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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104 e-meeting, the complexity reduction was discussed for RedCap UEs. The relevant agreements on reduced number of UE Rx branches can be given as below [1]:
· 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 provide further considerations on these issues.
2. [bookmark: OLE_LINK1][bookmark: OLE_LINK94][bookmark: OLE_LINK37][bookmark: OLE_LINK95][bookmark: OLE_LINK2][bookmark: OLE_LINK14][bookmark: OLE_LINK50][bookmark: OLE_LINK38][bookmark: OLE_LINK13]Discussion
PDCCH blocking
When the number of Rx branches is reduced by 2Rx->1Rx, 4Rx->2Rx and 4Rx->1Rx, the degradation of downlink performance is expected for RedCap UEs. In order to compensate this performance degradation, higher aggregation levels may be used for PDCCH. This will increase the probability of PDCCH blocking which causes additional performance impact on latency, data rate and network capacity. This causality can be summarized in Figure 1.


Figure 1 Impact of reduced number of Rx branches
It can be observed that, on reduced number of UE Rx branches, the increase of aggregation level is the direct factor leading to higher blocking rate. Therefore, the distribution of PDCCH aggregation levels should be determined for the UEs connected to the network. Then, the corresponding PDCCH blocking rate is evaluated.
PDCCH blocking rate caused by increase of AL has been studied for UE power saving feature in SI phase [2]. According to Table 6.2-5 in TR38.875, the AL distribution is [0.5, 0.4, 0.05, 0.03, 0.02] for [1, 2, 4, 8, 16] ECCEs assuming majority of the UEs are in good coverage. When RedCap UEs access the network, the number of the PDCCHs configured with medium and large ALs will increase and that with low AL will decrease since the gNB needs to cover both NR UEs and RedCap UEs. This change of AL distribution is associated with the proportion of RedCap UEs. Assuming that Rx branch reductions of 2Rx->1Rx and 4Rx->2Rx cause a doubling of the AL, the following AL distributions can be given for different proportions of RedCap UEs.
· 0% RedCap UEs: [0.5, 0.4, 0.05, 0.03, 0.02]  for [1, 2, 4, 8, 16] ECCEs
· 25% RedCap UEs: [0.375, 0.425, 0.138, 0.035, 0.027] for [1, 2, 4, 8, 16] ECCEs
· 50% RedCap UEs: [0.25, 0.45, 0.225, 0.04, 0.035} for [1, 2, 4, 8, 16] ECCEs
Based on these AL distributions, we simulate the PDCCH blocking rate and the simulation results are shown in Figure 2.
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Figure 2 PDCCH blocking rate 
From Figure 2, the PDCCH blocking rate increases by 1.3 times for 25% RedCap UEs and 3.3 times for 50% RedCap UEs when 8 UEs are simultaneously scheduled in a slot. However, the absolute value of the increased blocking rate is only 1.4% and 2.6% for these two cases. For serious blocking scenarios, Moreover, it can be considered to reduce PDCCH blocking via different CORESET or search space configurations for RedCap UE and NR UE. A PDCCH CORESET or search space dedicated to RedCap UEs can be configured to reduce blocking impact on non-RedCap NR UEs.
Proposal 1: A dedicated CORESET or search space for RedCap UEs could be configured to reduce PDCCH blocking.
UE antenna configuration
For FR2, multiple antenna elements can be mapped to a single antenna port with different antenna configurations including the number of antenna elements, the size of antennas, polarization and the number of panels. These antenna configurations affect the reception performance and complexity of RedCap UE. For example, more antenna elements have higher complexity and better performance. This performance impact is mainly dependent on the gain of the spatial channel associated with the antenna configuration. Hence the antenna configuration report is convenient for the gNB to use suitable scheduling and allocation schemes to match the spatial channel for a given UE. However, the existing CSI report can reflect the channel state of the UE. So antenna configuration report may not be necessary for FR2 RedCap UEs with reduced number of Rx branches.
Proposal 2: The antenna configuration report may not be necessary for FR2 RedCap UEs.
Information related to number of antenna branches
Reducing the number of UE Rx branches lead to the degradation of downlink performance. The amount of degradation depends on the reduced number of Rx branches. If the number of Rx branches is identified by gNB, some appropriate transmission configurations, such as more physical resources, larger number of repetitions or lower MCS, can be used to improve downlink reception reliability. Also, distinguishing between 1Rx and 2Rx branches can avoid conservative treatment of the 2Rx UEs. Hence, early identification of the number of Rx branches during initial access is necessary to improve network performance. It has been agreed that the information related to the reduced number of Rx branches is informed to gNB either implicitly or explicitly. Thus, we give the following two options:
· Option 1: Indicate the number of UE Rx branches during Msg1 transmission via separate PRACH resource or PRACH preamble partitioning
· Option 2: Report the number of UE Rx branches in Msg3.
Due to larger performance loss of 1Rx branch, DL coverage compensation may be required for Msg2, Msg4 and common PDCCH for 1Rx RedCap UE. If the number of Rx branches is identified in Msg3, gNB will transmit Msg2 with the configurations applicable for 1Rx branch for all RedCap UEs, which causes a drop on network efficiency. This also results in a higher blocking rate of PDCCH used for Msg2. If the number of Rx branches is identified in Msg1, gNB can enhance Msg2 coverage performance only for 1Rx UEs to avoid conservative treatment for 2Rx UEs. Therefore, we recommend applying Option 1 to determine the number of Rx branches of RedCap UEs.
Proposal 3: The number of Rx branches can be identified during Msg1 transmission for RedCap UEs.
3. Conclusion
In this contribution, we have discussed the reduced number of UE Rx branches for RedCap UEs. And the following proposals are given:
Proposal 1: A dedicated CORESET or search space for RedCap UEs could be configured to reduce PDCCH blocking.
Proposal 2: The antenna configuration report may not be necessary for FR2 RedCap UEs.
Proposal 3: The number of Rx branches can be identified during Msg1 transmission for RedCap UEs.
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