3GPP TSG RAN WG1 Meeting #104b-e                                                                 	   R1-2103536
e-Meeting, April 12th – 20th, 2021

Agenda Item:	8.6.1.3
Source:	Lenovo, Motorola Mobility
Title:	Half duplex operation for RedCap
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#91e, the RedCap WID [1] was updated and agreed. One objective is to specify support of half duplex RedCap UEs,
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
Based on the WID, we provide views on half duplex operations for RedCap UEs and focus on the DL/UL collision handling for HD-FDD type A.
Discussion
Potential DL/UL collisions might happen for HD-FDD UEs. It was agreed in RAN1#104e to study following cases of collisions, 
· 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
Before discussing the details of the collision issues, it might be relevant to firstly discuss the determination of DL and UL transmission pattern for the RedCap HD-FDD UEs. To minimize the standard impact, the principle in LTE type-A HD-FDD on the transmission pattern could be reused here. The UE does not need a prior information of DL and UL transmission pattern, but to check PDCCH in each PDCCH monitoring occasion if it is not overlapped with any pre-assigned UL transmission. In case a UL is scheduled in a resource with an overlapped resource for DL reception, the UE would perform UL transmission and drop DL reception. From gNB point of view, since it knows the scheduled UL grants, it will not expect the UE to receive the DL signals in the corresponding resources for UL transmission. 
Proposal 1: To minimize the standard impact, the principle in LTE type-A HD-FDD on the determination of transmission pattern is reused for RedCap type-A HD-FDD. 
Following this principle in proposal 1, the collision in case 1/2/3/4 could be resolved based on implementation. However, using such principle might lead to non-efficient data scheduling especially if periodic UL CG resources is overlapped with DL transmission.  In this case, the gNB will not schedule DL transmission to the UE in the resources overlapped with CG, even there is no UL signals transmitted by the UE in the CG resources. This potentially impacts DL throughput and transmission latency for the HD-FDD UE.  
Observation 1: In general, the collision of DL and UL UE specific data transmission for HD-FDD can be resolved by implementation. However, avoiding DL scheduling to avoid collision with UL CG resource might not efficient since UE may not transmit anything in the CG resource.
Proposal 2: Study data transmission prioritization strategy for the case of DL scheduling collision with UL CG resources. 
In LTE, 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. This principle can be reused for Redcap HD-FDD to resolve the collision in case 9. In fact, due to the flexible PDSCH and PUSCH scheduling in terms of starting OFDM symbol and time domain duration, the UE might not need  puncture the DL reception for guard period, instead, the gNB could schedule the PDSCH flexibly in the OFDM symbols before a preceding PUSCH. 
Observation 2: For the potential collision due to direction switching, the legacy LTE principle can be reused by not receiving the last OFDM symbol(s) of PDSCH immediately preceding an uplink transmission. 
Regarding case 5 of the potential collision between the configured SSB and dynamically scheduled or configured UL transmission, the below principles defined in 38.213 [2] for the case of SSB collision with UL transmission for Rel-16 NR half-duplex UEs in TDD CA can be reused, i.e., UL transmission will be dropped when collision happens.
For a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in any of multiple serving cells by ssb-PositionsInBurst in SystemInformationBlockType1 or by ssb-PositionsInBurst in ServingCellConfigCommon, when provided to the UE, the UE does not transmit PUSCH, PUCCH, or 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 in any of multiple serving cells.
Observation 3: For the potential collision of SSB and UL, the NR principle to handle the similar collision for half duplex UEs in TDD CA can be reused by always dropping the UL transmission.  
The collision of case 8 does not happen for RRC_IDLE and RRC_INACTIVE UEs since there is no DL and UL collision during RACH procedure since the DL and UL is non-overlapped in time domain. For UE is in RRC_CONNECTED, the below principles defined in 38.213 [2] can be reused, i.e., DL reception will be dropped.  
For a set of symbols of a slot corresponding to a valid PRACH occasion and symbols before the valid PRACH occasion, as described in Sublcause 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.
Observation 4: For the potential collision of RO and semi-static DL, the NR principle to handle the similar collision can be reused by always dropping the DL reception. 

Conclusions
As a summary, we have the following observations and proposals on HD-UE operations for RedCap,
Observation 1: In general, the collision of DL and UL UE specific data transmission for HD-FDD can be resolved by implementation. However, avoiding DL scheduling to avoid collision with UL CG resource might not efficient since UE may not transmit anything in the CG resource.
Observation 2: For the potential collision due to direction switching, the legacy LTE principle can be reused by not receiving the last OFDM symbol(s) of PDSCH immediately preceding an uplink transmission. 
Observation 3: For the potential collision of SSB and UL, the NR principle to handle the similar collision for half duplex UEs in TDD CA can be reused by always dropping the UL transmission.  
Observation 4: For the potential collision of RO and semi-static DL, the NR principle to handle the similar collision can be reused by always dropping the DL reception. 
Proposal 1: To minimize the standard impact, the principle in LTE type-A HD-FDD on the determination of transmission pattern is reused for RedCap type-A HD-FDD. 
Proposal 2: Study data transmission prioritization strategy for the case of DL scheduling collision with UL CG resources. 
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