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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for reduced capability devices [1], UE complexity reduction features are to be specified. One component of complexity reduction is the support for half-duplex operation –
· 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 agreement was made with respect to this issue –
Agreements:
· [bookmark: _Hlk67991443](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, 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:
· 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
In this contribution, we address issues related to half-duplex operation.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Half-Duplex Operation
RedCap UE can support half-duplex FDD operation (in addition to FDD and TDD) although the WID specifies that this feature should be supported with minimal specification impact. There are several RAN1 specification impacts for this feature, including –
· Switching times and switching positions between downlink and uplink
· Collision handling and traffic prioritization
· HARQ-ACK bundling support
For the switching time, it has been agreed as a working assumption to reuse existing switching times for UE not capable of full duplex in TS 38.211, Table 4.3.2-3. This table is duplicated below for reference –
Table 1. Transition time  and 
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792


Note that the switching time is 13 ms for FR1, which is less than 1 symbol for all applicable SCS values. For HD-FDD Type A UE, two separate local oscillators are present and therefore the switching times above should be sufficient. Therefore, from RAN1 perspective, it is proposed to confirm the working assumption.
Proposal 1: From RAN1 perspective, confirm the working assumption to reuse existing switching times for UE not capable of full duplex (Table 4.3.2-3 in 38.211) for half-duplex.
Another pending issue is the switching positions. One option is to reuse the following times ( and ) from 38.211. 
· 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. 
The other option is to adopt the definition of Type A HD-FDD from LTE, namely –
· For type A half-duplex FDD operation, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE
For the second option, the DL-to-UL guard time is created at the UE by ignoring the last symbol in the downlink subframe. There is no impact to the network transmission although the gNB may adjust the MCS to account for this. The UL-to-DL guard time is created by configuring additional timing advance adjustment at the gNB. This is shown in Figure 1.
[image: ]
[bookmark: _Ref68003600]Figure 1. HDD Type A guard times.
Our preference is to reuse the LTE definition for Type A HD-FDD where the switching times are incorporated into the guard period in the downlink subframe immediately preceding an uplink subframe from the same UE and the timing advance adjustment by the gNB.
[bookmark: _Hlk67996128]Proposal 2: For half-duplex FDD operation, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.
One issue is whether to define the guard times in symbol units. Based on the above proposal, it is seen that there is no need to define guard times in symbol units. 
Proposal 3: There is no need to define guard times in symbol units.
In half-duplex operation, the UE is always monitoring the downlink channel unless directed by the network to transmit something in the uplink. For collision handling, it has been agreed that, 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. In RAN1#104e, the following cases of potential collisions can be further studied to see if any change to the current specs is necessary. It was also noted that collisions may be addressed or alleviated with proper scheduling.
[bookmark: _Ref68005444]Table 2. Summary of potential collision cases.
	Case
	Collision
	Analysis
	Conclusion

	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
	In this case, the gNB should have the ability to override semi-statically configured UL transmission with dynamically scheduled PDSCH 
	Define rule - Dynamic scheduled DL reception is prioritized over semi-statically configured UL transmission

	2
	Semi-statically configured DL reception vs. dynamically scheduled UL transmission, e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH
	In this case, the gNB should have the ability to override semi-statically configured DL reception with dynamically scheduled UL transmission
	Define rule - Dynamic scheduled UL transmission is prioritized over semi-statically configured DL reception

	3
	Semi-statically configured DL reception vs. semi-statically configured UL transmission 
	This should be up to gNB scheduler to avoid by proper configuration
	Up to gNB implementation to avoid, no rule needed

	4
	Dynamically scheduled DL reception vs. dynamic scheduled UL transmission
	This case is unlikely to happen and it should be up to gNB scheduler to avoid this collision
	Up to gNB implementation to avoid, no rule needed

	5
	Configured SSB vs. dynamically scheduled or configured UL transmission, e.g., PUSCH, PUCCH, PRACH, SRS
	This collision can be avoided by the gNB.
	Up to gNB implementation to avoid, no rule needed

	8
	Dynamic or semi-static DL vs. valid RO
	UE may need to transmit the PRACH in case of PDCCH order. However, this situation is under the gNB control and can be avoided via implementation.
	Up to gNB implementation to avoid, no rule needed

