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1. Introduction

In RAN1#107-e meeting, the following agreements on HD-FDD RedCap are made in [1]:

Agreement

· For Case 5 of dynamically scheduled UL transmission vs. SSB, support Option 2 at least for dynamically scheduled UL transmission other than Msg3 (re)transmission and PUCCH for Msg4

· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission.

Agreement

· For MsgA PUSCH occasion overlapping with dynamic or semi-static DL reception, leave it to UE implementation to prioritize the DL reception or MsgA PUSCH transmission.

Agreement

· For the case of the “back-to-back” non-overlapping UL/DL without sufficient gap between cell specific configured DL and cell-specific configured UL, e.g., SSB or PDCCH in CSS vs. valid RO, it is up to UE implementation to ensure that the switching time is satisfied.
Agreement

· The “back-to-back” non-overlapping UL/DL without sufficient gap between cell-specific configured DL and dedicated configured UL may happen, i.e., allowed for HD-FDD UEs

· E.g., SSB vs. CG PUSCH, PUCCH or SRS

· Configured UL transmission is cancelled (as in the overlapping case)

· The “back-to-back” non-overlapping UL/DL without sufficient gap between dedicated configured DL and cell-specific configured UL may happen, i.e., allowed for HD-FDD UEs

· E.g., PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS vs. valid RO

· Leave it to UE implementation to cancel either DL reception or UL transmission to ensure sufficient switching time

Agreement

· No additional UE behavior for DL/UL collision handling is specified in Rel-17 if SFI monitoring is supported for HD-FDD RedCap UEs.
In this contribution, we discuss the collision handling rule of SSB vs. Msg3 (re)transmission and PUCCH for Msg4, and issue on no sufficient gap for switching time is also discussed.
2. Issue on collision handling rule of Case 5

In RAN1#107-e meeting, an agreement on collision handling for SSB and dynamically UL transmission was made as follows:

	Agreement

· For Case 5 of dynamically scheduled UL transmission vs. SSB, support Option 2 at least for dynamically scheduled UL transmission other than Msg3 (re)transmission and PUCCH for Msg4

· Option 2: Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission.




Regarding the collision of SSB vs. Msg3 (re)transmission and PUCCH for Msg4, in RAN1#107-e meeting, companies suggested SSB is prioritized by considering that a unified collision handling rule can be used in collision case 5 to minimize the specification modification. Moreover, Msg3 (re)transmission and PUCCH for Msg4 can be scheduled by gNB to avoid the overlapping with SSB. In case the collision happens, since RedCap UE may not be latency sensitive, Msg3 (re)transmission or PUCCH for Msg4 can be dropped in order to ensure the successful reception of SSB.
Regarding the above mentioned viewpoint, we have some considerations that should be clarified in the following.

Firstly, it needs to emphasize the principles of defining the collision handling rules for legacy TDD NR UE and HD-FDD RedCap UE are not same. 
· TDD and FDD are two different Division Duplexing mode. In TDD system frequency bandwidth are shared for UL and DL. But for FDD system, the bandwidth of UL and DL are separate in frequency domain, and even for HD-FDD UE when the overlapping between UL and DL happens in time domain the interference will not be introduced.

· For legacy TDD NR, there are only TDD NR UEs in TDD system, a unified solution is a good way to solve the collision. As for the definition of collision handling rules for HD-FDD RedCap UE, we need to consider FDD UEs, instead of TDD UEs. To be specific, at least both HD-FDD RedCap UE and FD-FDD RedCap UE exist in the FDD system. Furthermore, if Coverage Enhancement is supported, additional two types of RedCap UE with CE feature are added. Moreover, if considering legacy FDD NR UE and FDD NR UE with CE, there are at most six types of UE in FDD system. Therefore, it is expected that the collision handling rule not only should focus on HD-FDD RedCap UE(including HD-FDD RedCap UE with CE), but also has no impact on other FDD UEs. 
Observation 1: The principles of defining the collision handling rules for legacy TDD NR UE and HD-FDD RedCap UE are not the same. 
Observation 2: The collision handling rules of HD-FDD RedCap UE is not expected to have impact on other FDD UEs.
After HD-FDD RedCap UE has successfully access system, the UE features can be known by gNB, then gNB can schedule the UL resources of PUSCH and PUCCH not overlapped with SSB for HD-FDD RedCap UE to avoid the collision with SSB. But during RA procedure, gNB is not aware whether the UE is HD-FDD RedCap or FD-FDD RedCap.

