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Introduction
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK25]In RAN1#104e, the following agreements are made related to reporting the number of Rx branches for RedCap UEs:
	Agreements:
· For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:
· FFS: need for solutions to reduced PDCCH blocking 
· FFS: need for reporting of UE antenna related information to gNB (e.g., # of panels, polarization, etc.)
· Information related to the reduction of the number of antenna branches is assumed to be known at the gNB (either implicitly or explicitly, to be FFS)


In RAN#91, the objective of the feature for reduced minimum number of Rx branches in the WID [1] was revised to:
	· 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.
· 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.


In RAN1 104b-e meeting, the following agreement was made: 
	[bookmark: _Hlk48918220]Agreement:
· At least using UE capability report according the existing framework to indicate (implicitly or explicitly) the number of Rx branches  
· FFS: whether/how to support earlier indication of RedCap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA 
· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported 


Discussions
2.1 Report of the number of Rx branches
For RedCap UEs, the antenna information, including the number of antenna branches, polarization, the number of panels and etc., should be reported to the gNB. It has been agreed [1] that the number of Rx branches of RedCap UEs should be indicated to the gNB at least through the UE capability report after initial access. As a FFS, some other proposals were made to allow the number of Rx branches identifiable by the gNB during initial access, e.g., via Msg1/Msg3/MsgA. An essential motivation is to enhance Msg2/Msg4 transmissions for DL coverage recovery, if the RedCap UEs with reduced Rx branch can be identified beforehand. Moreover, some contributions suggest to perform early identification only for RedCap UEs with 1 Rx branch, in order to avoid conservative treatments of non-RedCap and RedCap UEs with Rx branches more than one.   
However, three demerits are observed for the early indication of Rx branches of the RedCap UEs. First, there is no agreement on DL coverage recovery for RedCap UEs with 1 Rx branch. Actually, it has been well analyzed that, the loss of antenna gain in DL due to reduced Rx branch number can be overcome by conservative methods, such as power boosting, TB scaling and/or HARQ-based retransmission for Msg4. Secondly, according to the revised WID [1], only one RedCap UE type is to be defined, and therefore it seems unreasonable to further separate the RedCap UEs based on the Rx branch number during the initial access. Thirdly, if preambles and/or RACH occasions (ROs) are further separated to distinguish the Rx branch numbers, the cost of Msg1 transmission will increase due to a high PRACH overhead. Therefore, it is sufficient for RedCap UEs to indicate the number of Rx branches after initial access via the current UE capability report. 
[bookmark: _Hlk61532025]Proposal 1: Early identification of the number of Rx branches of RedCap UEs is not needed. 
2.2 Early identification
Early identification of UE type can prevent RedCap UEs from using capabilities not intended for them including at least carrier aggregation, dual connectivity and wider bandwidths. According to [1], only one RedCap UE type is to be specified, while the definition in terms of UE capabilities needs further study. Moreover, the functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, is also under discussion in RAN2 meeting. For this issue, three options can be considered.
Option 1: Early identification is performed during Msg3. This option can be selected if RedCap UEs share the same initial UL/DL BWP configurations with non-RedCap UEs. For example, the RedCap UEs and non-RedCap UEs share the same initial UL/DL BWP, and the gNB does not separately configure DL parameters (e.g., different PDCCH search spaces) depending on the UE type in the Msg2/Msg4 transmissions, and moreover the gNB does not separately configure UL parameters (e.g., frequency hopping and enabling CE) depending on the UE type in the Msg3 transmission. Moreover, if RedCap UEs and non-Redcap UEs adopt the same coverage enhancement (CE) mechanism as defined in Rel-17 CE, the CE indication (e.g., the request of Msg3 PUSCH repetition) will not be associated with the RedCap UE type, such that early identification during Msg1 is not needed for this matter.  
Option 2: Early identification is performed during Msg1. This option can be selected if RedCap UEs use separate initial UL/DL BWP configurations with non-RedCap UEs. For example, the RedCap UEs may use separate UL/DL BWP, such that gNB has to separately configure parameters depending on the types of UE during the Msg2/Msg3/Msg4 transmissions. If RedCap UEs and non-RedCap UEs adopt the same CE mechanism as defined in Rel-17 CE, the Redcap UE type identification needs to be performed separately with the CE indication in Msg1.
Option 3: Early identification is at least performed during Msg3, but can be optionally performed by Msg1 up to gNB’s configurations. In other words, although the RedCap UEs will have a mandatory function to indicate the UE type through the Msg3 transmission, in some cases (e.g., scenarios in Option 2), the UEs can choose to indicate their UE types by Msg1.  
It should be noted that, early identification of RedCap UE type during Msg1 may cause some problems, such as the reduction of the PRACH user capability (for both RedCap and non-RedCap UEs) and the increase of UL overhead, due to the further separation of PRACH resources. Therefore, it is more reasonable to allow Msg1-based early identification configurable by the gNB depending on the scenarios, while keeping Msg3-based early identification as a mandatory function. 
Proposal 2: Early identification is at least performed during Msg3, but can be optionally performed by Msg1 up to gNB’s configurations.
2.3 Coverage recovery
According to the email discussion result in [3], potential differentiation for non-RedCap UEs with vs. without Rel-17 CE during initial access will be discussed in the CE WI. Even though the Rel-17 CE technique(s) is assumed to be available for RedCap UEs by default, whether/how the RedCap UEs will perform CE should be discussed in following meetings. Moreover, it is still unclear either in RedCap WI or in the CE WI should the differentiation for RedCap UEs with vs. without CE be discussed. 
Even though the RedCap UEs may adopt CE techniques defined in Rel-17 CE WI, at least the scenarios described in the following observation should be focused on in the RedCap WI.  
Observation 1: The following cases need to be considered in RedCap WI:
•   Case 1: RedCap UEs configured without CE and non-RedCap UEs configured without CE are in a cell.
•   Case 2: RedCap UEs configured with CE, RedCap UEs configured without CE, non-RedCap UEs configured with CE, non-RedCap UEs configured without CE are in a cell.
Proposal 3: RedCap WI firstly focuses on RedCap UE identification which requires a simple differentiation for RedCap UEs from non-RedCap UEs, i.e., Case 1 in Observation 1.
Even for Case 2, Case 1 principle could be applied.
[bookmark: _GoBack]Conclusions
In this contribution, we have the following observations and proposals:
Observation 1: The following cases need to be considered in RedCap WI:
•   Case 1: RedCap UEs configured without CE and non-RedCap UEs configured without CE are in a cell.
•   Case 2: RedCap UEs configured with CE, RedCap UEs configured without CE, non-RedCap UEs configured with CE, non-RedCap UEs configured without CE are in a cell.
Proposal 1: Early identification of the number of Rx branches of RedCap UEs is not needed.
Proposal 2: Early identification is at least performed during Msg3, but can be optionally performed by Msg1 up to gNB’s configurations.
Proposal 3: RedCap WI firstly focuses on RedCap UE identification which requires a simple differentiation for RedCap UEs from non-RedCap UEs, i.e., Case 1 in Observation 1.
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