	9
	Collision due to direction switching
	No issue
	No issue



Based on Table 2, the following proposal is made –
Proposal 4: Define the following collision handling for HD-FDD UE –
· Dynamically scheduled DL reception is prioritized over semi-statically configured UL transmission
· Dynamically scheduled UL transmission is prioritized over semi-statically configured DL reception
For other cases, it is up to the gNB implementation to avoid collision.
The final issue is about HARQ-ACK bundling support for HD-FDD. This can be used to increase throughput as the UE needs a smaller number of slots to transmit the acknowledgments. In our view, HARQ-ACK bundling support can be considered optimization and left to future release given WI guidance of specifying HD-FDD operation with minimum specification impact. 
Proposal 5: HARQ-ACK bundling is not considered in Rel-17.
Conclusions
In this contribution, we consider half-duplex operation and make the following proposals –
Proposal 1: From RAN1 perspective, confirm the working assumption to reuse existing switching times for UE not capable of full duplex (Table 4.3.2-3 in 38.211) for half-duplex.
Proposal 2: For half-duplex FDD operation, a guard period is created by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE.
Proposal 3: There is no need to define guard times in symbol units.
Proposal 4: Define the following collision handling for HD-FDD UE –
· Dynamically scheduled DL reception is prioritized over semi-statically configured UL transmission
· Dynamically scheduled UL transmission is prioritized over semi-statically configured DL reception
For other cases, it is up to the gNB implementation to avoid collision.
Proposal 5: HARQ-ACK bundling is not considered in Rel-17.
References
[1] [bookmark: _Ref3999986]RP-210918, “Revised WID on support of reduced capability NR devices,” Nokia, Ericsson, RAN#91-e, electronic meeting.
[2] [bookmark: _Ref60741089]TR 38.875, “Study on support of reduced capability NR devices,” v1.0.0, December 2020.
[3] [bookmark: _Ref60822310]R1-2100499, “UE Complexity Reduction Features,” Nokia, Nokia Shanghai Bell, RAN1#104-e, electronic meeting.
image1.emf
DL DL DL

UL UL UL

DL-to-UL guard / 

switching time

UL-to-DL guard / 

switching time

Created by 

timing advance

Created by ignoring 

last DL symbol



3GPP TSG RAN WG1 Meeting #


104b


is


-


e


 


R1


-


2


1


02651


 


e


-


Meeting, 


April 12


th


 


–


 


20


th


, 202


1


 


 


Agenda item:


 


 


8.


6


.1


.


3


 


Source:


 


Nokia


, 


Nokia


 


Shanghai Bell


 


Title:


 


UE Complexity Reduction Aspects Related to Duplex Operation


 


Document for:


 


 


D


iscussion and 


Decision


 


1


 


Introduction


 


In 


Rel


-


17 WI


 


for 


reduced capability devices


 


[1]


, 


UE complexity reduction features are to be specified


. One component of 


complexity reduction is the 


support for half


-


duplex operation


 


–


 


·


 


Duplex operation:


 


o


 


HD


-


FDD type A with the minimum specific


ation impact (Note that FD


-


FDD and TDD are also supported.)


 


In 


RAN1#104e, the following agreement was made with respect to this issue 


–


 


Agreements:


 


�


 


(Working assumption) For HD


-


FDD switching time, reuse existing switching times for UE not capable of full 


du


plex in TS 38.211, Table 4.3.2


-


3.


 


o


 


FFS: whether to define the guard times in symbol units


 


o


 


FFS: the switching positions


 


�


 


Sending an LS to RAN4 to inform the above working assumption, and to ask for feedback if any 


 


o


 


The LS will not include the two FFS bullets


 


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 d


eemed applicable.


 


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:


 


o


 


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


 


o


 


Case 2: Semi


-


statically configured DL reception vs. dynamically scheduled UL


 


transmission


 


§


 


e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH


 


o


 


Case 3: Semi


-


statically configured DL reception vs. semi


-


statically configured UL transmission


 


 


 


o


 


Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission


 


o


 


Ca


se 5: Configured SSB vs. dynamically scheduled or configured UL transmission


 


§


 


e.g., PUSCH, PUCCH, PRACH, SRS


 


o


 


Case 8: Dynamic or semi


-


static DL vs. valid RO


 


o


 


Case 9: Collision due to direction switching


 


In this contribution, we address issues related to 


half


-


duplex operation


.


 




3GPP TSG RAN WG1 Meeting # 104b is - e   R1 - 2 1 02651   e - Meeting,  April 12 th   –   20 th , 202 1     Agenda item:     8. 6 .1 . 3   Source:   Nokia ,  Nokia   Shanghai Bell   Title:   UE Complexity Reduction Aspects Related to Duplex Operation   Document for:     D iscussion and  Decision   1   Introduction   In  Rel - 17 WI   for  reduced capability devices   [1] ,  UE complexity reduction features are to be specified . One component of  complexity reduction is the  support for half - duplex operation   –      Duplex operation:   o   HD - FDD type A with the minimum specific ation impact (Note that FD - FDD and TDD are also supported.)   In  RAN1#104e, the following agreement was made with respect to this issue  –   Agreements:      (Working assumption) For HD - FDD switching time, reuse existing switching times for UE not capable of full  du plex in TS 38.211, Table 4.3.2 - 3.   o   FFS: whether to define the guard times in symbol units   o   FFS: the switching positions      Sending an LS to RAN4 to inform the above working assumption, and to ask for feedback if any    o   The LS will not include the two FFS bullets   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 d eemed applicable.   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:   o   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   o   Case 2: Semi - statically configured DL reception vs. dynamically scheduled UL   transmission      e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH   o   Case 3: Semi - statically configured DL reception vs. semi - statically configured UL transmission       o   Case 4: Dynamically scheduled DL reception vs. dynamic scheduled UL transmission   o   Ca se 5: Configured SSB vs. dynamically scheduled or configured UL transmission      e.g., PUSCH, PUCCH, PRACH, SRS   o   Case 8: Dynamic or semi - static DL vs. valid RO   o   Case 9: Collision due to direction switching   In this contribution, we address issues related to  half - duplex operation .  

