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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: OLE_LINK11]In RAN1#105 e-meeting, reduced number of UE Rx branches was further discussed for RedCap UEs. And the relevant agreements are given as below [1]:
· Redcap UE is mandated to support at least DCI format 0_0/1_0.
· For UE capability signalling, the number of Rx branches for RedCap is implicitly indicated by the corresponding capability parameter maxNumberMIMO-LayersPDSCH in the existing UE capability framework.
· Detailed signalling is up to RAN2
· Regarding DCI format 0_1/1_1 and DCI format 0_2 and 1_2, 
· DCI format 0_1/1_1 are mandatory as in legacy. DCI 0_2/1_2 are optionally supported. 
In this contribution, we provide some considerations on PDCCH blocking and DCI fields for reduced number of UE Rx branches.
2. [bookmark: OLE_LINK14][bookmark: OLE_LINK94][bookmark: OLE_LINK2][bookmark: OLE_LINK95][bookmark: OLE_LINK38][bookmark: OLE_LINK37][bookmark: OLE_LINK1][bookmark: OLE_LINK50][bookmark: OLE_LINK13]Discussion
PDCCH blocking
[bookmark: OLE_LINK5]Due to the reduced number of UE Rx branches, higher aggregation levels may be used for PDCCH to compensate coverage loss, which leads to an increase of PDCCH blocking rate. 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 of [1, 2, 4, 8, 16] ECCEs is [0.5, 0.4, 0.05, 0.03, 0.02] for the case where majority of the UEs are in good coverage and [0.1, 0.2, 0.4, 0.2, 0.1] for the case where majority of the UEs are in medium coverage. If RedCap UEs access the network, the number of the PDCCHs configured with medium and large ALs will increase and that with small AL will decrease. 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 AL distributions in different proportions of RedCap UEs can be given as following:
· Good coverage: 
· 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
· Medium coverage:
· 0% RedCap UEs: [0.1, 0.2, 0.4, 0.2, 0.1] for [1, 2, 4, 8, 16] ECCEs
· 25% RedCap UEs: [0.075, 0.175, 0.35, 0.25, 0.15] for [1, 2, 4, 8, 16] ECCEs
· 50% RedCap UEs: [0.05, 0.15, 0.3, 0.3, 0.2] for [1, 2, 4, 8, 16] ECCEs
Based on these AL distributions, we simulate the PDCCH blocking rate in good coverage and medium coverage. And the simulation results are shown in Figure 1 and 2.
[image: F1]
Figure 1 PDCCH blocking rate in good coverage
[bookmark: OLE_LINK7]From Figure 1, for good coverage, 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 CORESET. However, the absolute value of the increased blocking rate is only 1.4% and 2.6% for these two cases. In this case, PDCCH blocking may not considered.
[bookmark: OLE_LINK17]Observation 1: For good coverage, PDCCH blocking may not be considered since the absolute value of PDCCH blocking rate is low even if RedCap UEs access the network. 
[image: ONE]
Figure 2 PDCCH blocking rate in medium coverage
From Figure 2, for medium coverage, the value of PDCCH blocking rate increases to 21.6% for 25% RedCap UEs and 27.5% for 50% RedCap UEs when 7 UEs are simultaneously scheduled in a CORESET. In this case, PDCCH blocking rate needs to be reduced when RedCap UEs access the network.
Observation 2: For medium coverage, PDCCH blocking rate needs to be reduced if more than 25% RedCap UEs access the network.
Thus, whether to introduce solutions for reducing PDCCH blocking rate should be discussed separately for connected mode and initial access. For connected mode, it is feasible to reduce PDCCH blocking via the existing technologies. For example, the gNB can configure DCI format 0_2/1_2 instead of DCI format 0_1/1_1 for RedCap UEs when PDCCH blocking reduction is needed. Alternatively, the gNB can schedule RedCap UEs in separate CORESET, search space or BWP based on the existing UE-specific parameters to reduce blocking impact on normal NR UEs. During initial access, a separate CORESET or search space can be defined for RedCap UEs to reduce PDCCH blocking. It can be supported that separate initial DL BWP for RedCap UEs include a configuration of CORESET and CSS. 
[bookmark: OLE_LINK8][bookmark: OLE_LINK6]Proposal 1: For connected mode, PDCCH blocking rate can be reduced via the existing UE-specific configurations, e.g. separate CORESET, search space or BWP for RedCap UEs.
Proposal 2: For initial access, a separate CORESET or search space for RedCap UEs can be defined to reduce PDCCH blocking.
DCI field
In last meeting, some potential modification on the fields of existing DCI formats were discussed for RedCap UEs. We list the DCI fields and give their availability on reduced capability as below:
[bookmark: OLE_LINK12]Carrier indicator (format 0-1, 0-2, 1-1, 1-2): The support of CA/DC is not needed for RedCap UEs, so carrier indicator field should not be present in DCI formats. In the existing specifications, higher layer parameter cif-Presence is used to indicate whether carrier indicator field is present or not. If the value of cif-Presence is false, carrier indicator field is 0 bits. This case is applicable for RedCap UEs. And information element CrossCarrierSchedulingConfig with respect to cross-carrier scheduling does not need to be configured.