Observation 3: Since UE features have been known by gNB after HD-FDD RedCap UE accesses system, gNB scheduling can be used for collision avoidance for PUSCH/PUCCH and SSB in RRC_CONNECTED mode.
Observation 4: During RA procedure, gNB is not aware whether a RedCap UE is HD-FDD RedCap or FD-FDD RedCap.
Secondly, for Msg3 (re)transmission and PUCCH for Msg4 during random access procedure, if SSB is prioritized when the collision happens, the solutions to collision handling such as gNB scheduling, UE dropping the overlapped UL resource, are not good for implementation and some drawbacks are foreseen as described in the following:

1) If gNB scheduling is not used to avoid the collision in advance, the overlapped Msg3 (re)transmission and PUCCH for Msg4 will be dropped by HD-FDD RedCap UE which is a different UE behavior for FD-FDD RedCap UE. Considering identification of HD-FDD RedCap UE during random access procedure is not supported, gNB cannot distinguish the FD-FDD RedCap UE and HD-FDD RedCap UE, and it may cause reception performance degradation of Msg3 (re)transmission and PUCCH for Msg4. For example, 
a. When Msg3 initial transmission is unsuccessfully detected by gNB, Msg3 retransmission is necessary and the HARQ combination of Msg3 retransmission will be performed by gNB. If the UE is a HD-FDD RedCap UE, the Msg3 initial transmission is actually dropped by the UE. So the received signals on the resources of Msg3 initial transmission by gNB for HARQ combination detection are only Noise. In this case, it will cause HARQ combination detection performance degradation for Msg3 retransmission. Though NW can configure higher Tx power for Msg3 retransmission or more repetition number of Msg3 retransmission to guarantee the detection performance, a much higher Tx power or much larger repetition number of Msg3 retransmission is needed. However, considering gNB cannot identify HD-FDD RedCap UE before initial access, the above operation to improve detection performance has to be applied to all UEs no matter whether the UE is a HD-FDD RedCap UE or not. It will cause higher power consumption of the UE and reduce the resource efficiency at gNB side. Unfortunately, for non-HD-FDD RedCap UE, this operation is redundant since a legacy Msg3 retransmission operation can serve it well and guarantee Msg3 retransmission can be successfully detected.
b. Regarding PUCCH for Msg4, if the overlapped PUCCH part is dropped, considering gNB cannot identify HD-FDD RedCap UE in advance, the signal (only Noise) on the dropped PUCCH resources will also be taken as PUCCH transmission by gNB. In this case, NACK may be detected as ACK and vice versa, which would cause larger access latency for the UE and lead to PUCCH detection performance degradation at the gNB side.
Observation 5: For the collision of SSB vs. Msg3 (re)transmission, if the overlapped resources of Msg3 (re)transmission are dropped by HD-FDD RedCap UE, the corresponding detection performance will be degraded seriously since noise or interference are used in the combination detection by gNB. 

Observation 6: For the collision of SSB vs. PUCCH for Msg4, if the overlapped resources of PUCCH for Msg4 are dropped by HD-FDD RedCap UE, NACK may be detected as ACK and vice versa, which would cause larger access latency for the UE and lead to network performance degradation. 

