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1. [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
In RAN1#104 e-meeting, some specification impacts were discussed for maximum number of DL MIMO layers and relaxed maximum modulation order for RedCap. The relevant agreements are given as below [1]:
· For relaxed maximum number of DL MIMO layers: 
· FFS: need for modification of DCI fields/formats
· FFS: need for modification of CSI measurement/reporting
·  The MCS tables currently defined are re-used for RedCap UEs
· FFS which MCS table is the default one for RedCap (i.e., the default one for non-RedCap UEs or the one with low SE entries)
· FFS mandatory/optional of the MCS tables
· Note: there is no new MCS table to be introduced for RedCap Ues
·  The CQI tables currently defined are re-used for RedCap UEs.
· FFS mandatory/optional of the CQI tables
· There is no new CQI table to be introduced for RedCap UEs
In this contribution, we provide further considerations on these specification impacts.
2. [bookmark: OLE_LINK37][bookmark: OLE_LINK1][bookmark: OLE_LINK95][bookmark: OLE_LINK2][bookmark: OLE_LINK14][bookmark: OLE_LINK94][bookmark: OLE_LINK38][bookmark: OLE_LINK50][bookmark: OLE_LINK13]Maximum number of DL MIMO layers
CSI report
In aspect of CSI report, rank indication and layer indication are not required for 1Rx RedCap UEs. When the report quantity is configured to ‘cri-RI-PMI-CQI’, ‘cri-RI-i1’, ‘cri-RI-i1-CQI’, ‘cri-RI-CQI’ or ‘cri-RI-LI-PMI-CQI’, RI is equal to 1 by default for 1Rx RedCap UE in the network. In this case, the reported CSI fields do not include RI and LI and the mapping order of CSI fields can be identified by gNB. Thus, it is observed that the existing specifications can support CSI report of 1Rx RedCap UE and no modification is needed. For 2Rx branches, the CSI processing of RedCap UE is the same as that of normal UE.
Proposal 1: The existing CSI report are reused for RedCap UEs without specification impact.
UE capability
In the current specifications, the maximum number of DL spatial multiplexing layers supported by the UE is signalled by 2 bits of maxNumberMIMO-LayersPDSCH which indicates 2, 4 or 8 layers. Considering that 4 and 8 layers are not supported, the value of this capability parameter is not appropriate for RedCap. Since the maximum number of DL MIMO layers is the same as the number of Rx branches for RedCap UEs, only one of these two capabilities needs to be reported to gNB. If the number of UE Rx branches is early identified in Msg1 or Msg3, the maximum number of DL MIMO layers can be determined implicitly. Otherwise, a new capability parameter can be defined to report whether the maximum number of MIMO layers is 1 layer or 2 layers for DL reception. This depends on the conclusion with respect to early identification of number of Rx branches. 
Observation 1: The value of the existing capability parameter maxNumberMIMO-LayersPDSCH is not appropriate since only 1 and 2 layers are supported for RedCap UEs.
Proposal 2: The maximum number of DL MIMO layers can be explicitly indicated via capability report or implicitly indicated based on early identification of number of Rx branches.
Higher layer parameter
In NR, the higher layer parameter maxMIMO-Layers indicates the maximum number of MIMO layers to be used for PDSCH in all BWPs of this serving cell. Wherein, the bitwidth of 3 bits indicates 1 to 8 layers. For RedCap, this parameter is not needed for 1Rx UEs and it can be replaced by a new 1-bit signaling which indicates the maximum number of layers for PDSCH for 2Rx UEs. 
Additionally, the existing higher layer parameter maxNrofCodeWordsScheduledByDCI is used to indicate the maximum number of code words that a single DCI may schedule. Since only single codeword transmission is supported for RedCap UEs, this parameter can be removed.
Proposal 3: The existing higher layer parameter maxMIMO-Layers and maxNrofCodeWordsScheduledByDCI can be optimized for RedCap UEs.
DCI fields
In DCI format 1_1 or 1_2, antenna ports field indicates DL DMRS configurations, as defined by Tables 7.3.1.2.2-1/2/3/4 and Tables 7.3.1.2.2-1A/2A/3A/4A in TS 38.212. The bitwidth of this field is 4, 5 or 6 bits depending on different DMRS configurations if it is present. For RedCap UEs, the reduced maximum number of DL MIMO layers requires less DMRS ports. For 2Rx RedCap UEs, two DMRS ports can be configured to support two MIMO layers transmission. In this case, antenna ports field still need the bitwidth of 4, 5 or 6 bits which are not reduced compared to the existing field size. But for 1Rx RedCap UEs, antenna ports field can be reduced by 1 bit since only single DMRS port is used for 1 MIMO layer.
