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1 [bookmark: _Ref40465791]Introduction
At RAN plenary meeting #91-E, the work item (WI) for the support of Reduced Capability (RedCap) NR devices was updated, and the following objectives related to UE complexity reduction in relation to number of Rx branches were identified [1]:
	· 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.



Also, during RAN1 #104 meeting, the following were agreed [2]:
	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 this contribution, we present our views on the support of reduced number of Rx branches for RedCap UEs considering the above WI objectives and agreements from previous RAN1 meeting. Our views on support of reduced BW and HD-FDD for RedCap UEs are presented in companion papers in [3] and [4] respectively.
2 Solutions to reduce PDCCH blocking

The different options for RedCap UE implementation on number of Rx branches can be summarized in Table 1. 

Table 1. A summary of possible configurations for # of Rx branches for RedCap
	Bands
	Options on # of Rx branches for RedCap UE

	FR1 bands in which non-RedCap is expected to support min of 2Rx (includes FDD and TDD bands)
	1 Rx (min. req.); 2 Rx (optional)

	FR1 bands in which non-RedCap is expected to support min of 4Rx (includes TDD bands only)
	1 Rx (min. req.); 2 Rx (optional)

	FR2 bands in which non-RedCap is expected to support min of 2Rx (includes TDD bands only)
	1 Rx (min. req.); 2 Rx (optional)



For all bands, there can be RedCap UEs with reduced # of Rx branches compared to non-RedCap UEs. For such UEs, it can be expected that their DL performance may be inferior to non-RedCap UEs, potentially resulting in the need to schedule PDSCH with relatively lower spectral efficiency, including possibly use of slot aggregation, PDCCH with relatively higher aggregation levels (ALs). While this would, in general, reduce the overall cell spectral efficiency as has been already observed during the SI [5], the impact on PDCCH blocking performance from RedCap UEs would depend on relative fraction of RedCap UEs with reduced capability on number of Rx branches.
While the SNR gap could be as large as 5~6 dB, e.g., between a 1Rx RedCap UE and a 4Rx non-RedCap UE, whether the overall PDCCH user blocking performance is impacted would be a function of the deployment and relative number for such RedCap UEs within all UEs in the cell. If there may be a relatively larger fraction of UEs that are RedCap UEs with reduced capability for number of Rx branches, there can be impact to overall PDCCH user blocking performance.
Observation 1:
· While degradation in PDCCH link performance is expected for RedCap UEs with reduced capabilities on number of Rx branches, the overall impact on PDCCH user blocking depends on relative density of RedCap UEs with reduced Rx capabilities compared to all UEs in the cell. 
 
