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1 Introduction
In the Rel-17 NR RedCap, half-duplex (HD) operation has been discussed in the last meeting with some conclusions. Also scaling factor issues was discussed with no RAN1 action.
Agreement

For Case 1, the existing timeline in Rel-15/16 NR for operation on a single carrier /single cell in unpaired spectrum is reused for HD-FDD
Agreement
· 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.

Note: With this agreement, no need to confirm below Working Assumption(From RAN1#104e)
Working Assumption (FromRAN1#104e )
· 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
Conclusion:

· No consensus on defining a guard time in symbol units for HD-FDD Type A operation in Rel-17

 

Agreement
Revise the RAN1#104bis-e agreement for Case 3 as the following
· For Case 3, semi-statically configured DL reception vs. semi-statically configured UL transmission

· A HD-FDD 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 in the set of symbols of the slot

· A HD-FDD 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 cell specific higher layer parameters configuring reception in the set of symbols of the slot

· Cell-specifically configured DL reception refers to PDCCH in Type-0/0A/1/2 CSS set

· FFS: whether or not there are conditions that need to be considered

 

Agreement
· For Type-A HD-FDD, no additional UE behaviour for UL/DL collision handling based on a priority indicator is specified as compared to the existing specification

 Agreement

· Whether or not to account for the Tx/Rx switching time before and after the set of SSB symbols can be further discussed under Case 9
Agreement
· For Case 8 of valid RO overlapping with dynamically scheduled DL reception, leave it to UE implementation whether to receive the dynamically scheduled DL or transmit PRACH
Agreement
· The same validation rules of MsgA PUSCH occasions and RO/Preamble-to-PRU mapping rules for FDD can be reused for HD-FD
Agreement 
· For HD-FDD, reuse the same principle as Rel-15/16 UE not capable of full-duplex communication
· A HD-FDD UE is not expected to transmit in the uplink earlier than NRX-TX Tc after the end of the last received downlink symbol in the same cell
· A HD-FDD UE is not expected to receive in the downlink earlier than NTX-RX Tc after the end of the last transmitted uplink symbol in the same cell
· NRX-TX Tc and NTX-RX Tc are the same as the transition time for FR1 in Table 4.3.2-3, TS 38.211 for a UE not capable of full-duplex communication
· (Working Assumption) The “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL may happen, i.e., are allowed for HD-FDD UEs.
· RRC configured DL/UL includes at least cell specific higher layer parameters configured DL/UL
· Discuss further whether to specify a clear UE behavior, or leave it to UE implementation to ensure that the switching time is satisfied
· Note: This does not mean a HD-FDD UE is required to support the back-to-back UL/DL switching without sufficient gap
In this contribution, we further discuss the remaining other issues for RedCap UE.   
2 UL/DL direction
The UL/DL directions still have few issues to be solved. The defined Case 5 and Case 9 still have some details to be solved. Selection on reusing rules for FDD, TDD, Single Carrier and Multiple Carrier’s cases are also to be considered, with minimal modification.
2.1 Case 5: Configured SSB vs. dynamically scheduled UL transmission

For SSB configured by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, the SSB reception is prioritized in TDD. In HD-FDD discussion, the process is categorized into 2 cases. One is for collision with dynamically scheduled UL. Another is the semi-statically configured UL.

For SSB overlapping with dynamically scheduled UL, we proposed to reuse the existing collision handling principles of Rel-15/16 for NR TDD. There is no motivation for introducing overriding SSB for purpose of date latency of RedCap UE.
In the current specification we understand the behavior is prioritize SSB reception. It seems the specification for TDD operation can be easily reused for HD-FDD. Dynamically UL transmission override the SSB will interrupt normal UE operation, which will introduce another condition for UE to check. 
Proposal 1: For configured SSB overlapping dynamically scheduled UL transmissions, HD-FDD UE reuse the existing collision handling principles of Rel-15/16 for NR TDD to prioritize the SSB reception.

2.2 Case 9: General collision due to direction switching
For Case 9, as specified in sub-clause 4.3.2 of TS 38.211, when switching the direction, a UE not capable of full-duplex communication is not expected to transmit or receive during the switching time. It defined this collision in switching time of NRX-TX Tc and NTX-RX Tc as error case. It actually results in gNB take the responsibility to avoid such collision by proper scheduling. In TDD operation, that would be feasible. Hower, when the HD-FDD UE in a cell already have considering the co-existence with the legacy full-duplex UE, it may not be possible for gNB have that configuration. Then, additional rule may be needed for HD-FDD UE, based on previous discussion.
The further question is how to solve it by specification. The most supported solution in principle is: it allows the case that UE have UL transmission or DL reception during the switching time, and it up to implementation on UE behavior of processing the case. That means the small switching time may have some signal not transmittable or receivable.
By this solution, specification change is needed. Since the text in 38.211 was originally for TDD to define error cases. For HD-FDD, it then should be looked as NOT an error case, e.g., UE determining the transmission or reception.
Proposal 2: For HD-FDD operation, collision handling due to transmission/reception switching between DL reception and UL transmission is left for UE determination.

Although we have agreed that the NRX-TX Tc and NTX-RX Tc are unchanged. It should be clarified the 38.211 specification is actually defined that configuration, e.g., asking for TX/RX switching short than the gap, is not expected by UE. Thus, we believe the HD-FDD behavior should be defined with different bullets.
Proposal 3: The HD-FDD operation collision handling due to transmission/reception is specified in 38.211.

3 MIMO layers and modulation orders
In the previous discussion, it can be concluded that at this point there is no specific issue related to max # of DL MIMO layers for discussion within RAN1 agenda. 
Since the modulation orders are directly related to the MCS tables, it has agreed the current configuration of the MCS table could be well accommodated the different capability of RedCap UEs. The remaining issues can be discussed in the UE feature session.

In combined with MIMO layer, modulation order and other factors, UE soft buffer size will be determined. Some of the discussion already taken in the previous meeting. There is no conclusion in RAN1. We also see some benefit to reduced limit, e.g., the production of layer, modulation order and scaling could be lower than 4. However, this could also be discussed in RAN2.
Proposal 4: Maximum number of DL MIMO layers and modulation orders does not need further discussion in RAN1.

4 Conclusion

In this contribution, we discussed the remaining other issues in RedCap UE. As summary, we have proposals:
Proposal 1: For configured SSB overlapping dynamically scheduled UL transmissions, HD-FDD UE reuse the existing collision handling principles of Rel-15/16 for NR TDD to prioritize the SSB reception.

Proposal 2: For HD-FDD operation, collision handling due to transmission/reception switching between DL reception and UL transmission is left for UE determination.

Proposal 3: The HD-FDD operation collision handling due to transmission/reception is specified in 38.211.

Proposal 4: Maximum number of DL MIMO layers and modulation orders does not need further discussion in RAN1.
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