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Introduction
The Rel-17 study item on Reduced Capability NR devices was approved in [1] and updated in [2]. The new WI has been agreed in RAN#91 [3], also supporting 1 Rx branch option in FR1 TDD bands where 4 Rx branches are mandated as a minimum for non-RedCap UEs:
	WI [3]:
· 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.


RAN1#104-e made the following agreement in addition:
	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)


RAN1 also made the following agreement:
	Agreements:
· Reuse at least 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.


In this contribution, we address issues related to the reduced number of Rx branches, in particular in relation with PDCCH blocking and early UE identification.
PDCCH blocking
The reduced number of Rx branches needs to be compensated for by higher aggregation level of PDCCH transmission resources. This may increase the risk of PDCCH blocking. The R15/R16 standard provides a number of means to avoid PDCCH blocking even in URLLC scenarios with very strict latency and reliability scenarios. The question is whether these are sufficient to handle RedCap UE devices. 
The coverage impact of reduced number of Rx branches has been analyzed in [4] and the representative figures captured for PDCCH are summarized in Table 1 for different use cases. The table also shows the coverage for PDSCH and PUSCH for a reference. The figures are taken from Sections 9.1.1-9.1.4 in [4] and represent the margin with respect to the MIL of the reference non-RedCap NR device.
From the table it is clear that PDCCH coverage has more than 7 dB margin in most use cases, hence even AL4 can be used by many cell edge RedCap UE’s. The lowest margin is observed with 24 dBm/MHz PSD deployment at 4 GHz carrier, used in dense urban deployments. In this scenario, a convenient way to prevent PDCCH blockage is to apply a boost to PDCCH transmission. A 3 dB enhancement is also achievable by applying compact DCI. Although the latter solution restricts the scheduling configuration, we note that the majority of UEs, having better link qualities, can still be scheduled flexibly thus preserving the cell capacity. In the case of RedCap UE’s with 1Rx branch at 4 GHz carrier in dense urban deployment, it is worth to mention that these devices are also limited in form factor, hence in battery and other capabilities, too, which in turn would be required to generate significant volumes of traffic with high probability at a given time. Temporary blocking of PDCCH can be handled by delaying the transmission as the latency requirements are not stringent for RedCap applications. For more permanent conditions the PDCCH of UEs with limited number Rx branches can be offloaded to additional CORESETs.   
Based on these premises it is concluded that the existing techniques in R15/R16 are sufficient to mitigate the risk of PDCCH blocking and further enhancements are not required for devices with reduced number of Rx branches.
	Use cases
	PDCCH
CSS
	PDCCH
USS
	PDSCH
	PUSCH

	2Rx RedCap UE in Urban scenario at 2.6 GHz
	15.4
	19.2
	16.5
	-3.0

	1Rx RedCap UE in Urban scenario at 2.6 GHz
	11.4
	15.7
	13.1
	-3.0

	2Rx RedCap UE in rural scenario at 0.7 GHz
	10.6
	10.8
	7.5
	-2.8

	1Rx RedCap UE in rural scenario at 0.7 GHz
	7.1
	7.5
	4.4
	-2.8

	2Rx RedCap UE in Urban 4 GHz with 33 dBm/MHz PSD
	18.0
	21.9
	16.4
	-3.0

	1Rx RedCap UE in Urban 4 GHz with 33 dBm/MHz PSD
	14.5
	18.1
	12.2
	-3.0

	2Rx RedCap UE in Urban 4 GHz with 24 dBm/MHz PSD
	4.0
	7.6
	4.7
	-3.0

	1Rx RedCap UE in Urban 4 GHz with 24 dBm/MHz PSD
	-0.8
	4.3
	1.0
	-2.9

	RedCap UE (1Rx, 100MHz BW) in indoor scenario at 28 GHz
	8.2
	9.1
	3.5
	0.0


Table 1. Representative values of coverage margin/loss per physical channels.[4] 
Observation: The existing techniques in R15/R16 are sufficient to mitigate the risk of PDCCH blocking. Devices with reduced number of Rx branches require no further enhancement to the available DCI formats.
Proposal 1: No need for further enhancements to DCI  formats.
Early RedCap UE identification
RedCap UEs with reduced number of Rx antenna branches require - on average - more robust Msg2 and Msg4 encoding than non-RedCap UEs. The coverage figures in [4] show that in the case of 1Rx UE and a deployment with 24dBm/MHz downlink PSD, these channels represent a coverage bottleneck: below the reference link budget by [5-6 dB] for Msg2 without TBS scaling, and by [2-3 dB] for Msg4. The coverage can be recovered by configuring TBS scaling for Msg2 and by applying MCS0 and HARQ retransmissions for Msg4. The question is whether the conservative scheduling should apply for all UEs (in any deployment) or only UEs identified with restricted number of Rx branches. 
In principle, the cell could have the option to configure specific RACH occasions for which Msg2 and Msg4 are transmitted with the most reliable configurations. It is a question whether these ROs should be used for early RedCap identification or only for identifying RedCap UEs that have 1 Rx branch, or simply identifying UE’s which experience a poor downlink quality.
To spare the overhead of reserved ROs, identification of specific downlink conditions can be supported in Msg3 as well, in which case Msg2 needs to be configured conservatively for all UEs.
Proposal 2: A cell can be optionally configured to identify UE’s with very poor downlink quality in Msg1 or Msg3 and MsgA.

In all cases, the number of antennae needs to be reported as part of UE capability reporting along with details on the antenna panel configurations. 
Proposal 3: The RedCap UE reports its antennae configurations, such as number of Rx branches and antenna panel configurations, to the gNB as part of UE capability reporting. 
Conclusions
The following observations and proposals were made in this contribution:
Observation: The existing techniques in R15/R16 are sufficient to mitigate the risk of PDCCH blocking. Devices with reduced number of Rx branches require no further enhancement to the available PDCCH formats.
Proposal 1: No need for further enhancements to PDCCH formats.
Proposal 2: The RedCap UE reports its antennae configurations, such as number of Rx branches and antenna panel configurations, to the gNB as part of UE capability reporting. 
Proposal 3: The RedCap UE reports its antennae configurations, such as number of Rx branches and antenna panel configurations, to the gNB as part of UE capability reporting. 
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