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1. Introduction
	As of RAN#90-e meeting, the WI titled “Support of reduced capability NR devices” was approved [1]. The WI objectives are copied below from latest version of the WID [2] for convenience. Related to the reduced number of Rx branches of RedCap, it is noted that as of RAN#91-e meeting, 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. It was also agreed that a means shall be specified by which the gNB can know the number of Rx branches of the UE.
	4	Objective
4.1	Objective of Core part WI
This WI has the following objectives: 
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· … 
· 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.
· … 
· 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.
· Specify 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, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1]
· …



2. Discussion
	In this contribution, we present our views on the aspects related to the reduced number of Rx branches of RedCap.

2.1. Early indication in Msg1 and/or Msg3, and MsgA if supported
	It was agreed in RAN#91-e meeting to specify the functionality that enables RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and MsgA if supported, including the ability for the early indication to be configurable by the network. The motivations of the early indication of RedCap UEs to the network is to enable the network to apply the coverage recovery techniques and congestion control during the initial access. It can also be used to indicate RedCap UEs to the network via separate initial UL BWP, e.g., when the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, etc. 
The earlier the network identifies the RedCap UEs the better the network can control the RedCap UEs at an earlier stage. The earliest possible indication would be in Msg1. To support early indication of RedCap UEs in Msg1, partitioning of PRACH resources can be considered. However, the main concern on the early RedCap UE indication via PRACH partitioning in Msg1 arises from the limited PRACH resources for partitioning. In NR, the partitioning of PRACH resources have been used for indication of CBRA, CFRA and others (e.g., SI request). Now in Rel-17 RedCap WI, partitioning of PRACH resources to differentiate the RedCap UEs from the non-RedCap UEs are being discussed. In parallel, partitioning of PRACH resources to differentiate the non-RedCap UEs with CE from the non-RedCap UEs without CE is on-going in Rel-17 CE WI.
Given the situation, minimizing the partitioning of PRACH resources is desirable as partitioning of PRACH resources for many different purposes might cause the lack of PRACH resources for a specific purpose. One way to achieve this is to configure separate ROs for RedCap UEs in the initial UL BWP which may be the same as or different from the initial UL BWP for non-RedCap UEs. If it is the same initial UL BWP, then the ROs for RedCap UEs should be separated in time and/or frequency domain within the same initial UL BWP. If it is a different initial UL BWP, then as the PRACH resources for RedCap UEs are already distinct in time/frequency domain from those for non-RedCap UEs, existing PRACH partitioning mechanism specified for non-RedCap UEs can be reused for RedCap UEs. If the partitioning of PRACH resources to differentiate the non-RedCap UEs with CE from the non-RedCap UEs without CE is supported in Rel-17, then the same partitioning mechanism of PRACH resources can be reused to differentiate the RedCap UEs with CE from the RedCap UEs without CE within the separate ROs for RedCap UEs. Or it can be reused to differentiate the RedCap UEs requiring (or requesting) CE (e.g., 1-Rx RedCap UEs or 1-Rx RedCap UEs in NR 4-Rx bands) from the RedCap UEs not requiring (or requesting) the CE (e.g., 2-Rx RedCap UEs). 

Proposal 1: Support early indication of RedCap UEs in Msg1 to enable the RedCap UEs to be explicitly identifiable to networks.

Proposal 2: To minimize the partitioning of PRACH resources for early indication of RedCap UEs to networks, support configuring separate ROs for RedCap UEs.
· The separate ROs for RedCap UEs are separated in time and/or frequency domain from the ROs for non-RedCap UEs.
· PRACH partitioning mechanism for non-RedCap UEs, e.g., for differentiating UEs with CE from the UEs without CE if supported, can be reused for RedCap UEs within the separate ROs for RedCap UEs.

