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Introduction
New R17 RedCap WID was approved in [1], and the objectives related to the reduced minimum number of Rx branches is updated as follows.
	· 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.


For frequency bands with mandatory 2 Rx branches and frequency bands with mandatory 4 Rx branches, the minimum number of Rx for RedCap UE is 1, and the specification also support 2 Rx for RedCap UE in these bands.
This contribution discusses the potential specification impact on reduced minimum number of Rx branches.

Coverage issues
Reduction of the number of Rx antennas will cause the coverage issues.

Coverage recovery by standardization
In the latest WID, coverage recovery for UL channels can be jointly considered in “coverage enhancement” topic. 
	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).


In the “coverage recovery” subtopic in SI stage, with the agreed evaluation methodology Option 3, only in case of 1 Rx and reduced antenna efficiency, coverage recovery for DL channels in FR1 may be needed shown as follows [2].
	For RedCap UE with 1 Rx and reduced antenna efficiency, dependent on frequency bands and the assumption of DL PSD, the need for coverage recovery can be different
· For carrier frequency of 4 GHz with DL PSD 24 dBm/MHz, coverage recovery may be needed for the downlink channels of Msg2, Msg4 and PDCCH CSS. A small or moderate compensation can be considered:
· [1 dB] for PDCCH CSS
· [2-3 dB] for Msg4
· [5-6 dB] for Msg2 without TBS scaling. It is noted that coverage loss for Msg2 can be compensated by using the existing TBS scaling technique. 
· For other carrier frequencies or DL PSD other than 24 dBm/MHz, coverage recovery is not needed for the downlink channels if the target for coverage recovery is based on the MIL of the bottleneck channel for the reference NR UE


However, in RAN plenary, whether to perform coverage recovery for DL channels cannot reach consensus. We suspect that for low-end smart watch the condition of “1 Rx and reduced antenna efficiency” may be satisfied and the coverage recovery may be necessary.

Coverage recovery by gNB implementation
If there is no standardization for coverage recovery, the coverage loss can be compensated by gNB implementation, e.g. using large AL for PDCCH, using low MCS for PDSCH.
It is rational since it was agreed that gNB can know the number of Rx branches according to both RAN plenary WID or RAN1 agreements [3], shown as follows.
	· Reduced minimum number of Rx branches:
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.



	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.)
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK12]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)



Large AL and PDCCH blocking
When gNB uses the large AL for PDCCH transmission to RedCap UE, there will be PDCCH blocking issue. For instance, if AL 16 is used for FR1 at 30kHz subcarrier spacing, there is only one PDCCH candidate in a CORESET (2 symbols) with 48 PRBs (approaching 20MHz maximum bandwidth for RedCap UE). 
There could be some scenarios for PDCCH blocking:
· PDCCH blocking for RedCap UEs: PDCCHs for two RedCap UEs cannot be transmitted simultaneously when AL 16 is used in the active BWP with about 48 PRBs.
· PDCCH blocking for coexistence between RedCap UE and non-RedCap UE: When RedCap UE and non-RedCap UE share the same BWP (e.g. the same initial DL BWP), PDCCHs for RedCap UE and non-RedCap UE cannot be transmitted simultaneously when AL 16 for RedCap UE is used in the active BWP with about 48 PRBs.
For PDCCH blocking for RedCap UEs, there are some gNB implementation specific solutions, e.g. different active BWPs for different RedCap UEs, configured PDSCH/PUSCH (reducing PDCCH transmission), multi-slot scheduling (reducing PDCCH transmission which is being specified in 60GHz topic). Latency for RedCap UEs may not be a critical requirement, so mitigating PDCCH blocking among RedCap UEs is not urgent.
For PDCCH blocking for coexistence between RedCap UE and non-RedCap UE, there are some gNB implementation specific solutions, e.g. different active BWPs for RedCap UE and non-RedCap UE, configured PDSCH/PUSCH (reducing PDCCH transmission), multi-slot scheduling (reducing PDCCH transmission which is being specified in 60GHz topic). PDCCH blocking for coexistence between RedCap UE and non-RedCap UE should be addressed, since latency of non-RedCap UE is one of key user experiences for eMBB. As shown in our companion contribution [4], we propose the separate initial DL BWP for RedCap UE. Here, to reduce the PDCCH blocking for coexistence between RedCap UE and non-RedCap UE, as a straightforward way, the separate initial DL BWP can be configured to RedCap UE.
If RedCap UEs and non-RedCap UEs share the same initial DL BWP, according to above analysis, it is better that gNB configure the separate CORESET or search space set for RedCap UE. However, the initial DL BWP may not have enough frequency resource contain two non-overlapped CORESETs, e.g. the initial DL BWP is only 20MHz for FR1 to support AL 16 at 30kHz subcarrier spacing with 2-symbols CORESET. In another way, the separate search space set can be configured to RedCap UEs to reduce the PDCCH blocking, but this will shrink time resource for PDSCH/PUSCH for non-RedCap UE since non-RedCap UEs cannot perform rate matching around a non-configured search space set in idle mode.
Proposal 1: Separate initial DL BWP can be configured to RedCap UE to reduce the PDCCH blocking for coexistence between RedCap UE and non-RedCap UE.

Low-SE MCS table
To overcome coverage loss, gNB can schedule RedCap UE with the low-SE MCS table. It was agreed to be an FFS point in RAN1#104e [3].
	Agreements:
· The MCS tables currently defined are re-used for RedCap UEs
· FFS which MCS table is the default one for RedCap (i.e., the default one for non-RedCap UEs or the one with low SE entries)
· FFS mandatory/optional of the MCS tables
· Note: there is no new MCS table to be introduced for RedCap UEs


Currently, the low-SE MCS table is optional for legacy UE as shown in TS 38.306.
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	dl-64QAM-MCS-TableAlt
Indicates whether the UE supports the alternative 64QAM MCS table for PDSCH.
	UE
	No
	No
	Yes


For connected mode, gNB can configure the low-SE MCS table to RedCap UE with capability of the low-SE MCS table. There is no specification impact.
For idle mode, according to coverage recovery discussion in SI stage, Msg2/4 may need the coverage compensation (e.g. with the low-SE MCS table), so using the low-SE MCS table may be more critical for RedCap UE in idle mode. It is better that gNB knows the RedCap UE capability of the low-SE MCS table and schedule Msg2/4 with the low-SE MCS table. 
Proposal 2: gNB should know the RedCap UE capability of the low-SE MCS table as early as possible, e.g.  RACH procedure. 
As another alternative of specification, capability of the low-SE MCS table can be mandatory for RedCap UE.
Proposal 3: Capability of the low-SE MCS table is mandatory for RedCap UE.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
Based on the analyses and discussions, we have the following proposals:
Proposal 1: Separate initial DL BWP can be configured to RedCap UE to reduce the PDCCH blocking for coexistence between RedCap UE and non-RedCap UE.
Proposal 2: gNB should know the RedCap UE capability of the low-SE MCS table as early as possible, e.g.  RACH procedure. 
Proposal 3: Capability of the low-SE MCS table is mandatory for RedCap UE.
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