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1. Introduction

In RAN1 #104-e meeting, RAN1 agreements on half duplex operation made for reduced capability NR devices were summarized in [1].

In this contribution, we discuss the open issues on half duplex operation for RedCap UEs.

2. HD-FDD switching time related issues

In RAN1#104-e meeting, an agreement on HD-FDD switching time was made as following:

	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 section, further analysis on the above two FFS are made as follows.

· FFS: whether to define the guard times in symbol units

Since multiple subcarrier spacings are supported for both FR1 and FR2 in NR, if switching time of Redcap UEs is defined in symbol units, multiple sets of switching time configuration corresponding to each subcarrier spacing should be defined in specifications which is much redundant and complex for RedCap UEs. Furthermore, in legacy NR, the definition of transition time for HD-TDD NR UEs is in unit of Tc, only a uniform value of transition time for FR1 or FR2 is defined in Table 4.3.2-3 of TS 38.211 regardless of the value of configured subcarrier spacing. Therefore, for switching time of HD-FDD RedCap UEs, it should reuse existing metrics of transition time for NR UE not capable of full duplex in Table 4.3.2-3 of TS 38.211.
Table 4.3.2-3: Transition time [image: image1.png]
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Proposal 1: For switching time of HD-FDD RedCap UEs, existing metrics of transition time for NR UEs not capable of full duplex in Table 4.3.2-3 of TS 38.211 Table 4.3.2-3 are reused.

· FFS: the switching positions

It is known that the starting position of transition time ([image: image5.png]
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) for NR UEs not capable of full duplex is at the end of the last reception/transmission symbol, and the corresponding description in specification is shown as below.
	TS 38.211 Section 4.3.2
A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than [image: image7.png]Ly



 after the end of the last received downlink symbol in the same cell where [image: image8.png]Npy.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: image9.png]oy



 after the end of the last transmitted uplink symbol in the same cell where [image: image10.png]Nty Rx



 is given by Table 4.3.2-3.


Therefore, for switching time of HD-FDD RedCap UEs, the starting position is at the end of the last symbol of the last transmission/reception.  
Proposal 2: For switching time of HD-FDD RedCap UEs, the starting position is at the end of the last symbol of the last transmission/reception.  
3. HD-FDD collision related issues

In RAN1#104-e meeting, the agreement on the potential collision cases for RedCap UE were made as following:

	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 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 section, some further analysis about these potential collision cases are given. 

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
The PUCCH mentioned in Case 1 should include HARQ-ACK information, SR, link recovery request (LRR) and CSI if necessary. Two types of CG PUSCH should also be included in “CG PUSCH”.
For Case 1, in general, it is mostly up to gNB’s scheduler to avoid the collision. However, if this type of collision happens, a UE behavior should be defined to handle the collision. In section 11.1 of TS 38.211, as shown in yellow highlight part as below, a clear UE behavior is defined for NR UEs not capable of full duplex communication to handle the collision of Case 1. The dynamically scheduled DL reception is prioritized for legacy NR UEs not capable of full duplex communication for Case 1. The same handling mechanism should be reused for HD-FDD RedCap UEs. 
	TS 38.213 Section 11.1
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 

-
the UE does not expect to cancel the transmission in symbols from the set of symbols that occur, relative to a last symbol of a CORESET where the UE detects the DCI format, after a number of symbols that is smaller than the PUSCH preparation time [image: image11.png]


 for the corresponding UE processing capability [6, TS 38.214] assuming [image: image12.png]day
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 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 [image: image14.png]


, where [image: image15.png]


 corresponds to the SCS configuration of the PRACH if it is 15kHz or higher; otherwise [image: image16.png]



-
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 and cancels the SRS transmission in remaining symbols from the subset of symbols 


Proposal 3: When dynamically scheduled DL reception collides with semi-statically configured UL transmission, the dynamically scheduled DL reception is prioritized for HD-FDD RedCap UEs.

Case 2: Semi-statically configured DL reception vs. dynamically scheduled UL transmission
· e.g., PDCCH or SPS PDSCH collides with dynamic PUSCH or PUCCH

Similar to the collision handling mechanism of Case 1, for Case 2, when semi-statically configured DL reception collides with dynamically scheduled UL transmission, the dynamically scheduled UL transmission is prioritized.
Proposal 4: When semi-statically configured DL reception collides with dynamically scheduled UL transmission, the dynamically scheduled UL transmission is prioritized for HD-FDD RedCap UEs.

Case 3: Semi-statically configured DL reception vs. semi-statically configured UL transmission

Since both DL and UL resources are semi-statically configured by gNB, in this case, the collision should be avoided by gNB scheduler. Therefore, there is no need to define a UE behavior to handle the collision of Case 3.

Proposal 5: For HD-FDD RedCap UEs, it is up to gNB implementation to avoid the collision between semi-statically configured DL reception and semi-statically configured UL transmission.

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

Since both DL and UL resources are dynamically scheduled by gNB, in this case, the collision should be avoided by gNB scheduler. It is not necessary to define a UE behavior to handle the collision of Case 4.

