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Introduction
In RAN#91e meeting, Rel-17 work item on support of reduced capability NR devices [1] has been revised. The WID has the following objective to specify support for reduced minimum number of Rx branches. 
	· 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.



In this contribution, we discuss some views on the reduced minimum number of Rx branches.
[bookmark: OLE_LINK1]Discussions
Reduced minimum number of Rx branches 
As one UE complexity reduction feature, reduced minimum number of Rx branches provides a considerable cost reduction as depicted in TR38.875[2]. Solutions on specifying support for reduced maximum number of Rx branches have been discussed in RAN1#104e [3], and some agreements were reached as below. 
	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)




Further, in RAN#91e, 1 Rx as a minimum number of Rx branches is agreed for a RedCap UE in Frequency bands where a legacy NR UE is required to be equipped with a minimum of 4 Rx antenna ports. For reduced number of Rx branches, DL performance would be degraded, which mainly results in a downlink coverage loss, especially for RedCap UEs with 1Rx branch camping on frequency bands where a legacy UE is required to be equipped with a minimum of 4 Rx antenna ports. As shown in TR38.875[2], if 3dB antenna efficiency loss is taken into consideration, Msg2, Msg4 and PDCCH CSS would have coverage issue for RedCap UEs when 1 Rx is applied for frequency band with DL PSD 24dBm/MHz. The existing solutions like TBS scaling, PDSCH repetition can be considered to apply to Msg2 and Msg4. PDCCH repetition can be considered to apply to PDCCH CSS.   
Proposal 1: The applicability of solutions as like TBS scaling, PDSCH/PDCCH repetition during initial access should be discussed for RedCap UEs when 1 Rx is applied. 
Compared to legacy NR UEs, a larger aggregation level is expected to be required for RedCap UEs to compensate the PDCCH performance degradation. PDCCH blocking rate would be increased if legacy NR UEs and RedCap UEs share a same CSS resource configuration. Need for solutions to reduce PDCCH blocking was agreed as FFS in RAN1#104e. PDCCH blocking issue may become more severe for RedCap UEs with 1 Rx in frequency bands where 4 Rx is mandatory for legacy NR UEs. During initial access, currently a Type 1 CSS configuration configured by SIB1 is used for all UE camping on the cell to monitor PDCCH. Then, during initial access, both legacy NR UEs and RedCap UEs will monitor PDCCH in the same time-frequency resource for Type 1 CSS. Note that legacy NR UEs may also monitor PDCCH with C-RNTI in the Type 1 CSS if they have not provided a Type 3 CSS and UE-specific USS(s). Therefore, Type 1 CSS would become heavily congested. 
One feasible solution to decrease PDCCH blocking rate is to increase frequency-time resources for PDCCH monitoring. In the frequency domain, the bandwidth in one monitoring occasion is confined within the CORESET#0 frequency region and is not extendable. Therefore, adding configuration flexibility in time domain can help network to decrease the PDCCH blocking rate and avoid some congestions, especially in a situation that there are a larger number of RedCap UEs to camp on the cell. In order not to impact the initial access of legacy NR UEs, it would be helpful to separate the Type 1 CSS configurations for addressing some congestions and PDCCH blocking issue.
Proposal 2: Consider separating Type 1 CSS configuration for RedCap UEs to address some congestions and PDCCH blocking issue.
In the revised WID, a means shall be specified by which the gNB can know the number of Rx branches of the UE. There are two alternatives about when the gNB can know the number of Rx branches of the UE, i.e. during initial access, and after initial access. In a cell where gNB allows both RedCap UEs with 1 Rx and RedCap UEs with 2 Rx to camp, the gNB at least needs to ensure RedCap UEs with 1 Rx to smoothly initial access the cell. In this kind of cell, the necessity on distinguishing RedCap UEs equipped with 1 Rx or 2 Rx during initial access needs to be discussed. If the number of Rx branches of the UE needs to be known by the gNB during initial access, consequent issues regarding PRACH overhead, separate Msg 2 and so on should be identified. On the other hand, it is feasible and simple for gNB to know the number of Rx branches of the UE after initial access via capability reporting. In a cell where both RedCap UEs with 1Rx and RedCap UEs with 2Rx are allowed to access, the gNB can take a conservative scheduling for these RedCap UEs irrespective of the number of antenna branches during initial access. The gNB can then know the number of Rx branches of the UE via capability indication after initial access. Only limited specification impact on capability signaling is expected.
Proposal 3: The number of Rx branches of RedCap UEs can be known by the gNB via capability signaling after initial access.
[bookmark: _GoBack]DCI formats with fewer size are desirable for RedCap UEs with reduced number of Rx branches. In NR-15, DCI formats 0_1/1_1 were designed to adapt to the characteristics of the eMBB traffic. On the other hand, DCI formats 0_2/1_2 had been introduced in Rel-16 and designed to adapt to the characteristics of the URLLC traffic. Compared to DCI formats 0_1/1_1, the design of DCI formats 0_2/1_2 is flexible in terms of much more configurable DCI fields sizes. 
Compared to DCI formats 0_1/1_1, more DCI fields (e.g., the HPN field, MIMO-related fields, RV field and so on) in DCI formats 0_2/1_2 are with more configurable sizes. For example, the size of the HPN field in DCI formats 0_1/1_1 is a fixed 4 bits while the size of the HPN field in DCI formats 0_2/1_2 is configurable as 0, 1, 2, 3 or 4 bits. Especially for the video surveillance use case where the traffic is dominated by the UL transmissions, it is not necessary to always set HPN field as 4 bits for DCI format for DL scheduling. The HPN field with configurable sizes is beneficial for different RedCap use cases. Similarly, RedCap use case may not necessarily harvest MIMO gains dedicated to the eMBB characteristics.  
In addition, DCI formats 0_2/1_2 do not include some DCI fields which exist in DCI formats 0_1/1_1 as like DCI fields relating to second TB, DCI fields relating to CBG configurations. These DCI fields relating to second TB and DCI fields relating to CBG configuration are also not necessary for RedCap UEs with the reduced number of DL MIMO layers.
Therefore, according to the design of DCI formats 0_2/1_2, DCI formats 0_2/1_2 can either achieve the full flexibility as DCI formats 0_1/1_1 or configure different sizes for DCI fields to better adapt to different use case requirements. 
Observation: Compared to the design of DCI formats 0_1/1_1, the design of DCI formats 0_2/1_2 can better adapt to characteristics of various RedCap use cases, given the design of DCI formats 0_2/1_2 is flexible in terms of much more configurable DCI field sizes. 
Conclusion
In this contribution, we have discussed the UE complexity reduction features on reduced minimum number of Rx branches and have the following proposals and observation:
Proposal 1: The applicability of solutions as like TBS scaling, PDSCH/PDCCH repetition during initial access should be discussed for RedCap UEs when 1 Rx is applied. 
Proposal 2: Consider separating Type 1 CSS configuration for RedCap UEs to address some congestions and PDCCH blocking issue.
Proposal 3: The number of Rx branches of RedCap UEs can be known by the gNB via capability signaling after initial access.
Observation: Compared to the design of DCI formats 0_1/1_1, the design of DCI formats 0_2/1_2 can better adapt to characteristics of various RedCap use cases, given the design of DCI formats 0_2/1_2 is flexible in terms of much more configurable DCI field sizes. 
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