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Introduction
In RAN#91 meeting, the WID [1] on support of reduced capability NR devices was approved. The discussion on SUL supporting for RedCap UE has been triggered since RAN4#98bis. In this paper, we’d like to further discuss this topic generally.
Discussion
[bookmark: OLE_LINK32]UE implementation’s analysis for 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.
[image: ]
[bookmark: OLE_LINK14]Figure 2 RF architecture for FDD band n3 as example
[image: ]
[bookmark: OLE_LINK23]Figure 3 RF architecture for FDD band n92 as example
[image: ]
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Figure 4 RF architecture for simultaneous Rx/Tx SUL_n41-n80 as example
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]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: It is allowed to use a duplexer or diplexer in a RedCap UE, so the basic assumptions/cost/applications are not changed for RedCap UE supporting SUL band combinations including simultaneous or non-simultaneous Rx/Tx.
[bookmark: OLE_LINK15]Proposal 1: RedCap UE can support SUL without any technical issues and obstacles from UE implementation’s perspective, since the RF architectures are similar among the FDD, TDD bands and non-simultaneous/simultaneous Rx/Tx SUL band combinations.
[bookmark: OLE_LINK27]Specification’s impacts for RedCap UE supporting SUL
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK16]Based on the RF architecture analysis above, the capability simultaneousRxTxSUL can be reused and optional for RedCap UE. Besides, RAN4 needs 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 and the specification’s impact is limited for RedCap UE supporting SUL band combinations.
[bookmark: OLE_LINK44]Observation 4: Based on the RF architecture analysis above, the capability simultaneousRxTxSUL can be optional for RedCap UE supporting SUL band combinations.
Observation 5: 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.
Proposal 2: Since the specification’s impact is limited for RedCap UE supporting SUL band combinations, RedCap UE can support SUL band combinations.
[bookmark: OLE_LINK38]Network demands for RedCap UE supporting SUL
[bookmark: OLE_LINK33]From application perspective, some use cases for RedCap UE include UL coverage enhancement and potential UL heavy traffic, which was identified in Justification clause from the latest WID [1]. Thus, it’s very important to support SUL feature for RedCap UE in order to improve the UL coverage and throughput.
[bookmark: OLE_LINK34]Observation 6: It’s very important to support SUL feature for RedCap UE in order to improve the UL coverage and throughput.
[bookmark: OLE_LINK35]In addition, SUL feature has been has been deployed in the field network by some of operators. That means the networks have supported SUL feature in some countries for UEs, so there is no reason to exclude SUL feature for RedCap UE. Thus, from operators’ perspective, there is a demand to support SUL band combinations for RedCap UE.
[bookmark: OLE_LINK43]Observation 7: SUL feature has been has been deployed in the field network by some of operators. For RedCap UE, it’s unreasonable to exclude the SUL feature which has been supported by networks.
Proposal 3: To support SUL band combinations for RedCap UE based on the networks’ demand of UL enhancement.
RAN plenary discussion for RedCap UE supporting SUL
Besides, referring to RAN plenary discussion where in one of the intermediate version [2] (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: ]
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK37]Observation 8: SUL band combinations are allowed for RedCap UE referring to RAN plenary discussion.
[bookmark: OLE_LINK41]For the note “This WI focuses on SA mode and single connectivity with operation in a single band at a time” in the WID, it just means that RedCap UE WI focuses on stand alone mode and dual connectivity is excluded in this WI based on the discussion. 
[bookmark: OLE_LINK42]Observation 9: For the note “This WI focuses on SA mode and single connectivity with operation in a single band at a time” in the WID, SUL feature can meet the SA mode and single connectivity. It doesn’t violate current WI.
Proposal 4: SUL band combinations has been included in RedCap WI based on RAN plenary discussion.
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: It is allowed to use a duplexer or diplexer in a RedCap UE, so the basic assumptions/cost/applications are not changed for RedCap UE supporting SUL band combinations including simultaneous or non-simultaneous Rx/Tx.
Proposal 1: RedCap UE can support SUL without any technical issues and obstacles from UE implementation’s perspective, since the RF architectures are similar among the FDD, TDD bands and non-simultaneous/simultaneous Rx/Tx SUL band combinations.
Observation 4: Based on the RF architecture analysis above, the capability simultaneousRxTxSUL can be optional for RedCap UE supporting SUL band combinations.
Observation 5: 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.
Proposal 2: Since the specification’s impact is limited for RedCap UE supporting SUL band combinations, RedCap UE can support SUL band combinations.
Observation 6: It’s very important to support SUL feature for RedCap UE in order to improve the UL coverage and throughput.
Observation 7: SUL feature has been has been deployed in the field network by some of operators. For RedCap UE, it’s unreasonable to exclude the SUL feature which has been supported by networks.
Proposal 3: To support SUL band combinations for RedCap UE based on the networks’ demand of UL enhancement.
Observation 8: SUL band combinations are allowed for RedCap UE referring to RAN plenary discussion.
Observation 9: For the note “This WI focuses on SA mode and single connectivity with operation in a single band at a time” in the WID, SUL feature can meet the SA mode and single connectivity. It doesn’t violate current WI.
Proposal 4: SUL band combinations has been included in RedCap WI based on RAN plenary discussion.
[bookmark: OLE_LINK211][bookmark: OLE_LINK212]References
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