Due to the concern on the PRACH resource portioning for Msg1 early indication, it may not be preferred to provide additional information through Msg1 early indication other than the RedCap UE type. We are also not sure of the benefit of early indication of the number of Rx branches in Msg3, but we are open to discuss it further. However, considering the network dependency on whether the partitioning of PRACH resources is acceptable/preferable or not, and on the preference among the options for the early indication (i.e., Msg1 or Msg3, or both Msg1 and Msg3), if the early indication of the number of Rx branches is to be supported, then whether and how the early indication of the number of Rx branches is supported should be network configurable via SIB1. For example, the network may configure via SIB1 the information that is early indicated to the network in Msg1 (including none), the information that is early indicated to the network in Msg3 (including none), and details of how they are indicated (e.g., PRACH preambles, separate ROs, etc. in the case of Msg1).

Proposal 3: If early indication of the number of Rx branches is supported, then whether and how the early indication of the number of Rx branches is supported should be network configurable via SIB1.

2.2. Others
	Related to the reduced number of Rx branches of RedCap, it is FFS from RAN1#104b-e meeting whether and how potential modification on fields of existing DCI formats is considered to reduce PDCCH block issue, if any. From our perspective, we don’t see there is a critical issue on the PDCCH blocking rate caused by the reduced minimum number of Rx branches, but we are open to further discussion to assess the potential impact. As for solutions to mitigate the potential PDCCH blocking issue, we think configuring a separate initial DL BWP and/or CORESET#0 being discussed mainly for offloading purposes can also be considered as a viable solution for this. With the separate initial DL BWP and/or CORESET#0 and with the existing DCI formats (e.g., DCI formats 0_2/1_2), the PDCCH blocking rate can be controlled sufficiently by gNB. Therefore, we don’t think it is necessary to consider any modification on the fields of existing DCI formats to reduce PDCCH blocking rate necessary. For the FFS which DCI formats are mandatory for the RedCap UEs to support, we think monitoring DCI formats other than the DCI formats 0_0, 1_0, 0_1, 1_1 should be optional for RedCap UEs for now, but we can discuss the UE capabilities for RedCap UEs all together at a later stage.
	Another aspect related to the reduced number of Rx branches of RedCap is whether to consider the DL coverage recovery or not. This aspect was discussed through an e-mail thread, but there was no consensus. We acknowledge that based on our observations during the RedCap SI phase, the performance difference b/w RedCap UEs with 1 Rx branch and non-RedCap UEs is not small (e.g., [2-3 dB] Msg4, [6 dB] Msg2) in some cases (4GHz, and DL PSD 24 dBm/MHz). However, we have already concluded to not recommend the DL coverage recovery for RedCap WI. As there is nothing new since then, there is no reason to reconsider introducing any new mechanism for DL coverage recovery in Rel-17 RedCap WI. It should also be noted that there are existing mechanisms such as TBS scaling, PDSCH repetition, etc. that can be used to alleviate the DL coverage loss.

Proposal 4: Modification on fields of existing DCI formats to reduce PDCCH blocking is not considered in Rel-17 RedCap WI.

Proposal 5: New mechanisms for DL coverage recovery are not further discussed in Rel-17 RedCap WI.

1. Conclusion
In this contribution, we presented our views on the aspects related to the reduced number of Rx branches of RedCap.

Proposal 1: Support early indication of RedCap UEs in Msg1 to enable the RedCap UEs to be explicitly identifiable to networks.

Proposal 2: To minimize the partitioning of PRACH resources for early indication of RedCap UEs to networks, support configuring separate ROs for RedCap UEs.
· The separate ROs for RedCap UEs are separated in time and/or frequency domain from the ROs for non-RedCap UEs.
· PRACH partitioning mechanism for non-RedCap UEs, e.g., for differentiating UEs with CE from the UEs without CE if supported, can be reused for RedCap UEs within the separate ROs for RedCap UEs.

Proposal 3: If early indication of the number of Rx branches is supported, then whether and how the early indication of the number of Rx branches is supported should be network configurable via SIB1.

Proposal 4: Modification on fields of existing DCI formats to reduce PDCCH blocking is not considered in Rel-17 RedCap WI.

Proposal 5: New mechanisms for DL coverage recovery are not further discussed in Rel-17 RedCap WI.
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