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1	Introduction
The Rel-17 work item description on support of reduced capability NR devices [1] has an objective to specify support for the following UE complexity reduction features:
· Reduced maximum UE bandwidth
· Reduced minimum number of Rx branches
· Reduced maximum number of DL MIMO layers
· Relaxed maximum DL modulation order
· Duplex operation: support HD-FDD type A with the minimum specification impact
In this contribution, we focus on aspects related to duplex operation.
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.)




In RAN1#104e, the following agreements on HD-FDD were reached [2]:
	Agreements:
· [bookmark: _Hlk66893973]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.
· [bookmark: _Hlk66881223]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




We discuss the following open issues according to the RAN1#104e agreements above.
a) whether to define the guard times in symbol units
b) potential collision between DL and UL
c) switching positions
[bookmark: _Ref178064866]2	Whether to define the guard times in symbol units
The current working assumption (pending on RAN4 confirmation) is to reuse existing switching times 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.
[bookmark: _Toc67770505][bookmark: _Toc68673578]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 times 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: _Toc67770506][bookmark: _Toc68673579]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, and do not specify guard times in symbol units.
3	Open issue: potential collision between DL and UL
In RAN1#103e, 7 collision cases were identified. We discuss each of these 7 cases. It has been agreed that 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.
Case 1: Dynamically scheduled DL reception vs. semi-statically configured UL transmission
The collision handling for case 1 has been specified in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum [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 .



Thus, if the UE is capable of partial cancellation in UL, the rule for TDD operation 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 start of semi-static UL 
We propose the same rule is applied to HD-FDD. Note that this rule, as well as those discussed below, are described from UE perspective, and therefore the timing of the UL symbols has included the timing advance.

Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
The collision handling for case 2 has been specified in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum:
	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.



Thus, the rule for TDD operation 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. We propose the same rule is applied to HD-FDD.

Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission 
The collision handling for case 3 has been specified in Rel-15/16 NR for TDD operation
	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.



Thus, the rule for TDD operation is that the UE does not expect to be configured with overlapped semi-static DL reception and semi-static UL transmission occasions. Such a case is considered a scheduling error case. We propose the same rule is applied to HD-FDD.

Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
This case is under the control of the gNB scheduler for avoiding any conflict between UL and DL. 

Case 5: Configured SSB vs. dynamically scheduled or configured UL transmission
The collision handling for case 5 has been specified in Rel-15/16 NR for operation on a single carrier/single cell in unpaired spectrum:
	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.



Thus, the rule for TDD operation is to cancel all the PUSCH, PUCCH, or PRACH transmission if any of its symbols overlaps with any of the SSB symbols. Also, any of the SRS symbols overlapping with an SSB symbol is cancelled. We propose the same rule is applied to HD-FDD. However, this rule may be extended to address the direction switching case. This will be discussed under case 9 below.

Case 8: Dynamic or semi-static DL vs. valid RO
The collision handling for case 8 has been specified in Rel-15/16 NR for TDD operation
	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.



Thus, the rule for TDD operation is to prioritize valid PRACH occasions, and the UE does not receive any DL symbols overlapping with the set of symbols corresponding to a valid RO plus Ngap symbols before the valid RO. We propose the same rule is applied to HD-FDD. This rule may be extended to address the direction switching case. This will be discussed under case 9 below.

Case 9: Collision due to direction switching
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, and there is no need to define a separate rule for handling direction switching. However, the definition of overlapped DL/UL symbols can be extended to include overlapping with the time intervals that are used for DL-to-UL or UL-to-DL switching. For example, for case 5, PUSCH, PUCCH, or PRACH transmission is cancelled if any of its symbols overlaps with any of the SSB symbols or the switching periods before and after the set of SSB symbols. Similarly, for Case 8, a dynamic or semi-static DL transmission is cancelled if it overlaps with a valid RO plus Ngap symbols before the valid RO or the switching periods before and after the RO.

[bookmark: _Toc67770527][bookmark: _Toc68673580][bookmark: _Toc67770528][bookmark: _Toc67770529][bookmark: _Toc67770530]For HD-FDD, reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum for the following collision cases. Case 1: dynamically scheduled DL reception vs. semi-statically configured UL transmission; Case 2: semi-statically configured DL reception vs. dynamically scheduled UL transmission; and Case 3: semi-statically configured DL reception vs. semi-statically configured UL transmission.
[bookmark: _Toc67770531][bookmark: _Toc68673581]Proper gNB scheduler implementation can avoid Case 4 (collision between dynamically scheduled DL reception and dynamic scheduled UL transmission).
[bookmark: _Toc67669165][bookmark: _Toc67770532][bookmark: _Toc67669166][bookmark: _Toc67669167][bookmark: _Toc67770534][bookmark: _Toc68673582]For Case 5 (configured SSB vs. dynamically scheduled or configured UL transmission) and Case 8 (dynamic or semi-static DL vs. valid RO) the notion of overlapped DL/UL symbols is extended to include overlapping with the time intervals that are used for DL-to-UL or UL-to-DL switching. With such an extension, the collision due to direction switching (i.e. Case 9) can be resolved.
4	Open issue: switching positions
In our view, there are clear rules for handing collision cases 1, 2, 3, 4, 5, 8, and 9 described in the previous subsection. From these rules, it is clear whether DL or UL symbols are prioritized. Thus, the proper switching positions have been implicitly defined. For example, for Case 1, the dynamically scheduled DL symbols are prioritized. Thus, the UE needs to make UL-to-DL switching at a proper time so that it is ready to receive the prioritized dynamically scheduled DL symbols.
[bookmark: _Toc67770535][bookmark: _Toc68673583]There is no need to explicitly specify the DL/UL switching position as the collision handling principles determine whether DL or UL symbols are prioritized in the various cases. The UE needs to make UL/DL switching at a proper time so that it is ready to handle the prioritized symbols.
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 times 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.

Based on the discussion in the previous sections we propose the following:
Proposal 1	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, and do not specify guard times in symbol units.
Proposal 2	For HD-FDD, reuse the existing collision handling principles in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum for the following collision cases. Case 1: dynamically scheduled DL reception vs. semi-statically configured UL transmission; Case 2: semi-statically configured DL reception vs. dynamically scheduled UL transmission; and Case 3: semi-statically configured DL reception vs. semi-statically configured UL transmission.
Proposal 3	Proper gNB scheduler implementation can avoid Case 4 (collision between dynamically scheduled DL reception and dynamic scheduled UL transmission).
Proposal 4	For Case 5 (configured SSB vs. dynamically scheduled or configured UL transmission) and Case 8 (dynamic or semi-static DL vs. valid RO) the notion of overlapped DL/UL symbols is extended to include overlapping with the time intervals that are used for DL-to-UL or UL-to-DL switching. With such an extension, the collision due to direction switching (i.e. Case 9) can be resolved.
Proposal 5	There is no need to explicitly specify the DL/UL switching position as the collision handling principles determine whether DL or UL symbols are prioritized in the various cases. The UE needs to make UL/DL switching at a proper time so that it is ready to handle the prioritized symbols.
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