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[bookmark: _Ref521334010]Introduction
In RAN#90-e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The latest WID was updated in RAN#92-e [2]. It was agreed to reduce Rx numbers, reduce DL MIMO layers, relax modulation order and support half-duplex mode for RedCap UE, aiming at reducing the complexity/cost of NR devices:
	…
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk58502022][bookmark: _Hlk58574559]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)


In this contribution, we discuss the remaining aspects related to complexity reduction for RedCap UE. 

Discussion
On support of half-duplex FDD
The following agreements were reached during RAN1#106bis-e [4]. 
	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


SSB vs. UL when available slot counting is considered
For support of half-duplex FDD, one remaining issue is the handling of SSB vs. dynamic UL transmission. As has been proposed in our companion paper [5], we believe ‘up to UE implementation’ is a suitable choice and considerable middle ground. This is our first preference to tackle the handling case of SSB vs. dynamic UL. 
Additionally, in Rel-17 coverage enhancement topic, new counting method of available slot is defined, and the following observation is drawn in RAN1#106bis-e [4].
	Observation
· Whether or not the counting based on available slots is applicable only to unpaired spectrum is not discussed under AI 8.8.1.1 in RAN1#106bis-e. Discussions on how HD-FDD RedCap UEs support the available slot counting may take place in AI 8.8.1.1 in RAN1#107-e, depending on the progress of RedCap WI discussions.


For available slot counting in PUSCH repetition type A, a 2-step procedure was agreed for the unpaired spectrum. Based on the progress in AI 8.8.1.1, the 2-step procedure can be briefly summarized as follows:
	Step 1: Determine available slots for Type A PUSCH repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI.
· Only tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationDedicated and ssb-PositionsInBurst are considered for the determination of available slots.
Step 2: Determine whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.


Available slot counting is beneficial in coverage, so it was proposed by many companies that HD-FDD RedCap UE shall support available slot counting in a similar way in paired spectrum. Hence, an inclusive solution is preferred to jointly consider HD-FDD and available slot for PUSCH repetition type A. For HD-FDD UE, since tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated are not configured in paired spectrum, the only RRC parameter needs to be considered in Step 1 should be ssb-PositionsInBurst.
The following solution in Table 1 is proposed. The HD-FDD UE behavior is based on the condition of:
(1). Whether it supports counting based on available slot
(2). Whether the PUSCH is dynamically scheduled
(3). Whether it is repetition type A
Note that, we already agreed to prioritize SSB over semi-static configured UL transmission.
[bookmark: _Ref86398817]Table 1 Proposed HD-FDD UE behavior of SSB vs. UL considering counting based on available slot for PUSCH repetition type A.
	UE capability
	PUSCH
	Repetition Type A
	HD-FDD UE behavior

	If a HD-FDD RedCap UE does NOT support counting based on available slot
	Dynamic scheduled
	Yes
	Up to UE implementation.

	
	
	No (e.g. no repetition)
	Up to UE implementation.

	
	Semi-statically configured
	Yes
	Drop the PUSCH repetitions overlapped with SSB.

	
	
	No
	Drop the PUSCH overlapped with SSB.

	If a HD-FDD RedCap UE supports counting based on available slot
	Dynamic scheduled
	Yes
	Up to UE implementation.

	
	
	No
	Up to UE implementation.

	
	Semi-statically configured
	Yes
	No dropping. PUSCH repetitions will only be transmitted in available slot.

	
	
	No
	Drop the PUSCH overlapped with SSB.


We have the following proposal.
Proposal 1: For HD-FDD, for the collision case of SSB vs. UL when counting based on available slot is considered, 
· If the UL is dynamically scheduled, leave it to UE implementation.
· If the UL is semi-statically configured, and if the UE supports counting based on available slots, and if the UL is PUSCH repetition type A, no dropping will happen and all PUSCH repetitions will only be transmitted in available slot.
· For other case, UL transmission is dropped.
Back-to-back non-overlapping UL/DL without sufficient gap
For the case of “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL, we have the following views.
· This is not a new issue and already happens in unpaired spectrum. But no specification impact was introduced except for the general guidance, i.e. UE is not expected to transmit/receive in the uplink/downlink earlier than NRX-TX Tc / NTX-RX Tc after the end of the last received/transmitted downlink/uplink symbol in the same cell.
· In most of the time, this case can be avoided by proper UE-dedicated RRC configuration by gNB. For example, the symbol location of SSB is fixed in the slot with a fixed periodicity. The gNB is able to configure the periodic-SRS in the symbols not overlapped with any SSB and with sufficient gap.
· Typically, RRC configured UL is periodic signals. Even if one transmission occasion is missed, the UE still has chance to transmit the UL information in the next available transmission occasion.
Therefore, we think this case can be left to UE implementation. In other words, if such corner case happens, the UE can take the liberty to perform DL reception, UL transmission or none of them. 
Proposal 2: For the case of “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL, leave it to UE implementation whether to perform DL reception, UL transmission or none of them.
Remaining issues in 2-step RACH
It was agreed that the same validation rules of MsgA PUSCH occasions and RO/Preamble-to-PRU mapping rules for FDD can be reused for HD-FDD. Therefore, all MsgA PUSCH occasions should be ‘valid’ even if they are overlapped with SSB. However, the collision handling of PUSCH occasions in 2-step RACH (i.e. MsgA PUSCH) and other channels (e.g. SSB), is still open. 
For collision handling of MsgA PUSCH with other channels, one possible way is to follow the handling rules of valid RO. This is due to the fact that MsgA PUSCH occasion is also a kind of cell-specific semi-static configured UL transmission. In this case, when SSB collides with MsgA PUSCH, it is up to UE implementation to transmit MsgA PUSCH or receive SSB.
On the other hand, MsgA PUSCH may not be as important as PRACH. Even if MsgA PUSCH is dropped, the gNB can still schedule a fallback Msg3 if only MsgA PRACH is received. So, another possible handling way is to consider MsgA PUSCH as configured UL transmission, e.g. CG-PUSCH. In this case, when SSB collides with MsgA PUSCH, SSB should be prioritized and MsgA PUSCH is dropped.
Therefore, we have the following proposal for MsgA PUSCH in HD-FDD operation.
Proposal 3: For the handling of MsgA PUSCH, the following alternatives can be considered:
· Alt.1: MsgA PUSCH follows the handling of valid RO. 
· Alt.2: MsgA PUSCH follows the handling of configured UL transmission.

