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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 and RAN1 #104bis-E meeting, the following were agreed [2]:
	RAN1 #104-E
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 #104bis-E
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 Using earlier indication of Redcap UEs with # Rx branches the number of 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 The need of selection by SIB1 between earlier indication and UE capability report 

[bookmark: OLE_LINK1]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 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 meetings. 
2 Reporting supported # of Rx branches
It has been agreed that at least the UE capability reporting framework is used to indicate the number of supported Rx branches to the gNB.
For the indication itself, one of the options is to introduce a new UE capability reporting on number of Rx branches (Option 1). 
Another is to reuse the capability reporting on maximum number of DL MIMO layers (Option 2). The latter option is feasible since it has been agreed that the maximum number of DL MIMO layers is same as the number of Rx branches supported by a RedCap UE.  
Comparing the above options, the second option is clearly preferable considering the following:
· Option 2 avoids introducing a new capability parameter
· Option 1 has possible ambiguity in defining interpretation “Rx branches” if directly used in the specifications, implying likely spec efforts that can be avoided with Option 2.

Proposal 1:
· For indication of number of Rx branches via UE capability reporting, the UE capability on maximum number of DL MIMO layers is used.

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, to avoid some conservative scheduling for RedCap UEs with 2Rx branches.
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 need to be indicated during Msg1 transmission. While Option A implies that all RedCap UEs may be scheduled assuming 1Rx (“worst case”), the overall impact from this constraint would not be significant since the density of non-RedCap UEs in the cell is expected to dominate the overall loading in the cell. Thus, Option A, which allows for differentiation between RedCap and non-RedCap UEs is sufficient to enable an efficient random access mechanism accommodating non-RedCap and RedCap UEs with different capabilities.
Observation 1:
· Early indication/identification of RedCap UEs to distinguish from non-RedCap UEs with indication of number of Rx branches via UE capability reporting is sufficient.
Proposal 2:
· Early indication (prior to RedCap UE capability reporting) of number of Rx branches for a RedCap UE is not supported. 
3 DCI formats for RedCap

Considering both UE and gNB implementations, it would be natural to consider DCI formats 0_0/1_0 (fallback formats) and DCI formats 0_1/1_1 as mandatorily supported, while DCI formats 0_2/1_2 may be optionally supported by RedCap UEs. DCI formats 0_2/1_2 may not be typically supported by gNBs and neither are the DCI format size reduction expected to be as significant as feasible for URLLC scheduling (since a majority of the DCI format size reduction for DCI formats 0_2/1_2 come from compression of the FDRA bit-field). Thus, mandating an additional DCI format may not be desirable, especially for a device targeting lower complexity.
DCI format 0_2/1_2 is fully configurable and thus, with proper higher layer configuration, a UE can be configured with the appropriate DCI format size suitable for scheduling and Layer 1 signaling needs. On the other hand, DCI formats 0_1/1_1 have certain bit-fields that could be reduced further considering RedCap use-cases. 
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. Only if there may be a relatively large 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 2:
· 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 PDCCH blocking in case of high density of RedCap UEs. In this regard, the possibility of using DCI formats 0_2/1_2 was discussed. As discussed above, DCI formats 0_2/1_2 should be optionally available for RedCap UEs. 
Further, to realize smaller DCI format sizes for DCI formats 0_1/1_1, it is noted that DCI format size reduction may possible by removing or reducing the bit-width of certain bit-fields to smaller than currently possible minimum bit-widths.
· “Antenna port(s)” bit-field in DCI formats 0_1 and 1_1 have a minimum bit-width of 2 or 4 bits respectively. 
· This can be reduced or even removed for some RedCap use-cases; configurability similar to DCI formats 0_2/1_2, including 0 bits can be possible.
· “SRS request” bit-field in DCI formats 0_1/1_1 have minimum bit-width of 2 bits
· This can be reduced or even removed for some RedCap use-cases; configurability similar to DCI formats 0_2/1_2, including 0 bits can be possible.
Reducing other fields, like FDRA, MCS, RV, may not be justified considering their adverse impact to scheduling for RedCap use-cases. 
Thus, only a very limited number of bits may be reduced from DCI formats 0_1/1_1, specifically for RedCap, and while such optimizations may be feasible, they may not be justified from the perspective of reducing PDCCH blocking probabilities.
Proposal 3:
· DCI formats 0_0/1_0 and 0_1/1_1 are mandatory for RedCap UEs.
· DCI formats 0_2/1_2 can be optionally supported by RedCap UEs.
Proposal 4:
· Optimization of bit-field sizes for DCI formats 0_1/1_1 for RedCap UEs is not justified in context of PDCCH blocking performance. 
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 meetings. Based on the presented discussion, our views can be summarized via the following proposals and observations.

Proposal 1:
· For indication of number of Rx branches via UE capability reporting, the UE capability on maximum number of DL MIMO layers is used.
Observation 1:
· Early indication/identification of RedCap UEs to distinguish from non-RedCap UEs with indication of number of Rx branches via UE capability reporting is sufficient.
Proposal 2:
· Early indication (prior to RedCap UE capability reporting) of number of Rx branches for a RedCap UE is not supported. 
Observation 2:
· 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 3:
· DCI formats 0_0/1_0 and 0_1/1_1 are mandatory for RedCap UEs.
· DCI formats 0_2/1_2 can be optionally supported by RedCap UEs.
Proposal 4:
· Optimization of bit-field sizes for DCI formats 0_1/1_1 for RedCap UEs is not justified in context of PDCCH blocking performance. 
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