2) If gNB scheduling is used to avoid the collision, considering identification of HD-FDD RedCap UE during random access procedure is not supported, gNB should schedule UL resources for Msg3 (re)transmission or PUCCH for Msg4 that are not overlapped with SSB regardless of whether the UE is a HD-FDD RedCap UE or not. Obviously, it is not preferred for FD-FDD RedCap UEs since many transmission opportunities that can be used in fact will be dropped. It leads to transmission opportunities reduction within a contention resolution timer configured by high layer signaling ra-ContentionResolutionTimer. Considering the minimum value of SSB periodicity is 5ms, in this case, it is difficult for gNB to schedule a non-overlapped resources in time domain for Msg3 (re)transmission or PUCCH for Msg4 and it will cause the available resources for Msg3 (re)transmission or PUCCH for Msg4 seriously reduced. Finally, the average latency of random access procedure for FD-FDD RedCap UEs will be increased significantly. Moreover, if the PRACH resource for early indication of RedCap is not configured, in order to avoid the collision, the resources of Msg3 (re)transmission and PUCCH for Msg4 for legacy non-RedCap UE should also be allocated on the resources that are not overlapped with SSB. In this way, the random access procedure of legacy non-RedCap UE is impacted which is not expected.

Observation 7: For the collision of SSB vs. Msg3 (re)transmission and PUCCH for Msg4, if gNB scheduling is used to avoid the collision, it will cause the increase of latency of RA procedure for FD-FDD RedCap UE since identification of HD-FDD RedCap UE by Msg1 is not supported.

Observation 8: For the collision of SSB vs. Msg3 (re)transmission and PUCCH for Msg4, if the PRACH resource for early indication of RedCap is not configured, the random access procedure of legacy non-RedCap UE will be changed.

Thirdly, based on the discussion on reduced maximum UE bandwidth (Agenda Item 8.6.1.1) in RAN1#107-e meeting, an agreement is listed below:
	Agreement

For FR1,

· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,

· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.

· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0

· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective

· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,

· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation (except for standalone use for RRM measurement) based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.

· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.

· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.

· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB



From the wording of ‘If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB’ in the above agreement, we can see that SSB is not prioritized during RACH procedure.

Observation 9: From an agreement on reduced maximum UE bandwidth (Agenda Item 8.6.1.1) made in RAN1#107-e meeting, SSB is not prioritized during RACH procedure.
Furthermore, since in Rel-17 NR Coverage Enhancement Msg3 (re)transmission with repetitions has been supported, RedCap UE may also support this feature. In RAN1#107b-e meeting, an agreement on Msg3 repetition for both FD-FDD UEs and HD-FDD RedCap UEs is shown below:

	Agreement
All slots are considered as available slots for Msg3 repetition for both FD-FDD UEs and HD-FDD RedCap UEs.


From the above agreement, it means that when feature of Coverage Enhancement is supported by RedCap UE (including HD-FDD UE and FD-FDD UE) Msg3 repetitions should be transmitted on consecutive slots and Msg3 dropping/puncturing is not expected. Furthermore, it means that Msg3 (re)transmission has higher transmission priority during RA procedure for both FD-FDD UEs and HD-FDD RedCap UEs. In order to be consistent with the agreement on NR coverage enhancement, SSB reception should not be prioritized.

Observation 10: For HD-FDD RedCap UE, if feature of Coverage Enhancement is supported, Msg3 (re)transmission during RA procedure has higher priority.
Observation 11: For the collision of SSB vs. Msg3 (re)transmission and PUCCH for Msg4 for HD-FDD RedCap UE, if SSB is prioritized, it will conflict with the principle defined in Rel-17 NR Coverage Enhancement. 
Therefore, for Case 5 of dynamically scheduled UL transmission vs. SSB, it is suggested that Option 1, that is dynamically scheduled UL transmission is prioritized over SSB, is preferred when Msg3 (re)transmission and PUCCH for Msg4 overlaps with SSB reception.
Proposal 1: For Case 5 of dynamically scheduled UL transmission vs. SSB, support Option 1 when Msg3 (re)transmission and PUCCH for Msg4 overlaps with SSB reception. 

