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Introduction
In RAN#91 meeting, the WID [1] on support of reduced capability NR devices was approved. The discussion about SUL and transition time on RedCap UE was triggered In RAN4#98bis. All the issues are FFS based on the WF [2].
In this paper, we’d like to discuss this topic generally.
Discussion
[bookmark: OLE_LINK32]RedCap UE supporting SUL
Referring to the WID [1] and TR 38.875, the following cases are supported for RedCap UE.
[bookmark: OLE_LINK96][bookmark: OLE_LINK97][bookmark: OLE_LINK98]Case 1: RedCap UE not capable of full-duplex communication.
Case 2: RedCap UE capable of full-duplex communication.
For case 1, the RF architecture is shown as figure 1. The applicable operations are shown in table 1.
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[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 1 The RF architecture for RedCap UE not capable of full-duplex communication
Table 1 the RedCap UE not capable of full-duplex communication
	Operation
	Example
	[bookmark: OLE_LINK13]UL frequency Range (MHz)
	DL frequency Range (MHz)

	HD-FDD
	n3
	1710~1785
	1805~1880

	
	n92
	832~862
	1432~1517

	TDD
	n41
	2496~2690
	2496~2690

	Non-simultaneous Rx/Tx SUL
	SUL_n41-n80
	1710~1785 or 2496~2690
	2496~2690



Observation 1: For RedCap UE not capable of full-duplex communication, the RF architectures are similar among the FDD bands including n91/n92/n93/n94, TDD bands and non-simultaneous Rx/Tx SUL band combinations.
[bookmark: OLE_LINK24]For case 2, the RF architectures for FDD band n3, n92 and simultaneous Rx/Tx SUL_n41-n80 are shown in figure 2, figure 3 and figure 4.
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[bookmark: OLE_LINK14]Figure 2 RF architecture for FDD band n3 as example
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[bookmark: OLE_LINK23]Figure 3 RF architecture for FDD band n92 as example
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[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Figure 4 RF architecture for simultaneous Rx/Tx SUL_n41-n80 as example
Observation 2: For RedCap UE capable of full-duplex communication, the RF architectures are similar among the FDD bands including n91/n92/n93/n94 and simultaneous Rx/Tx SUL band combinations. A duplexer or diplexer is needed comparing with cases not capable of full-duplex communication.
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Based on the RF architecture analysis above, the capability simultaneousRxTxSUL can be optional for RedCap UE. Besides, RAN4 need to consider switching period for 1Tx – 1Tx switching between SUL carrier and NUL carrier for RedCap UE. For RedCap UE, 1Tx-1Tx switching period and mechanism on location of the switching periods are same with Tx switching between 2Tx carriers in Rel-17. One solution is to specify 35us, 140us and 210us as the options from which a RedCap UE chooses to report its capability, which is to reuse the values defined in Rel-16 for 1Tx – 2Tx switching. The additional cost is not observed for RedCap UE supporting SUL band combinations.
Observation 3: Based on the RF architecture analysis above, the capability simultaneousRxTxSUL can be optional for RedCap UE supporting SUL band combinations.
Observation 4: For RedCap UE, 1Tx-1Tx switching period and mechanism on location of the switching periods are same with Tx switching between 2Tx carriers for eMBB UE in Rel-17.
From application perspective, some use cases for RedCap UE include UL coverage enhancement and potential UL heavy traffic. Thus, it’s very important to support SUL feature for RedCap UE in order to improve the UL coverage and throughput.
Observation 5: The basic assumptions/cost/applications are not changed for RedCap UE supporting SUL band combinations including simultaneous or non-simultaneous Rx/Tx.
Besides, referring to RAN plenary discussion where in one of the intermediate version [3] (RP-202864 listed as below), SUL was mentioned in addition to wider bandwidth, but after more discussion it was removed from the approved version, leaving it open as all other optional legacy UE features. 
[image: ]
Observation 6: SUL band combinations are allowed for RedCap UE referring to RAN plenary discussion.
Proposal 1: SUL band combinations should be included into work plan as RedCap WI RAN4 scope.

ΔRIB,1R
The reduced minimum number of Rx antenna ports are defined in RedCap WI.
	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 antenna ports supported by specification for a RedCap UE is 1. The specification also supports 2 Rx antenna ports for a RedCap UE in these bands.
	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 antenna ports supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
In order to meet the reduced capability of Rx antenna ports, RAN4 should review the REFSENS level for all NR bands. We can consider whether to discuss and specify ΔRIB,1R for RedCap UE.
Proposal 2: RAN4 can consider whether to discuss and specify ΔRIB,1R for RedCap UE.
Summary
Based on the analysis and discussion above, all the observations and proposals are listed below:
Observation 1: For RedCap UE not capable of full-duplex communication, the RF architectures are similar among the FDD bands including n91/n92/n93/n94, TDD bands and non-simultaneous Rx/Tx SUL band combinations.
Observation 2: For RedCap UE capable of full-duplex communication, the RF architectures are similar among the FDD bands including n91/n92/n93/n94 and simultaneous Rx/Tx SUL band combinations. A duplexer or diplexer is needed comparing with cases not capable of full-duplex communication.
Observation 3: Based on the RF architecture analysis above, the capability simultaneousRxTxSUL can be optional for RedCap UE supporting SUL band combinations.
Observation 4: For RedCap UE, 1Tx-1Tx switching period and mechanism on location of the switching periods are same with Tx switching between 2Tx carriers for eMBB UE in Rel-17.
Observation 5: The basic assumptions/cost/applications are not changed for RedCap UE supporting SUL band combinations including simultaneous or non-simultaneous Rx/Tx.
Observation 6: SUL band combinations are allowed for RedCap UE referring to RAN plenary discussion.
Proposal 1: SUL band combinations should be included into work plan as RedCap WI RAN4 scope.
Proposal 2: RAN4 can consider whether to discuss and specify ΔRIB,1R for RedCap UE.
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