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1. Introduction
	As of RAN#90-e meeting, the WI titled “Support of reduced capability NR devices” was approved [1]. The WI objectives are copied below from latest version of the WID [2] for convenience. Related to the duplex operation of RedCap, it is noted that HD-FDD type A is specified with the minimum specification impact. And also note that FD-FDD and TDD are also supported for RedCap UEs.
	4	Objective
4.1	Objective of Core part WI
This WI has the following objectives: 
· 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.)
· …


2. Discussion
	In this contribution, we present our views on the aspects related to the duplex operation of RedCap.

2.1. [bookmark: _Ref79156339]Collision handling
	In RAN1#104-e meeting (copied below), the basic principle to deal with the DL/UL collision cases and the DL/UL collision cases relevant to support HD-FDD type A operation were agreed.
	Agreements: (RAN1#104-e)
· 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: (RAN1#104-e)
· 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


And as a follow-up, agreements have been made on each of the collision cases.
	For Case 1, the following agreement was made.
	Agreements: (RAN1#104b-e)
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 the FFS whether the timeline is extended to include the RX/TX switching time for HD-FDD, we think there is no need to extend the timeline to include the Rx/Tx switching time for HD-FDD. Without extending the timeline, the HD-FDD UEs can switch from Rx to Tx during the baseband processing in preparation for UL transmission.
Proposal 1: For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), the existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD.
	For Case 5, the following agreements were made in RAN1#106-e meeting.
	Agreement: (106e)
· 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 

Agreement (106e)
· 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.

Agreement (106e)
· 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


For Case 5 of dynamically scheduled UL transmission vs. SSB, we prefer Option 2 (Reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission) for the following reasons. Same collision handling is preferred for both the configured and the dynamic. Furthermore, it should be noted that PUSCH repetitions for HD-FDD RedCap UEs are being discussed in CE WI. If the collision handling rules for CG- and DG-PUSCH are different, then the available slots for PUSCH transmissions will be different for the two cases making the UE behaviour unnecessarily complicated. 
Proposal 2: For Case 5 of dynamically scheduled UL transmission vs. SSB, reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission (Option 2).
	For Case 5, unlike the TDD case, the Rx-to-Tx switching time should be accounted for HD-FDD operation in FDD bands after the set of SSB symbols. That is, a UE is not expected to transmit in the uplink earlier than the Rx-to-Tx switching time after the end of the last received downlink symbol for SSB.
	For Case 8 (dynamic or semi-static DL vs. valid RO), the following three subcases have been discussed. 
· Valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set
· Valid RO overlapping with UE-dedicated configured DL reception (e.g. PDCCH in USS, SPS PDSCH, CSI-RS or DL PRS)
· Valid RO overlapping with dynamically scheduled DL reception
For each of the subcases, the following agreements were made in RAN1#106-e meeting.
	Agreement (106e)
· 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 

Agreement (106e)
· 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.

Agreement (106e)
· 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.

Agreement (106e)
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, downselect one of following options in next meeting
· Option 2: Leave to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH
· Option 3: Follow the handling of Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission)
· Option 4: Valid RO is prioritized over dynamic DL reception


For Case 8 of valid RO overlapping with dynamically scheduled DL reception, we prefer the collision handling principle that prioritizes the valid RO over the dynamic or semi-static DL for HD-FDD operation in FDD bands. However, unlike that in the TDD case, the Rx-to-Tx switching time should be accounted for HD-FDD operation in FDD bands before the valid RO. That is, a UE is not expected to receive in the downlink later than the Rx-to-Tx switching time before the start of (first uplink symbol for) the valid RO. We can also live with Option 3 if it is a majority view, as it is another way of clearly defining the UE behavior without ambiguity. 
Proposal 3: 	For Case 8 of valid RO overlapping with dynamically scheduled DL reception, valid RO is prioritized over dynamic DL reception. (Option 4)
	For Case 8, it is not quite clear if the following FFSs have already been resolved:
· FFS: whether to include also Ngap symbols before the valid RO for Case 8 and whether the same value for Ngap in current spec is reused for HD-FDD
· FFS whether a valid RO follows TDD’s or FDD’s definition, and if so, the corresponding impact
· FFS: whether or not the same principle is applied to PUSCH occasion of MSGA in 2-step RACH, if supported
Regarding the first FFS: whether to include also Ngap symbols before the valid RO for Case 8 and whether the same value for Ngap in current spec (Table 8.1-2 in TS 38.213) is reused for HD-FDD, we think the Rx-to-Tx switching time before the valid RO needs to be accounted for HD-FDD for all the subcases of Case 8. If the Ngap in the current spec already covers the Rx-to-Tx switching time, then no specification work may be needed. However, as there is a case that the Ngap is zero in the current spec (copied below), we think we should still consider the Rx-to-Tx switching in addition to the Ngap.
Table 8.1-2:  values for different preamble SCS 
	Preamble SCS
	

	1.25 kHz or 5 kHz
	0

	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2



Proposal 4: 	For Case 8, the Rx-to-Tx switching time before the valid RO needs to be accounted for HD-FDD.
For instance, taking the switching time into account in addition to the Ngap would be as follows in the spec:
	< TS 38.213 11.1 >
For a set of symbols of a slot corresponding to a valid PRACH occasion, and [image: ] symbols, and NGP 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. The UE does not expect the set of symbols of the slot to be indicated as downlink by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.