· Option 1: Dynamically scheduled UL transmission is prioritized over SSB

3. Issue on switching time after collision handling rules

In specification of TR38.822, “partial cancellation” is optionally supported and is applied for higher layer configured PUSCH/PUCCH/PRACH, as is shown below: 

	22-9
	Cancellation of PUCCH, PUSCH or PRACH with a DCI scheduling a PDSCH or CSI-RS or a DCI format 2_0 for SFI
	A UE supports the partial cancellation of the PUCCH or PUSCH or PRACH configured transmission:

1.
The UE cancels the configured PUCCH or PUSCH or PRACH in a set of symbols of a slot due to detection of a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as downlink or flexible.

2.
The UE cancels the configured PUCCH or PUSCH or PRACH in a set of symbols of a slot due to a DCI format 2_0 being configured but not detected, when either a subset of symbols from the set of symbols are indicated as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, or tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not provided to the UE.

3.
The UE cancels the configured PUCCH or PUSCH or PRACH in a set of symbols of a slot due to the detection of a DCI format 1_0, DCI format 1_1, DCI format 1_2 or DCI format 0_1 and DCI format 0_2 indicating to the UE to receive CSI-RS or PDSCH in a subset of symbols from the set of symbols.
	
	partialCancellationPUCCH-PUSCH-PRACH-TX-r16
	FeatureSetUplink-v1630
	n/a
	n/a
	 
	Optional with capability signalling


From the above table, it can be seen that if UE indicates supporting of partial cancellation it can support partial transmission of the higher layer configured PUSCH/PUCCH/PRACH which is not overlapped with DL. Furthermore, “partial cancellation” is not restricted for TDD system only, which means that UE in FDD system can also support this feature. 

Observation 12: UE feature of “partial cancellation” can be applicable in FDD NR system.
Regarding the RedCap UE capabilities, the following agreement was made in RAN1#106-e meeting, it was still FFS whether capability signaling in TR38.822 is applicable or not.
	Agreements: (no spec impact)
· For the RedCap UE capabilities, current definition of Rel-15/16 L1 UE capabilities mandatory without capability signalling in TR38.822 is reused by default, unless any update is agreed

· Note: UE capabilities related to CA, DC and wider max UE bandwidth are not applicable to RedCap UEs

· FFS: whether any L1 UE capabilities mandatory/optional with capability signalling are not applicable to RedCap UEs




For the collision cases of HD-FDD RedCap UE, if “partial cancellation” is not applicable, the whole of the configured PUSCH/PUCCH/PRACH will be skipped and thus the issue on no sufficient gap for switching time will not exist. But if “partial cancellation” is applicable and supported, it will become a little complicated since the collision handling rule should include not only skipping the overlapped resources but also ensure a sufficient gap for switching time. 

Observation 13: Based on agreement on RedCap UE capabilities made in RAN1#106-e meeting, UE capability of “partial cancellation” has not been excluded from RedCap UE capabilities.
Furthermore, the identity of potential collision cases was agreed in RAN1#104-e meeting, and is listed as below: 
	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


From the above agreement we can see that if “partial cancellation” is supported for HD-FDD RedCap UE, the collision handling rules for Dynamic PDSCH or CSI-RS vs. configured PUCCH or CG PUSCH of Case 1 and Dynamic DL vs. valid RO of Case 8 may be impact. 