Proposal 6: For HD-FDD RedCap UEs, it is up to gNB implementation to avoid the collision between dynamically scheduled DL reception and dynamically scheduled UL transmission.

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

· e.g., PUSCH, PUCCH, PRACH, SRS

In legacy NR of unpaired spectrum, according to the description in section 11.1 of TS 38.213, the reception of the configured SSB is prioritized in case that configured SSB collides with the dynamically scheduled or configured UL transmission: 
	TS 38.213 Section 11.1
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.


Same UE behavior should be reused for HD-FDD RedCap UEs. Therefore, when configured SSB collides with dynamically scheduled or configured UL transmission, the reception of configured SSB is prioritized for HD-FDD RedCap UEs.

Proposal 7: When configured SSB collides with dynamically scheduled or configured UL transmission, the reception of configured SSB is prioritized for HD-FDD RedCap UEs.
Case 8: Dynamic or semi-static DL vs. valid RO

In legacy NR, according to the description in section 11.1 of TS 38.213, the PRACH preamble transmission in valid RO is prioritized in case valid RO collides with dynamic or semi-static DL.
	TS 38.213 Section 11.1
For a set of symbols of a slot corresponding to a valid PRACH occasion and [image: image17.wmf]gap
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 symbols before the valid PRACH occasion, as described in Subclause 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. 


The same UE behavior should be reused for HD-FDD RedCap UEs. Therefore, when dynamic or semi-static DL collides with valid ROs, the PRACH preamble transmission in valid RO is prioritized for HD-FDD RedCap UEs.

Proposal 8: When dynamic or semi-static DL collides with valid ROs, the PRACH preamble transmission in valid RO is prioritized for HD-FDD RedCap UEs.
Case 9: Collision due to direction switching

For Case 9 switching time is used for direction switching of HD-FDD RedCap UE from DL reception to UL transmission or from UL transmission to DL reception. The UE is not expected to do DL reception or UL transmission on the OFDM symbol(s) during the switching time. 
Proposal 9: HD-FDD RedCap UE is not expected to do DL reception or UL transmission on the OFDM symbol(s) during the switching time. 
Besides the collision cases summarized in the agreement, there may have potential collision Case 10 as discussed below:
Case 10: L1-RSRP measurements vs. Dynamic or semi-static UL transmission
In legacy NR, if configured by the network, the UE shall be able to perform L1-RSRP measurements based on configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP. The measurements shall be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-RSRP measurements within the active BWP. The UE shall be able to measure all CSI-RS resources and/or SSB resources of the nzp-CSI-RS-ResourceSet and/or csi-SSB-ResourceSet within the CSI-ResourceConfig settings configured for L1-RSRP for the active BWP, provided that the number of resources does not exceed the UE capability indicated by beamManagementSSB-CSI-RS.

For HD-FDD RedCap UEs, if the collision between L1-RSRP measurements and dynamic/semi-static UL transmission happens, the L1-RSRP measurement is prioritized. That is to say, HD-FDD RedCap UEs is not expected to do dynamic or semi-static UL transmission during the window of L1-RSRP measurement.
Proposal 10: The HD-FDD RedCap UE is not expected to do dynamic or semi-static UL transmission during the window of L1-RSRP measurement.
4. Conclusions

In this contribution, we have discussed the open issues on half duplex operation for RedCap UEs. We make the following proposals:

Proposal 1: For switching time of HD-FDD RedCap UEs, existing metrics of transition time for NR UEs not capable of full duplex in Table 4.3.2-3 of TS 38.211 Table 4.3.2-3 are reused.

Proposal 2: For switching time of HD-FDD RedCap UEs, the starting position is at the end of the last symbol of the last transmission/reception.  
Proposal 3: When dynamically scheduled DL reception collides with semi-statically configured UL transmission, the dynamically scheduled DL reception is prioritized for HD-FDD RedCap UEs.

Proposal 4: When semi-statically configured DL reception collides with dynamically scheduled UL transmission, the dynamically scheduled UL transmission is prioritized for HD-FDD RedCap UEs.

Proposal 5: For HD-FDD RedCap UEs, it is up to gNB implementation to avoid the collision between semi-statically configured DL reception and semi-statically configured UL transmission.

Proposal 6: For HD-FDD RedCap UEs, it is up to gNB implementation to avoid the collision between dynamically scheduled DL reception and dynamically scheduled UL transmission.

Proposal 7: When configured SSB collides with dynamically scheduled or configured UL transmission, the reception of configured SSB is prioritized for HD-FDD RedCap UEs.
Proposal 8: When dynamic or semi-static DL collides with valid ROs, the PRACH preamble transmission in valid RO is prioritized for HD-FDD RedCap UEs.
Proposal 9: HD-FDD RedCap UE is not expected to do DL reception or UL transmission on the OFDM symbol(s) during the switching time. 
Proposal 10: The HD-FDD RedCap UE is not expected to do dynamic or semi-static UL transmission during the window of L1-RSRP measurement.
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