On supported DCI 
For single UE scheduling, it was agreed that DCI format 0_0/1_0/0_1/1_1 are mandatory for RedCap UE. The RedCap UE can optionally support DCI format 0_2/1_2 as well. This is aligned with the non-RedCap UEs, and can help reducing the burden of gNB to support RedCap UE.
For group scheduling, DCI format 2_x is optional for non-RedCap UEs. Currently, there is no obvious preclusion for the RedCap UE to use DCI format 2_x. In our view, whether a RedCap UE supports a specific group common DCI should be based on the UE capability of the (mandatorily or optionally) supported features. For example, RedCap UE shall not support DCI format 2_5, since IAB is not supported by the RedCap UE. Similar analysis can be applied to DCI format 3_x, which is related to sidelink scheduling. We think there is no need to check whether RedCap UE can support DCI format 2_x and DCI format 3_x one-by-one.
For RedCap UE, due to the reduced number of Rx branches, the number of the DL MIMO layers is reduced to 2 or 1. Some companies may propose to reduce the bitwidth of Antenna Port(s) field. Currently, for DCI format 1_1, the bitwidth of Antenna Port(s) field can be 4/5/6 bits. Similarly, for DCI format 1_2, the bitwidth of Antenna Ports can be 0 bit or 4/5/6 bits. Ideally, for 1 Rx UE, the bitwidth to indicate DMRS may be reduced compared to the case of 4/5/6 bits. However, the bit reduction may not be huge. For example:
· For a RedCap UE with 2 Rx branches, 4 bits are required to indicate 10 different states of the ports, i.e. {0, 1, 01} for 1 CDM group without data and port {0, 1, 2, 3, 01, 23, 02} for 2 CDM groups without data. Hence there is no bit reduction compared to the current Antenna Port(s) field. 
· For a RedCap UE with 1 Rx branch, it may still need 3 bits to indicate 6 different states of the ports, i.e. port {0, 1} for 1 CDM group without data and port {0, 1, 2, 3} for 2 CDM groups without data. There is only 1 bit reduction compared to the current Antenna Port(s) field (assuming 4 bits). 
So, for the case of 4/5/6 bits Antenna Port(s) field in DCI format 1_1/1_2, the coverage improvement is marginal with potential bit reduction for RedCap UEs. It is not worthy to bring additional complexity to the standard, at least for Rel-17. 
Similarly, RedCap UE may support SUL if it meets the related RAN4 requirement, based on the RANP#93-e outcome. Dynamic switching between SUL and NUL is also optional even if SUL is supported. If a RedCap UE reports that it is capable with dynamic switching between SUL and NUL, naturally the ‘UL/SUL indicator’ field can be included in the related DCIs. But again this is aligned with the non-RedCap UE, and no change on DCI field is required.
Proposal 4: Modification on fields of existing DCI formats for RedCap UE is not considered in Rel-17.
Proposal 5: What DCI format can be supported and the length of each DCI field depend on the outcome of RedCap UE capability.

Conclusion
In this contribution, we provide our views on remaining aspects related to complexity reduction for RedCap UE. The proposals are summarized as follows:
Proposal 1: For HD-FDD, for the collision case of SSB vs. UL when counting based on available slot is considered, 
· If the UL is dynamically scheduled, leave it to UE implementation.
· If the UL is semi-statically configured, and if the UE supports counting based on available slots, and if the UL is PUSCH repetition type A, no dropping will happen and all PUSCH repetitions will only be transmitted in available slot.
· For other case, UL transmission is dropped.
Proposal 2: For the case of “back-to-back” non-overlapping UL/DL without sufficient gap between RRC configured UL and DL, leave it to UE implementation whether to perform DL reception, UL transmission or none of them.
Proposal 3: For the handling of MsgA PUSCH, the following alternatives can be considered:
· Alt.1: MsgA PUSCH follows the handling of valid RO. 
· Alt.2: MsgA PUSCH follows the handling of configured UL transmission.
Proposal 4: Modification on fields of existing DCI formats for RedCap UE is not considered in Rel-17.
Proposal 5: What DCI format can be supported and the length of each DCI field depend on the outcome of RedCap UE capability.
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