For Case 8, since it is agreed UE implementation is used for collision handling, even though “partial cancellation” is supported by HD-FDD RedCap UE, it is still up to UE implementation to ensure sufficient gap for switching time. For Case 1, since it is agreed that dynamically scheduled DL is prioritized, if “partial cancellation” is supported for HD-FDD RedCap UE, collision handling rules for Dynamic PDSCH or CSI-RS vs. configured PUCCH or CG PUSCH of Case 1 will be impacted.
Observation 14: For Dynamic DL vs. valid RO of Case 8, even though “partial cancellation” is supported by HD-FDD RedCap UE, it is still up to UE implementation to ensure sufficient gap for switching time.
Observation 15: For Dynamic PDSCH or CSI-RS vs. configured PUCCH or CG PUSCH of Case 1, if “partial cancellation” is supported by HD-FDD RedCap UE, the collision handling rule will be impacted.
Proposal 2: At least for Case 1, the specification impact on collision handling rule should be discussed if “partial cancellation” is supported by HD-FDD RedCap UE.
For other collision cases, including Case 2,3,4 and 5, the corresponding agreed collision handling rules can also be used to solve the issue on no sufficient gap after the collision handling. For example,

(1) For the collision cases that prioritized channel has been defined by the corresponding handling rules, such as Case 2/5, the channel with lower prioritized will be dropped, and issue on no sufficient gap for switching time does not exist;

(2) For the collision cases that gNB scheduling is used to avoid the collision, such as Case 3/4, gNB scheduling should also be used to ensure the sufficient gap;

Observation 16: For Case 2/5, the overlapped channel with lower prioritized determined by the corresponding collision handling rule will be dropped, and issue on no sufficient gap for switching time does not exist.
Observation 17: For Case 3/4, gNB scheduling can be used to ensure the sufficient gap.
4. Solution to “back-to-back” non-overlapping UL/DL without sufficient gap

In RAN1#107-e meeting, two agreements on the solution to solve the issue of the “back-to-back” non-overlapping UL/DL without sufficient gap were made as following:

	Agreement

· For the case of the “back-to-back” non-overlapping UL/DL without sufficient gap between cell specific configured DL and cell-specific configured UL, e.g., SSB or PDCCH in CSS vs. valid RO, it is up to UE implementation to ensure that the switching time is satisfied.


	Agreement

· The “back-to-back” non-overlapping UL/DL without sufficient gap between cell-specific configured DL and dedicated configured UL may happen, i.e., allowed for HD-FDD UEs

· E.g., SSB vs. CG PUSCH, PUCCH or SRS

· Configured UL transmission is cancelled (as in the overlapping case)

· The “back-to-back” non-overlapping UL/DL without sufficient gap between dedicated configured DL and cell-specific configured UL may happen, i.e., allowed for HD-FDD UEs

· E.g., PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS vs. valid RO

· Leave it to UE implementation to cancel either DL reception or UL transmission to ensure sufficient switching time


In Section 17.2 of the latest specification of TS38.213 v17.0.0, the corresponding description mapping to the two above agreements are:
	If a HD-UE would transmit a PUSCH, or PUCCH, or SRS based on a configuration by higher layers and the HD-UE is indicated presence of SS/PBCH blocks by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon, the HD-UE does not transmit 

-
PUSCH or PUCCH if a last symbol of the PUSCH or PUCCH transmission would not be at least [image: image1.png]Nrsps * Te



 [4, TS 38.211] prior to a first symbol of the next earliest SS/PBCH block
-
PUSCH or PUCCH if a first symbol of the PUSCH or PUCCH transmission would not be at least [image: image2.png]Negrs * Te



 [4, TS 38.211] after a last symbol of the previous latest SS/PBCH block 
-
SRS in symbols that would not be at least [image: image3.png]Nrsps * Te



 prior to a first symbol of the next earliest SS/PBCH block

-
SRS in symbols that would not be at least [image: image4.png]Negrs * Te



 after a last symbol of the previous latest SS/PBCH block


	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 by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon in a set of symbols, and the HD-UE would transmit PRACH or MsgA PUSCH starting or ending at a symbol that is earlier or later than [image: image5.png]I



 or [image: image6.png]Ntsry * T,



, 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.


