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1 Introduction
In the revised WID for specifying reduced capability NR (RedCap) devices, the following objectives are expected to have RAN4 RF impact [1].
	· Specify support for the following UE complexity reduction features [RAN1, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. .
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· 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 addition, the following objective mentions that carrier aggregation is not intended for RedCap UEs.
	· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.



The following WF was approved in RAN4 #99-e [2].
	RedCap: Rx branch for RedCap UE
· FR1
· Minimum # of Rx branch to be specified: 1
· Additional # of Rx branch to be specified: 2
· FR2:
· FFS
· Operators are encouraged to provide feedback on use case of RedCap UE in FR2 for next meeting, e,g Power class, frequency band etc.

RedCap: FR1 UE Tx-Rx and Rx-Tx switching time
· Tx-Rx switching time: 13 µs
· Rx-Tx switching time: FFS
· Companies are encouraged to provide their analysis justifying any longer switching time than 13 µs
· Study network performance impact and trade-off with UE power savings

RedCap: UE RF impact
· Tx requirements
· NR UE Tx requirements could be reused for RedCap (except the UE transmit power in FR1 and FR2)
· Transmit power in FR1 and FR2: depend on the RedCap PC and frequency band.
· Rx requirements:
· Specify REFSENS:
· For one Rx branch.
· For 2 Rx branches for bands where legacy NR UE is required with 4 Rx antenna ports.
· re-use existing single carrier requirement for 2 Rx branches, FFS on HD-FDD mode.
· Other requirements: FFS
· Specification structure:
· Define new suffix for RedCap UE RF requirement at least in TS 38.101-1.




This contribution discusses the Rx-Tx switching time for HD-FDD RedCap UE.
2 Discussion
From the agreed WF noted above, the Rx-Tx switching time remains FFS. The transition (switching) times in Table 4.3.2-3 in 38.211 are noted below –
	Transition time
	FR1
	FR2

	
	25600
	13792

	
	25600
	13792


It has been agreed that the Tx-Rx switching times for HD-FDD UE in FR1 is 13 µs based on the above table. For the Rx-Tx switching times, some companies are proposing to specify a longer switching time than 13 µs. The justification for increasing the Rx-Tx switching time is to provide additional power saving due to the ability to switch off one of the two PLLs when the UE is only receiving. This would require 1-2 symbols to switch the PLL back on as the UE switches from reception to transmission.
In our view, such optimization is not needed due to the following reasons –
· The amount of potential power saving is estimated to be small based on expected use cases and the ability to turn off only the PLL component of the baseband. For RedCap use cases that have uplink-centric (e.g. video transmission), power consumption is dominated by the UL transmissions. For other RedCap use cases, a typical traffic profile is that of infrequent data transmission where turning off one PLL when UE is in connected mode will not have meaningful impact to total power consumption.
· The additional guard symbols will have impact to network performance. Although the impact to peak data rates may be small, there is an impact to system efficiency and throughput with the loss of transmission symbols.
· As noted by some companies, it is unclear why the PLL cannot be turned on prior to the switch. This would eliminate the need for additional guard time. A typical case for Rx to Tx switching would be DCI scheduling of PUSCH where there exists a delay which can be used to pre-emptively turn on the PLL. This would allow the UE to turn of one PLL without requiring guard symbols. In our view, situations that would require switching from Rx to Tx provide sufficient time to accommodate the turning on of PLL.
· The WID specifies that HD-FDD type A should be specified with the minimum specification impact. Introducing guard symbols would introduce specification complexity and have impact to network performance.
Therefore, it is proposed to specify the Rx-Tx switching time as 13 µs.
Proposal 1: The Rx-Tx switching time for HD-FDD RedCap UE is 13 µs.
3 Conclusion
This contribution discussed the Rx-Tx switching time for HD-FDD RedCap UE. The following proposal is made.
Proposal 1: The Rx-Tx switching time for HD-FDD RedCap UE is 13 µs.
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