Some options have already been discussed during the SI phase in consideration of mitigating impact of reduced DL link performance for RedCap UEs to address relatively higher density of RedCap UEs. A few promising ones include: 
· Configuring an additional CORESET (e.g., CORESET #0A in addition to CORESET #0) for offloading of common control messages (PDCCH and PDSCH) like those associated with paging and/or random access. 
· Such an approach can enable the system to scale with increasing density of RedCap UEs by reducing congestion in CORESET #0 with PDCCH with P-RNTI, RA-RNTI, TC-RNTI, etc., for which the loading scales with number of UEs.
· Configuring RedCap UEs with DCI formats 0_2/1_2 to realize smaller DCI format sizes than fallback DCI format. 
· DCI formats 0_2/1_2 are highly configurable versions of DCI formats 0_1/1_1 that allows for optimized configuration of DCI format size to balance the tradeoff between PDCCH link budget and scheduling flexibility. In the context of RedCap UEs and reducing PDCCH OH or use of larger ALs, the primary interest would be in reducing the DCI format size. However, one of the key contributors that enable DCI format size reduction is the use of large RBG sizes for DL/UL FDRA. At the same time, for RedCap UEs, large FDRA may not be typical (unlike URLLC use-cases). Thus, the potential reduction in DCI format size may be limited. Nevertheless, even with about 8 ~ 10 bits reduction compared to fallback DCI format, there can be benefits in offsetting against the reduced reliability for PDCCH for RedCap UEs with reduced number of Rx branches. In particular, gNB can use formats 0_2/1_2 with small DCI format size with formats 0_0/1_0 available for fallback behavior.
· DCI formats for multi-PDSCH/PUSCH scheduling
· Although DCI formats for multi-PDSCH/PUSCH scheduling can be expected to be larger in size than their existing counterparts, they can be beneficial in reducing the overall PDCCH loading by obviating need for multiple PDCCHs for a sequence of PDSCHs/PUSCHs (e.g., when higher layer packets need segmentation). Thus, such a feature can help limit impact from PDCCH user blocking since use of segmentation may be expected to be rather typical in case of moderately large packets for RedCap UEs due to their reduced capabilities on BW and number of Rx branches, max modulation order.
Proposal 1:
· If means to address PDCCH user blocking for use-cases involving high density of RedCap UEs (with reduced Rx capabilities) are pursued, the following options can be considered further to alleviate PDCCH user blocking issues:
· Configuring an additional CORESET (e.g., CORESET #0A in addition to CORESET #0) for offloading of common control messages (PDCCH and PDSCH) associated with paging and/or random access 
· Configuring RedCap UEs with DCI formats 0_2/1_2 
· DCI formats for multi-PDSCH/PUSCH scheduling
3 Reporting supported # of Rx branches and other UE antenna related information to gNB
As already agreed during RAN1 #104-E meeting, as well identified as an objective in the revised WID, it would be necessary to enable a RedCap UE to indicate its capability on number of Rx branches. 
For this purpose, the UE capability reporting framework should be considered as the baseline to indicate the number of supported Rx branches to the gNB.
Additionally, reporting of supported number of Rx branches earlier than UE capability reporting may be considered. Towards this, the options for “early identification” of RedCap UEs are relevant. To meaningfully realize the benefits from such early indication in optimizing scheduling in the DL, the gNB should be aware of such information during Msg1 reception, as against during Msg3 reception. 
Next, we consider the following options: 
· Option A: Early indication of RedCap UE
· This could be considered as early indication of a single RedCap UE type (with a RedCap UE type, some UEs may have 1Rx or 2Rx).
· Benefits: 
· gNB can differentiate between RedCap and non-RedCap UEs and avoid conservative scheduling for non-RedCap UEs for PDCCH and PDSCH for Msg2, Msg4, and PDCCH for Msg3 reTx.
· Option B: Early indication of RedCap UE as well as the number of Rx branches supported
· This could be considered as early indication of multiple (two) RedCap UE types: one RedCap UE type corresponds to those with 1Rx, while a second RedCap UE type corresponds to those with 2Rx.
· Benefits: 
· gNB can differentiate between RedCap and non-RedCap UEs and avoid conservative scheduling for non-RedCap UEs for PDCCH and PDSCH for Msg2, Msg4, and PDCCH for Msg3 reTx.
· gNB can differentiate between RedCap UEs with 1Rx vs. RedCap UEs with 2Rx for finer scheduling decisions for PDCCH and PDSCH for Msg2, Msg4, and PDCCH for Msg3 reTx.
In addition to the above, we also note that early identification of RedCap UEs may also be necessary if UL BWP #0 size larger than max RedCap UE BW may be supported for non-RedCap UEs.
If the above information is available at the gNB during Msg3 reception, then such information may only be used for PDCCH and PDSCH for Msg4, and this may not provide much benefits for DL scheduling during initial access. 
On the other hand, the cost for supporting early identification during Msg1 transmission is in terms of increased PRACH OH in the cell due to partitioning of ROs, RACH resources, possibly including RACH preambles, or configuration of ROs in separate initial UL BWP. In addition to early identification for RedCap UEs, there are also other “early identification” features that may need to be supported at the same time (Msg3 payload indication, CE for Msg3, etc.). Thus, considering the potential benefits it would be important to minimize the amount of information for RedCap UEs that may be indicated during Msg1 transmission. Thus, Option A, which allows for differentiation between RedCap and non-RedCap UEs is preferred. While this option implies that all RedCap UEs may be scheduled assuming 1Rx (“worst case”), the overall impact from this constraint may not be significant since the density of non-RedCap UEs in the cell is expected to dominate the overall loading in the cell. 
Proposal 2:
· Use of UE capability reporting to report supported number of Rx branches (1Rx or 2Rx) for RedCap UEs should be the baseline. 

Proposal 3:
· Early identification of RedCap UEs during Msg1 transmission can be configured to enable differentiation between RedCap and non-RedCap UEs, without further indication of number of Rx branches supported. 
· FFS: Details for early identification during Msg1 transmission (e.g., separate initial UL BWPs, separate PRACH resources, including ROs and/or preambles between RedCap and non-RedCap UEs)
At the RAN1 #104-e meeting, a question arose regarding reporting antenna parameters like number of antenna panels or supported polarization at the UE Rx. Considering that RedCap UEs are primarily limited to single antenna panel and single polarization (for 1Rx branch), it is not clear exactly how beneficial such information may be to gNB in DL scheduling.  
Observation 2: 
· It may not be necessary to report antenna parameters like number of antenna panels or polarization to the gnB. 
4 Conclusions
In this contribution, we presented our views on the support of reduced number of Rx branches for RedCap UEs considering the above WI objectives and agreements from previous RAN1 meeting. Based on the presented discussion, our views can be summarized via the following observations and proposals.

Observation 1:
· While degradation in PDCCH link performance is expected for RedCap UEs with reduced capabilities on number of Rx branches, the overall impact on PDCCH user blocking depends on relative density of RedCap UEs with reduced Rx capabilities compared to all UEs in the cell. 
Proposal 1:
· If means to address PDCCH user blocking for use-cases involving high density of RedCap UEs (with reduced Rx capabilities) are pursued, the following options can be considered further to alleviate PDCCH user blocking issues:
· Configuring an additional CORESET (e.g., CORESET #0A in addition to CORESET #0) for offloading of common control messages (PDCCH and PDSCH) associated with paging and/or random access 
· Configuring RedCap UEs with DCI formats 0_2/1_2 
· DCI formats for multi-PDSCH/PUSCH scheduling
Proposal 2:
· Use of UE capability reporting to report supported number of Rx branches (1Rx or 2Rx) for RedCap UEs should be the baseline. 
Proposal 3:
· Early identification of RedCap UEs during Msg1 transmission can be configured to enable differentiation between RedCap and non-RedCap UEs, without further indication of number of Rx branches supported. 
· FFS: Details for early identification during Msg1 transmission (e.g., separate initial UL BWPs, separate PRACH resources, including ROs and/or preambles between RedCap and non-RedCap UEs)
Observation 2: 
· It may not be necessary to report antenna parameters like number of antenna panels or polarization to the gnB.
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