From the above description of the latest specification, we can see that not all the cases of the “back-to-back” non-overlapping UL/DL without sufficient gap have been solved.  
In order to make it easier to find which cases of “back-to-back” non-overlapping UL/DL without sufficient gap are still not solved, we make a summary list in Table 1. In Table 1, we try to map each solved “back-to-back” non-overlapping case to a collision case (Case 1,2,3,4,5,8) which has the same UL and DL channels, and then we can find the unsolved “back-to-back” non-overlapping cases. In this section, a clear solution to solve the issue on no sufficient gap for the unsolved “back-to-back” non-overlapping cases are given.   
Table 1: Summary list for “back-to-back” non-overlapping cases
	“back-to-back” non-overlapping case
	Solutions for sufficient gap defined by agreements or specified in the latest specifications 

	Case 1
	Non-Overlapping, but no sufficient gap
	No

	Case 2
	Non-Overlapping, but no sufficient gap
	No

	Case3
	Non-Overlapping, but no sufficient gap
	No

	Case4
	Non-Overlapping, but no sufficient gap
	No

	Case 5
	Non-Overlapping, but no sufficient gap
	Partly Yes. Case of SSB vs. dynamically scheduled UL does not have a solution

	Case 8
	Non-Overlapping, but no sufficient gap
	Yes


From Table 1, we can see that the unsolved cases of “back-to-back” non-overlapping UL/DL without sufficient gap including: Case 1,2,3,4 and Case 5 of SSB vs. dynamically scheduled UL.

Similar to the analysis in Section 3, solution to ensure sufficient gap for “back-to-back” non-overlapping UL/DL without sufficient gap of Case 1 will also be impacted if “partial cancellation” is supported for RedCap UE. 

Observation 18: For HD-FDD RedCap UE, solution to ensure sufficient gap for “back-to-back” non-overlapping UL/DL without sufficient gap of Case 1 will also be impact if “partial cancellation” is supported for RedCap UE.

For other unsolved “back-to-back” non-overlapping UL/DL without sufficient gap collision cases (Case 2,3,4 and Case 5 of SSB vs. dynamically scheduled UL), the corresponding agreed collision handling rules can also be used to solve the issue on no sufficient gap . For example,

(1) For “back-to-back” non-overlapping UL/DL without sufficient gap of Case 2 and Case 5 of SSB vs. dynamically scheduled UL, the channel with lower prioritized will be dropped, and issue on no sufficient gap for switching time does not exist;

(2) For “back-to-back” non-overlapping UL/DL without sufficient gap of Case 3 and Case 4, gNB scheduling should also be used to ensure the sufficient gap;

Observation 19: For “back-to-back” non-overlapping UL/DL without sufficient gap of Case 2 and SSB vs. dynamically scheduled UL of Case 5, the channel with lower prioritized will be dropped, and issue on no sufficient gap for switching time does not exist.
Observation 20: For “back-to-back” non-overlapping UL/DL without sufficient gap of Case 3 and Case 4, gNB scheduling can be used to ensure the sufficient gap.

Proposal 3: At least for “back-to-back” non-overlapping UL/DL without sufficient gap of Case 1, the specification impact on solution to ensure sufficient gap should be discussed if “partial cancellation” is supported by HD-FDD RedCap UE.
5. Conclusions

In this contribution, we have discussed the open issues on half duplex operation for RedCap UEs. We make the following observations and proposals:

Observation 1: The principles of defining the collision handling rules for legacy TDD NR UE and HD-FDD RedCap UE are not the same. 
Observation 2: The collision handling rules of HD-FDD RedCap UE is not expected to have impact on other FDD UEs.
Observation 3: Since UE features have been known by gNB after HD-FDD RedCap UE accesses system, gNB scheduling can be used for collision avoidance for PUSCH/PUCCH and SSB in RRC_CONNECTED mode.
Observation 4: During RA procedure, gNB is not aware whether a RedCap UE is HD-FDD RedCap or FD-FDD RedCap.
Observation 5: For the collision of SSB vs. Msg3 (re)transmission, if the overlapped resources of Msg3 (re)transmission are dropped by HD-FDD RedCap UE, the corresponding detection performance will be degraded seriously since noise or interference are used in the combination detection by gNB. 

