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[bookmark: _Ref521334010]Introduction
In RAN#90e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The WID was further updated in RAN#91e [3]. The RAN1 leading features were discussed during RAN1#104e, in which agreements on HD-FDD operation were reached [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
Agreements:
· For HD-FDD operation for RedCap UEs, consider at least the following DL/UL collision cases 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, or RO
· 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 6: Monitoring for UL cancellation indication (if supported) while transmitting in UL
· Case 7: Collision due to BWP switching (if supported)
· Case 8: Dynamic or semi-static DL vs. valid RO
· Case 9: Collision due to direction switching


In this contribution, we provide our views on the HD-FDD operation for RedCap UE. 

Discussion
Generally, the potential collision between DL and UL transmission can be addressed by proper configuration/scheduling of the gNB. For a gNB, it is unlikely to schedule the UL transmission and DL transmission at the same time for a HD-FDD UE. But when the timing relationship between DL and UL channels becomes more complicated, it may be difficult for the gNB to handle the collision perfectly. For example, one or more repetition(s) of CG-PUSCH may collide with configured SSB or PDCCH. Therefore, collision handling rules for HD-FDD operation may worth to be specified, and potentially provides scheduling/configuration flexibility for the gNB.
In the following sub-sections, we analyze the collision handling based on the single TDD cell operation specified in TS 38.213 [5].

Case 1 and Case 2
Case 1 and Case 2 are reflecting the possible collision between dynamic channels and semi-static channels of a UE. Normally, dynamic channels are only scheduled when the gNB thinks they are indeed needed, so they should be more important than semi-static ones. It is proper to prioritize dynamic channels over colliding semi-static channels. The TS 38.213 has already specified the related UE behavior.
	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. 
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 .


Hence, we have the following proposals for a RedCap UE with HD-FDD operation. Note that for the cancelation of UL transmission, UL processing time (e.g. ) should also be considered.
Proposal 1: For HD-FDD operation for a RedCap UE, if semi-static UL channels/signals are collided with dynamic DL channels/signals, the UE receives the dynamic DL channels/signals, if timeline allows.
Proposal 2: For HD-FDD operation for a RedCap UE, if semi-static DL channels/signals are collided with dynamic UL channels/signals, the UE transmits the dynamic UL channels/signals.

Case 3 and Case 4
Case 3 and Case 4 include the cases when collision may happen between DL or UL channels, when both of them are dynamic, or both of them are semi-static. For the semi-statically configured channels, all the related transmissions are predictable. There is no reason to configured collided directions at the same time for semi-static transmissions. The TS 38.213 has already specified the related UE behavior.
	For a set of symbols of a slot that are indicated to a UE as flexible by tdd-UL-DL-ConfigurationCommon, and tdd-UL-DL-ConfigurationDedicated if provided, the 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 by the UE in the set of symbols of the slot. 


Similarly, the gNB can also foresee and control the dynamic scheduling, so collision between different dynamic channels should be avoided. If a HD-FDD RedCap UE is dynamically scheduled to perform DL reception and UL transmission at the same time, it can consider this as an error case, and the UE behavior is unknown.
We have the following proposals for a RedCap UE with HD-FDD operation:
Proposal 3: For HD-FDD operation for a RedCap UE, the UE is not expected to handle the case when semi-static UL channels/signals are collided with semi-static DL channels/signals.
Proposal 4: For HD-FDD operation for a RedCap UE, the UE is not expected to handle the case when dynamic UL channels/signals are collided with dynamic DL channels/signals.

Case 5 and Case 8
Case 5 records the collision between SSB and UL transmission. SSB has the highest protection priority. Any UL transmissions, no matter dynamic or semi-static, will be dropped if collided with SSB in the single TDD cell. While in Case 8, collision between valid RO and DL transmission is to be discussed. Currently, any DL transmission (except for SSB) will be dropped if collided with valid RO. 
It is understood that SSB plays the most important role in the NR system. It is the key DL signal for cell selection, RACH procedure, paging procedure and so on. A gNB shall guarantee the transmission of SSB as much as possible. Similarly, valid RO plays an important role for RACH procedure. To guarantee the successful access and provide suitable wireless service, the gNB shall try its best to detect whether there is a UE transmits PRACH in the RO. 
	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. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.
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 Sublcause 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. 