[bookmark: OLE_LINK15]Frequency domain resource assignment (format 0-1, 0-2, 1-1, 1-2): This DCI field has configurable bitwidth depending on the size of bandwidth part. If a RedCap UE is configured with a BWP wider than the maximum bandwidth of the RedCap UE, there may be a waste of overhead in this DCI field. According to the agreements and working assumptions in RAN1#105 e-meeting, a RedCap UE cannot be configured with a DL or UL BWP wider than the maximum bandwidth of the RedCap UE. Hence the size of Frequency domain resource assignment field can match the bandwidth requirements of RedCap UEs.
[bookmark: OLE_LINK16]Precoding information and number of layers (format 0-1, 0-2): This field is involved in DCI formats for UL scheduling. In the current specifications, uplink transmission support 1Tx branch for. And this DCI field is 0 bits for the case with higher layer parameter txConfig = nonCodeBook and for the case with 1 antenna port and higher layer parameter txConfig = codebook. Precoding information and number of layers field can cover the configuration of UL single Tx antenna branch for RedCap UEs.
[bookmark: OLE_LINK10]PTRS-DMRS association (format 0-1, 0-2): This field is involved in DCI formats for UL scheduling. In the existing specifications, the field size is 0 bits if the maximum number of rank equals 1. So uplink transmission with 1Tx antenna and 1 layer can be met for RedCap UEs.
CBG transmission information (format 0-1, 1-1): This DCI field is used to indicate the retransmission information of code block groups in one transport block. It can be configured as 2, 4, 6 or 8 bits by higher layer parameter maxCodeBlockGroupsPerTransportBlock, wherein each bit in this DCI field corresponds to a code block group. And it can be configured as 0 bit if higher layer parameter codeBlockGroupTransmission is not configured. Since RedCap UEs support a bandwidth of 20MHz and optionally 256QAM for PUSCH and PDSCH, large TB includes multiple code blocks which can be divided into multiple CBGs. Based on the existing specifications, CBG transmission information field is appropriate for CBG-based transmission requirements of RedCap UEs.
[bookmark: OLE_LINK4]MCS, NDI, RV for TB2 (Format 1-1): In the existing specifications, MCS, NDI, RV fields for TB2 are only present if higher layer parameter maxNrofCodeWordsScheduledByDCI equals 2. And the size of these three DCI fields is 0 bits for single codeword. Hence, these three DCI fields does not need to be removed since they are absent in DCI format 1_1 for RedCap UEs.
Antenna ports (format 1_1 and 1_2): This DCI field can be configured as 4, 5 or 6 bits depending on DL DMRS configuration if it is present. Due to less Rx branches and MIMO layers for RedCap UEs, the number of DMRS ports is reduced for DL. For 2Rx RedCap UEs, antenna ports field still need the bitwidth of 4, 5 or 6 bits to support up to 2-layer transmission. But for 1Rx RedCap UEs, this DCI field could be reduced by 1 bit since only single DMRS port is required.
[bookmark: OLE_LINK9]Thus, it is observed that the fields of Carrier indicator, Frequency domain resource assignment Precoding information and number of layers, PTRS-DMRS association, CBG transmission information and MCS, NDI, RV for TB2 can be compatible with reduced capability devises. Wherein, the fields of Carrier indicator, Precoding information and number of layers, PTRS-DMRS association and MCS, NDI, RV for TB2 are absent and the fields of Frequency domain resource assignment and CBG transmission information can be configured with appropriate bit-width. So the removal or optimization of these DCI fields is not necessary for reduced capability devises. Regarding other DCI fields, whether some potential size reductions or modifications are needed should depend on the related features. 
Proposal 3: The removal or optimization of the following DCI fields are not required for RedCap UEs.
· Carrier indicator
· Frequency domain resource assignment
· Precoding information and number of layers
· PTRS-DMRS association
· CBG transmission information
· MCS, NDI, RV for TB2
3. Conclusion
In this contribution, we have discussed reduced number of UE Rx branches for RedCap UEs. And the following observations and proposals are given:
Observation 1: For good coverage, PDCCH blocking may not be considered since the absolute value of PDCCH blocking rate is low even if RedCap UEs access the network. 
Observation 2: For medium coverage, PDCCH blocking rate needs to be reduced if more than 25% RedCap UEs access the network.
Proposal 1: For connected mode, PDCCH blocking rate can be reduced via the existing UE-specific configurations, e.g. separate CORESET, search space or BWP for RedCap UEs.
Proposal 2: For initial access, a separate CORESET or search space for RedCap UEs can be defined to reduce PDCCH blocking.
Proposal 3: The removal or optimization of the following DCI fields are not required for RedCap UEs.
· Carrier indicator
· Frequency domain resource assignment
· Precoding information and number of layers
· PTRS-DMRS association
· CBG transmission information
· MCS, NDI, RV for TB2
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