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In RAN#91e, the RedCap WID [1] was updated and agreed. One objective is to specify support of reduced number of Rx branches for RedCap UEs,
· 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 this contribution, we provide analysis on the reduced number of Rx branches for RedCap UEs.
Discussion
DL coverage recovery
In the WID, it was clarified that for UL, the coverage enhancement solutions specified in the NR Coverage Enhancement WI are available also to RedCap UEs by default.
· Uplink coverage enhancement solutions specified in the NR Coverage Enhancement WI (NR_cov_enh) shall be assumed to be available also to RedCap UEs by default (with small modifications for RedCap UEs if found necessary).
While for DL, there is no clarification whether coverage recovery is still in the WI scope. From the RedCap SI outcome, there is clear need of coverage recovery for PDCCH CSS and Msg4 for the scenario of 1Rx and 24 dBm/MHz DL PSD. In addition, RAN1#103e determined two alternatives for coverage recovery,  either single coverage recovery target for initial access and non-initial access, or two coverage targets for initial access and non-initial access, respectively. The choice of the alternatives impacts which DL and UL channel needs to have coverage recovery. 
Proposal 1: A clarification is needed on whether DL coverage recovery is in the scope of RedCap WI.  
Identification of UEs with a specific number of antennas
It was agreed in the RedCap WID to specify one RedCap UE type, 
· 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]
Since both 1Rx and 2Rx branches are supported in each frequency band, the single RedCap UE type definition will not contain a specific number of Rx branches. 
Proposal 2: The single RedCap UE type definition does not contain a specific number of Rx branches. 
One objective is WID [1] is to enable RedCap UEs to be explicitly identifiable to the networks through an early identification, 
· 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]
it was further discussed in RAN1#104b-e if support early identification of RedCap UEs with a specific number of antennas. Following agreements were reached, 
Agreements:
· 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
If the network could obtain the number of Rx branches early, it could perform better link adaptation for both PDCCH and PDSCH during initial access, which improves transmission efficiency. On the other hand, link adaptation during initial access could be enabled by reusing the scheme agreed in CE study, where it was agreed that there could be separated PRACH resources that configured based on e.g., measured DL RSRP. Although the intention of such separate PRACH resources is for requesting Msg3 repetition, it enables also link adaptation in DL. Similarly, for RedCap UEs, the PRACH resources could be partitioned based on measured RSRP, so that the gNB could early identify the RedCap UEs with different channel conditions and perform link adaptation for the data transmission during initial access. 
Proposal 3: Consider two alternatives of early identification of RedCap UEs through Msg1/MsgA,
· Alt.1: early identification of RedCap UEs with different number of Rx branches 
· Alt.2: early identification of RedCap UEs with different channel conditions. 
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PDCCH enhancements
PDCCH performance will be impacted with reduced number of Rx branches for RedCap UEs. Larger aggregation levels might be needed thus may result in higher PDCCH blocking rate in some scenarios. To mitigate this issue, the highly configurable DCI format 0_2/1_2, which allows compact DCIs, can be used by RedCap UEs. RAN1 #104b-e has below agreements,
Agreements:
· Reuse the existing DCI formats 0_x/1_x (including Rel-16 DCI format 0_2/1_2) applicable to Redcap devices as a starting point.  
· FFS Whether and how potential modification on fields of existing DCI formats is considered to reduce PDCCH block issue, if any.
· FFS: Which DCI formats are mandatory for the RedCap UEs to support.
We don’t foresee any necessary “optimizations” foreseen for DCI format 0_2/1_2.
Besides, as proposed in our companion contribution [], it is supported to have network configured dedicated initial DL BWP for RedCap UEs. The PDCCH blocking could be mitigated by configuring separate CORESET#0 for RedCap UEs in the dedicated initial BWP. 
Proposal 4: PDCCH blocking could be mitigated by reusing existing DCI format 0_2/1_2 or by configuring separate CORESET#0 for RedCap UEs. 

Conclusions
As a summary, we have the following proposals on reduced number of Rx branches for RedCap UEs,
Proposal 1: A clarification is needed on whether DL coverage recovery is in the scope of RedCap WI.  
Proposal 2: The single RedCap UE type definition does not contain a specific number of Rx branches. 
Proposal 3: Consider two alternatives of early identification of RedCap UEs through Msg1/MsgA,
· Alt.1: early identification of RedCap UEs with different number of Rx branches 
· Alt.2: early identification of RedCap UEs with different channel conditions. 
Proposal 4: PDCCH blocking could be mitigated by reusing existing DCI format 0_2/1_2 or by configuring separate CORESET#0 for RedCap UEs.
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