of the “back-to-back” non-overlapping for this case. 

· between dedicated configured DL and cell-specific configured UL
· Note that it was already allowed to have overlapping dedicated configured DL and cell-specific configured UL, e.g., PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS vs. PRACH, where the collision handling rule was defined. The non-overlapping case clearly has no issue. Therefore, it is not reasonable to restrict only the configuration of the “back-to-back” non-overlapping for this case.

The case of back-to-back non-overlapping UL/DL without sufficient gap between dedicated configured DL and dedicated configured UL can be further discussed. In our view, it is also reasonable to include it. This case can involve configurations of periodic DL/UL occasions (e.g., DL SPS or UL CG PUSCH) which may be difficult in general for the network to avoid such scenario for all the occasions.
Regarding whether to specify a clear UE behavior, or leave it to UE implementation to ensure that the switching time is satisfied, we prefer that a clear UE behavior is defined to ensure sufficient switching time. Since it is now agreed that the required DL/UL switching time is 13 us (less than 1 OFDM symbol), we propose to adopt a simple rule where an earlier DL reception or UL transmission is prioritized by puncturing or skipping the first symbol of the later UL transmission or DL reception.
[bookmark: _Toc87059911]For Case 9, confirm the working assumption from RAN1#106bis-e that the case of the “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs.
· [bookmark: _Toc87059912][bookmark: _Toc84011723][bookmark: _Toc84011855]RRC configured DL/UL includes 
· [bookmark: _Toc87059913]cell-specific configured DL and cell-specific configured UL
· [bookmark: _Toc87059914]cell-specific configured DL and dedicated configured UL
· [bookmark: _Toc87059915]dedicated configured DL and cell-specific configured UL
· [bookmark: _Toc87059916][bookmark: _Toc83898950][bookmark: _Toc83977240]dedicated configured DL and cell-specific configured UL
· [bookmark: _Toc87059917]UE behavior to ensure sufficient switching time is defined based on prioritizing an earlier DL reception or UL transmission by puncturing or skipping the first symbol of the later UL transmission or DL reception.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	For Case 5, if Option 1 is supported, PRACH triggered by PDCCH order is prioritized for the case of collision between PRACH triggered by PDCCH order and SSB.
Observation 2	For CBRA case, the network is not aware of which UE transmits MsgA until it decodes the MsgA. When transmitting a UE-specific DL transmission to a UE, the NW may need to take into account all valid PUSCH occasions of MsgA for possible collision.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For Case 5, support Option 1 for the case of SSB overlapping with dynamically scheduled UL transmission.
	Note: With this option, gNB can still avoid scheduling UL overlapping with SSB.
Proposal 2	For Case 8, the set of symbols overlapping with DL reception does not include Ngap symbols before the valid RO. For the collision with switching time, i.e., PRACH immediately follows DL reception without sufficient time gap, it can be covered in Case 9 (non-overlapping UL/DL without sufficient time gap) where the UE behavior to ensure sufficient switching time is applied.
Proposal 3	For collision handling, PUSCH occasion of MsgA in the 2-step RACH can be treated in the same way as either configured PUSCH or valid RO.
Proposal 4	For Case 9, confirm the working assumption from RAN1#106bis-e that the case of the “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs.
	RRC configured DL/UL includes
o	cell-specific configured DL and cell-specific configured UL
o	cell-specific configured DL and dedicated configured UL
o	dedicated configured DL and cell-specific configured UL
o	dedicated configured DL and cell-specific configured UL
	UE behavior to ensure sufficient switching time is defined based on prioritizing an earlier DL reception or UL transmission by puncturing or skipping the first symbol of the later UL transmission or DL reception.
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