	The second FFS on the definition of valid RO has been resolved by the first agreement above.
	For the third one, we think the same principle for valid RO can be applied to PUSCH occasion of MSGA in 2-step RACH. However, as it may depend on which principle we set up for the valid RO, we are okay to hold the discussion until we settle down on the principle for a valid RO. Anyway, we can leave out the “if supported” in the FFS as it was agreed in the RAN2-led feature discussion to support the 2-step RACH for RedCap UEs as an optional feature.
	For Case 9, it was discussed in RAN1#106-e meeting with the following alternatives [3].
	· For collision with the switching time after applying collision handling rules, if exist, which of the following is the assumed UE behaviour:
· Alt. 1: Treat it as an error case 
· Alt. 2: Leave it to UE implementation to ensure the switching time is satisfied 
· Alt. 3: Consider it as an UL/DL collision and apply the associated collision handling rules defined in Case 1, 2, 3, 4, 5 and 8
· Al. 4: An earlier DL reception or UL transmission is prioritized by puncturing or skipping first few symbols of the later UL transmission or DL reception


And the latest FL proposal was as follows:
	FL8 Updated High Priority Proposal 4-1: Confirm the following modified version of the working assumption from RAN1#104bis-e:
· For HD-FDD UEs, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication when UL/DL collision happens and after collision handling 
· 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 (pending confirmation from RAN4)
· FFS: how it jointly works with the agreement for other collision cases 
Note: The case of the “back-to-back” non-overlapping UL/DL without sufficient gap may happen, i.e., are allowed for HD-FDD UEs but UE behaviour is unspecified


The note at the end of the FL8 Updated High Priority Proposal 4-1 has got the point in that the case of the back-to-back non-overlapping DL/UL without switching gap happens and should be allowed. However, we don’t think it is okay to not specify the UE behaviour in that case. Instead, the switching time should be part of the DL or UL depending on the priorities set by the corresponding collision handling rules that we have defined so far. So, our preference is Alt.3 above and therefore we propose the following:
Proposal 5: The cases of the “back-to-back” non-overlapping DL/UL without sufficient gap are allowed for HD-FDD UEs and in this case consider it as an DL/UL collision and apply the associated collision handling rules defined in Case 1, 2, 3, 4, 5 and 8.
	SSB may need to be received for measurement before, after or during UL transmission. For measurement using SSB, gNB configures an SMTC window during which a UE receives all SSBs or some SSBs in the corresponding window for measurement. In this case, a time duration in which the SSB is received for measurement purposes is defined, and for the time duration, a HD-FDD UE cannot expect UL transmission. For HD-FDD operation, the time duration for SSB reception for measurement may need to include a guard period before and/or after the SSB transmission symbols. In addition, when a measurement gap (MG) is set for intra-/inter-frequency measurement during which a UE does not expect DL reception and/or UL transmission. For determination of the time duration for SSB reception for measurement within the MG, the switching gap may need to be taken into account.
Proposal 6: Discuss the impact of switching gap for a HD-FDD UE on the measurement based on SSB.
· FFS whether/how to account for the switching gap in SSB-based measurement for a HD-FDD UE.

2.2. Switching time to support HD-FDD type A operation
	We have some remaining issues on the guard period as shown in the agreement below. Should it be defined as guard time (in us), or guard symbols? The discussion on whether to reuse the existing switching time defined in Clause 4.3.2 in TS 38.211 has also been pending waiting for RAN4 feedback.
	Agreements: (RAN1#104-e)
· (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 (RAN1#104-e)


Based on the feedback from RAN4, we are okay to confirm the working assumption on the HD-FDD switching time without the two FFSs. We don’t think we need to further consider the first FFS and the second FFS can be discussed separately in relation to the DL/UL collision handling in 2.1.
[bookmark: _GoBack]
3. Conclusion
In this contribution, we presented our views on the aspects related to the duplex operation of RedCap.
Proposal 1: For Case 1 (dynamically scheduled DL reception vs. semi-statically configured UL transmission), the existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD.	
Proposal 2: For Case 5 of dynamically scheduled UL transmission vs. SSB, reuse the existing collision handling principles of Rel-15/16 for NR TDD that SSB is prioritized over dynamically scheduled UL transmission (Option 2). 
Proposal 3: 	For Case 8 of valid RO overlapping with dynamically scheduled DL reception, valid RO is prioritized over dynamic DL reception. (Option 4)
Proposal 4: 	For Case 8, the Rx-to-Tx switching time before the valid RO needs to be accounted for HD-FDD.
Proposal 5: The cases of the “back-to-back” non-overlapping DL/UL without sufficient gap are allowed for HD-FDD UEs and in this case consider it as an DL/UL collision and apply the associated collision handling rules defined in Case 1, 2, 3, 4, 5 and 8.
Proposal 6: Discuss the impact of switching gap for a HD-FDD UE on the measurement based on SSB.
· FFS whether/how to account for the switching gap in SSB-based measurement for a HD-FDD UE.
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