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1 Introduction
In the study of Rel-17 NR RedCap, half-duplex (HD) operation is been identified as one of the RedCap capability components. The HD-FDD type A is selected as baseline over HD-FDD type B.    

In the work item phase, discussion is further on how to support HD-FDD type A in NR RedCap. Initial conclusion has been made:

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

In this contribution, we further discuss potential solutions to support HD-FDD Type A operation for RedCap UE. Issues for HD-FDD switching time is discussed. The potential enhancement points are also discussed.   
2 Half-duplex timing
In current NR specification, non-full-duplex mode is defined in the specification to support TDD UE and UE not able to receive and transmit in different carriers in same time. The concept was agreed as a starting point of supporting the HD-FDD into the specification.

Under this direction, the timing defined in the specification of around 13us can be reused for HD-FDD. The time duration would be further confirmed by RAN4.

	A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than [image: image2.png]NextxTe



 after the end of the last received downlink symbol in the same cell where [image: image4.png]Nex-Tx



 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 [image: image6.png]Nrxrelc



 after the end of the last transmitted uplink symbol in the same cell where [image: image8.png]Nrx-Rx



 is given by Table 4.3.2-3.
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Table 4.3.2-3: Transition time [image: image10.png]
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The definition of timing is not explicitly giving guard period in the frame structure. In LTE, the HD-FDD was defined in the frame structure and the location is in the end of subframe. For NR, the flexible scheduling was supported by UE as default. That can let NR UE support non-explicit location of guard period of non-full-duplex. In RedCap study, reducing scheduling flexibility is not identified as for complexity reduction. Thus, RedCap UE can also support flexible scheduling. 
Still, it is proposed by some contributions to define that switching timing into the frame structure. A flexible symbol would be used to indicate that guard symbol and UE will do the switching in that time. Then, this would mean HD-FDD UE should be configured with frame structure indication. One indication configuration is the TDD UL/DL configuration. Since this indication is mainly for TDD, we may not consider in FDD. Another is the SFI indication, which will require the group-common DCI monitoring. 

If not indicated explicitly, the RedCap UE can rely on the scheduling indication. That means gNB can not schedule UE for DL or UL in a symbol. Since gNB have all the information of scheduling, it is feasible. A small issue would be gNB also need to know exact Timing Advanced. And this may not be fully correct in some cases, e.g., unaligned/autonomous TA, initial access, etc. However, those can also be solvable if gNB can make more conservative scheduling to accommodate the possible misalignment. 
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Figure 1. UL/DL switching time for the HD-FDD operation
In overall, it seems the motivation to explicitly indication the switching time for HD-FDD operation is not well justified. Thus, from our point of view HD-FDD can rely on scheduling to ensuring its switching time.
Proposal 1: For UL to DL and DL to UL switching time, reuse existing switching times of non-full-duplex UE for a RedCap UE identified HD-FDD UE.
3 Definition and Identification of HD-FDD UE
The definition and identification would be another issue for HD-FDD RedCap UE. In NR specification, UE capability other than full-duplex UE will perform as same type of UE. However, it will bring too much flexibility for HD-FDD UE. Thus, we prefer to explicitly define that HD-FDD capability for RedCap UEs. We also suggest to no mandate only HD-FDD for RedCap UEs in paired spectrum, as there would be higher throughput requirement for some RedCap UEs.

It is also needed for gNB to know the HD-FDD RedCap UE. Scheduler should know that for the correct scheduling timing of HD-FDD.
 Proposal 2: UE capability of HD-FDD is explicitly defined and is able to be known by gNB.
The gNB should even know that capability in the earlier stage of access. When UE is into the initial access, it has to be provided with default timing for HARQ-ACK. Some of the default PUCCH resource sets take full slot. It is possible for zero gap between the PUCCH and previous DL transmission. It was also mentioned that the TA is not aligned in the Msg 1 transmission and would also have overlapped DL and UL in UE side. One of the solutions is let the gNB identify that HD-FDD UE in the beginning. 
The indication can be bundled into the RedCap UE type for earlier identification. Also, that earlier identification may always assume HD-FDD as default for RedCap UE. A HD-FDD capability can be reported by UE in later stage independently.
Proposal 3: The HD-FDD capability of RedCap UE should be identifiable by gNB during the initial access.
4 Conclusion

In this contribution, we discussed the further issues of HD-FDD capability in RedCap UE. As summary, we have proposals:
Proposal 1: For UL to DL and DL to UL switching time, reuse existing switching times of non-full-duplex UE for a RedCap UE identified HD-FDD UE.
Proposal 2: UE capability of HD-FDD is explicitly defined and is able to be known by gNB.
Proposal 3: The HD-FDD capability of RedCap UE should be identifiable by gNB during the initial access.
5 Reference
[1] RP-210918, Revised WID on support of reduced capability NR devices, Ericsson, Nokia 
[2] R1-2008837, Potential UE complexity reduction features for RedCap, Ericsson
[3] R1-2100165, Discussion on UE complexity reduction, OPPO
DL
UL
Slot 0
Slot 1
Slot 2
Slot 3
GAP/Flexible or Void scheduling
Timing Advanced



