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[bookmark: _Ref54129494]Introduction
In RAN1#104e, the following agreements were made relating to HD-FDD UEs [1]:
Agreements:

1. 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
This document considers some of the collision scenarios that can occur between DL and UL transmissions in an HD-FDD UE.

Applying switching position based on priority
The HD-FDD UE needs a switching gap to allow the UE to switch between DL reception and UL transmission. The length of the required switching gap is defined in TS 38.211, Table 4.3.2-3. The issue arises as to where the switching gap is to be applied: in the UL portion, in the DL portion or shared between the UL and DL portions.
5G-NR supports services with different reliability and latency requirements, including URLLC and eMBB services. Intra-UE collisions between these different services were considered in Rel-16. Two layer-1 physical layer priority levels were introduced to allow for prioritization between colliding allocations. The Redcap HD-FDD functionality should consider this prioritization when deciding where to apply the switching point.
It is proposed that when channels have different L1 priorities, the switching gap is applied in the channel with the lower priority. This helps to preserve the reliability and robustness of the channel with the higher priority. An example of this rule is shown in Figure 1. The figure shows a switch between a low priority PDSCH and a high priority PUSCH, where the switching portion is applied to the lower priority PDSCH.
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[bookmark: _Ref68660090]Figure 1 - Switching portion is created in the channel with lower L1 priority

Proposal 1: When there is an HD-FDD direction switch between channels with different L1 priorities, the switching gap is created in the channel with the lower L1 priority.

If, on the other hand, both channels had the same L1 priority, it is preferable to share the switching portion between the two channels, as shown in Figure 2.
[image: ]
[bookmark: _Ref68660335]Figure 2 – Switching gap is shared between channels with the same L1 priority
  
Proposal 2: When there is an HD-FDD direction switch between channels with the same L1 priorities, the switching gap is shared between the channels on either side of the switch.
Prioritisation between channels
In addition to the issue of where to apply the switching gap when there are UL and DL channels in adjacent slots, there is the issue of prioritization of channels when the channel occur at the same time (e.g. where one is semi-statically assigned and the other is dynamically assigned). This issue may also be resolved through the use of the L1 priority indicator.
Proposal 3: When two channels of different L1 priority collide, the channel with the higher L1 priority is transmitted (UL) or received (DL).

There are many cases where there are simply collisions between channels with the same L1 priority, or where L1 priority is not applied. In such cases, it is necessary to have some prioritization rules between channels. These collisions can be due to the scheduler updating its scheduling decision once a previous scheduling decision has been made. In such a case, the UE should just prioritise the transmission that was scheduled later, as illustrated in Figure 3. This figure shows a collision between a PUSCH and a PDSCH. Since the PUSCH was scheduled later (via DCI#2, which occurs later in time than DCI#1), the UE transmits the PUSCH rather than receiving the PDSCH.
[image: ]
[bookmark: _Ref68661360]Figure 3 – UE prioritises the channel that was scheduled latest

Proposal 4: When DG-PUSCH and DG-PDSCH collide, the channel that was scheduled latest is prioritized for transmission / reception.


There should also be a set of priority rules between different types of channel. Without discussing in detail our preference on a complete set of priority rules, Table 1 indicates an example set of priority rules between UL channels and DL channels.
[bookmark: _Ref68661732]Table 1 - Priority rules between UL and DL channels
	Uplink
	Downlink

	
	PDCCH
	PDSCH

	CG PUSCH
	DL has priority
	DL has priority

	DG PUSCH
	UL has priority
	Later grant has priority

	PUCCH (CSI)
	UL has priority
	DL has priority

	PUCCH (HARQ-ACK)
	UL has priority
	DL has priority

	PUCCH (SR)
	DL has priority
	DL has priority

	PRACH
	DL has priority
	DL has priority



Proposal 5: RAN1 defines a set of priority rules between different types of UL and DL channel in order to determine which channel is transmitted / received when there is an UL / DL collision.
Proposal 6: The prioritization rules between different UL and DL channels when there are HD-FDD collisions are according to the following table:
	Uplink
	Downlink

	
	PDCCH
	PDSCH

	CG PUSCH
	DL has priority
	DL has priority

	DG PUSCH
	UL has priority
	Later grant has priority

	PUCCH (CSI)
	UL has priority
	DL has priority

	PUCCH (HARQ-ACK)
	UL has priority
	DL has priority

	PUCCH (SR)
	DL has priority
	DL has priority

	PRACH
	DL has priority
	DL has priority




[bookmark: _Hlk47387515]Conclusions
This document has considered the placement of the switching time between different HD-FDD channels and the prioritization of channels that collide between the UL and DL. The following proposals are made:
Proposal 1: When there is an HD-FDD direction switch between channels with different L1 priorities, the switching gap is created in the channel with the lower L1 priority.
Proposal 2: When there is an HD-FDD direction switch between channels with the same L1 priorities, the switching gap is shared between the channels on either side of the switch.
Proposal 3: When two channels of different L1 priority collide, the channel with the higher L1 priority is transmitted (UL) or received (DL).
Proposal 4: When DG-PUSCH and DG-PDSCH collide, the channel that was scheduled latest is prioritized for transmission / reception.
Proposal 5: RAN1 defines a set of priority rules between different types of UL and DL channel in order to determine which channel is transmitted / received when there is an UL / DL collision.
Proposal 6: The prioritization rules between different UL and DL channels when there are HD-FDD collisions are according to the following table:
	Uplink
	Downlink

	
	PDCCH
	PDSCH

	CG PUSCH
	DL has priority
	DL has priority

	DG PUSCH
	UL has priority
	Later grant has priority

	PUCCH (CSI)
	UL has priority
	DL has priority

	PUCCH (HARQ-ACK)
	UL has priority
	DL has priority

	PUCCH (SR)
	DL has priority
	DL has priority

	PRACH
	DL has priority
	DL has priority
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