In a TDD cell, both the gNB and the UE are operated in a TDD manner. Therefore, when SSB is transmitted, the gNB is not going to receive any UL signals in SSB symbols, making the UL transmission useless in SSB symbols. While in valid RO symbols, the gNB is not going to transmit any DL signals, making the DL reception pointless. 
However, it should be carefully checked whether the above rules in the single TDD cell can be completely reused for the HD-FDD case. The most significant difference is that the gNB is a FDD cell, which is capable to perform DL transmission and UL reception at the same time. From gNB’s view, even if the SSB is transmitted, the gNB can still receive any UL signals. If the HD-FDD RedCap UE is always forbidden to perform UL transmission in SSB symbols, the UL resource may be wasted from network perspective. 
Figure 1 illustrates the difference between the TDD cell and FDD cell (with HD-FDD UE).
[image: ]
[bookmark: _Ref68028434]Figure 1 Difference between TDD and FDD cell (with HD-FDD UE).
Hence, for HD-FDD RedCap UE, we suggest that the UE may be allowed to transmit UL signals when colliding with SSB. For similar reasons, we also suggest that the UE may be allowed to receive DL signals when colliding with valid RO. The details can be further studied.
Proposal 5: For HD-FDD operation for a RedCap UE, if UL channels/signals are collided with SSB, the UE may transmit the UL channels/signals. The details are FFS.
Proposal 6: For HD-FDD operation for a RedCap UE, if DL channels/signals are collided with valid RO, the UE may receive the DL channels/signals. The details are FFS.

Case 9
Case 9 is special for direction switching operation. When the UE retunes from one frequency to another, the RF circuit (especially the PLL and PA) is unstable. So during the retuning time, the UE is not capable for any transmission or reception. 
Proposal 7: For HD-FDD operation for a RedCap UE, during the direction switching time, the UE is not required to perform transmission or reception.

In summary, we think most of the principles in single TDD cell can be followed. But Case 5 and Case 8 may need further study. The suggested behaviors are summarized in Table 1.
[bookmark: _Ref68012338]Table 1 Collision handling for HD-FDD operation.
	Cases
	Collided channels
	UE behavior

	Case 1
	Dynamic DL vs. Semi-static UL
	Perform DL reception and drop the UL transmission, if timeline allows.

	Case 2
	Semi-static DL vs. Dynamic UL
	Perform UL transmission and drop the DL reception.

	Case 3
	Semi-static DL vs. Semi-static UL
	UE is not expected to handle this case.

	Case 4
	Dynamic DL vs. Dynamic UL
	UE is not expected to handle this case.

	Case 5
	Configured SSB vs. (Semi-static or Dynamic) UL
	May perform UL transmission, Need further study.

	Case 8
	Valid RO vs. (Semi-static or Dynamic) DL
	May perform DL reception. Need further study.

	Case 9
	Collision due to direction switching
	UE is not required to perform UL transmission or DL reception.



Conclusion
In this contribution, we provide our view on HD-FDD operation for RedCap UE. The proposals are summarized as follows:
Proposal 1: For HD-FDD operation for a RedCap UE, if semi-static UL channels/signals are collided with dynamic DL channels/signals, the UE receives the dynamic DL channels/signals, if timeline allows.
Proposal 2: For HD-FDD operation for a RedCap UE, if semi-static DL channels/signals are collided with dynamic UL channels/signals, the UE transmits the dynamic UL channels/signals.
Proposal 3: For HD-FDD operation for a RedCap UEs, the UE is not expected to handle the case when semi-static UL channels/signals are collided with semi-static DL channels/signals.
Proposal 4: For HD-FDD operation for a RedCap UEs, the UE is not expected to handle the case when dynamic UL channels/signals are collided with dynamic DL channels/signals.
Proposal 5: For HD-FDD operation for a RedCap UEs, if UL channels/signals are collided with SSB, the UE may transmit the UL channels/signals. The details are FFS.
Proposal 6: For HD-FDD operation for a RedCap UEs, if DL channels/signals are collided with valid RO, the UE may receive the DL channels/signals. The details are FFS.
Proposal 7: For HD-FDD operation for a RedCap UEs, during the direction switching time, the UE is not required to perform transmission or reception.
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