Observation 6: For the collision of SSB vs. PUCCH for Msg4, if the overlapped resources of PUCCH for Msg4 are dropped by HD-FDD RedCap UE, NACK may be detected as ACK and vice versa, which would cause larger access latency for the UE and lead to network performance degradation. 

Observation 7: For the collision of SSB vs. Msg3 (re)transmission and PUCCH for Msg4, if gNB scheduling is used to avoid the collision, it will cause the increase of latency of RA procedure for FD-FDD RedCap UE since identification of HD-FDD RedCap UE by Msg1 is not supported.

Observation 8: For the collision of SSB vs. Msg3 (re)transmission and PUCCH for Msg4, if the PRACH resource for early indication of RedCap is not configured, the random access procedure of legacy non-RedCap UE will be changed.

Observation 9: From an agreement on reduced maximum UE bandwidth (Agenda Item 8.6.1.1) made in RAN1#107-e meeting, SSB is not prioritized during RACH procedure.
Observation 10: For HD-FDD RedCap UE, if feature of Coverage Enhancement is supported, Msg3 (re)transmission during RA procedure has higher priority.
Observation 11: For the collision of SSB vs. Msg3 (re)transmission and PUCCH for Msg4 for HD-FDD RedCap UE, if SSB is prioritized, it will conflict with the principle defined in Rel-17 NR Coverage Enhancement. 
Observation 12: UE feature of “partial cancellation” can be applicable in FDD NR system.
Observation 13: Based on agreement on RedCap UE capabilities made in RAN1#106-e meeting, UE capability of “partial cancellation” has not been excluded from RedCap UE capabilities.
Observation 14: For Dynamic DL vs. valid RO of Case 8, even though “partial cancellation” is supported by HD-FDD RedCap UE, it is still up to UE implementation to ensure sufficient gap for switching time.
Observation 15: For Dynamic PDSCH or CSI-RS vs. configured PUCCH or CG PUSCH of Case 1, if “partial cancellation” is supported by HD-FDD RedCap UE, the collision handling rule will be impacted.
Observation 16: For Case 2/5, the overlapped channel with lower prioritized determined by the corresponding collision handling rule will be dropped, and issue on no sufficient gap for switching time does not exist.
Observation 17: For Case 3/4, gNB scheduling can be used to ensure the sufficient gap.
Observation 18: For HD-FDD RedCap UE, solution to ensure sufficient gap for “back-to-back” non-overlapping UL/DL without sufficient gap of Case 1 will also be impact if “partial cancellation” is supported for RedCap UE.

Observation 19: For “back-to-back” non-overlapping UL/DL without sufficient gap of Case 2 and SSB vs. dynamically scheduled UL of Case 5, the channel with lower prioritized will be dropped, and issue on no sufficient gap for switching time does not exist.
Observation 20: For “back-to-back” non-overlapping UL/DL without sufficient gap of Case 3 and Case 4, gNB scheduling can be used to ensure the sufficient gap.

Proposal 1: For Case 5 of dynamically scheduled UL transmission vs. SSB, support Option 1 when Msg3 (re)transmission and PUCCH for Msg4 overlaps with SSB reception. 

· Option 1: Dynamically scheduled UL transmission is prioritized over SSB

Proposal 2: At least for Case 1, the specification impact on collision handling rule should be discussed if “partial cancellation” is supported by HD-FDD RedCap UE.
Proposal 3: At least for “back-to-back” non-overlapping UL/DL without sufficient gap of Case 1, the specification impact on solution to ensure sufficient gap should be discussed if “partial cancellation” is supported by HD-FDD RedCap UE.
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