[bookmark: _GoBack]Proposal 4: For 1Rx RedCap UEs, antenna ports field can be reduced by 1 bit in DCI format 1_1/1_2 since only single DMRS port is used for 1 MIMO layer.
3. Relaxed maximum modulation order
Default MCS table
The existing specifications include the following three MCS tables:
· 64QAM low SE table (Table 5.1.3.1-3)
· 64QAM high SE table (Table 5.1.3.1-1)
· 256QAM table (Table 5.1.3.1-2)
In NR, 64QAM high SE table is used for PDSCH during initial access. Due to the coverage loss caused by reduced number of Rx branches, some companies propose to apply 64QAM low SE table for RedCap UEs during initial access to improve the coverage performance. Whereas, it is not confirmed that the early identification of RedCap UE type in Msg1 is a mandatory operation. If RedCap UE type is not identified early, gNB cannot distinguish the default tables between RedCap UE and normal UE. Thus, 64QAM high SE table will be used and the coverage performance cannot be enhanced in RACH procedure for RedCap UEs. Also, this will result in mandatory support of both low SE and high SE tables for Redcap UEs. On the other hand, the coverage loss can be compensated by the existing technologies and additional coverage recovery is not considered in the scope of the WI. Therefore, 64QAM high SE table can be reused during initial access for RedCap UEs.
Proposal 5: 64QAM high SE table can be reused during initial access for RedCap UEs.
According to TS 38.214, 64QAM low SE table is used in connected mode when PDSCH is scheduled by DCI from MCS-C-RNTI. The higher layer parameter mcs-Table or mcs-TableDCI-1-2 can indicate whether 64QAM low SE table or 256QAM table is used when DCI is not scrambled by MCS-C-RNTI. And if this higher layer parameter is absent, the default table is 64QAM high SE table.
For these two 64QAM tables, low SE table is applicable for high reliability and low latency while high SE table can achieve large data rate. According to the use cases of RedCap devices, industrial wireless sensors have high reliability and low latency requirements, e.g. latency of 5~10ms and reliability of 99.99%. And wearables have large data rate requirement of DL 150 Mbps and UL 50 Mbps. Therefore, high SE and low SE tables can be applied based on business requirements of RedCap devices. Wherein, the high SE table is mandatory MCS table since it needs to be used during initial access. And the low SE table can be an optional capability reported by RedCap UEs. Thus, the existing specifications in TS 38.214 can be reused for the selection of MCS tables in connected mode. That is, 64QAM high SE table is default MCS table and the MCS table can be switched via MCS-C-RNTI or higher layer parameter mcs-Table/ mcs-TableDCI-1-2.
Proposal 6: 64QAM high SE table is default MCS table and 64QAM low SE table and 256QAM table are optional MCS tables in connected mode for RedCap UEs.
Capability parameter
The NR UE can report the capability parameter pdsch-256QAM-FR1 or pdsch-256QAM-FR2 to indicate whether the UE supports 256QAM modulation scheme for PDSCH for FR1 or FR2. And for FR1, it is mandatory with capability signaling to support 256QAM. For RedCap UEs, support of 256QAM in DL is changed to an optional capability in FR1. Thus, the existing capability parameter pdsch-256QAM-FR1 can be reused to achieve this functionality for RedCap UEs.
Proposal 7: The existing capability parameter pdsch-256QAM-FR1 is reused to indicate whether the RedCap UE supports 256QAM in FR1.
The existing capability parameter dl-64QAM-MCS-TableAlt is used to indicate whether the UE supports alternative 64QAM MCS table for PDSCH. If supported, the UE can be configured with either of high SE table and low SE table. If not supported, the UE can only be configured with the high SE table for 64QAM MCS table. This capability parameter can be reused for RedCap UEs. For RedCap UEs with low SE table capability, the high SE table and the low SE table can be switched by higher layer according to application requirements.
Proposal 8: The existing capability parameter dl-64QAM-MCS-TableAlt is reused to indicate whether the RedCap UE supports 64QAM low SE MCS table.
For CQI table, the existing specifications can be reused because CQI table corresponds to MCS table. 
4. Conclusion
In this contribution, we have discussed the maximum number of DL MIMO layers and relaxed maximum modulation order for RedCap UEs. And the following observations and proposals are given:
Observation 1: The value of the existing capability parameter maxNumberMIMO-LayersPDSCH is not appropriate since only 1 and 2 layers are supported for RedCap UEs.
Proposal 1: The existing CSI report are reused for RedCap UEs without specification impact.
Proposal 2: The maximum number of DL MIMO layers can be explicitly indicated via capability report or implicitly indicated based on early identification of number of Rx branches.
Proposal 3: The existing higher layer parameter maxMIMO-Layers and maxNrofCodeWordsScheduledByDCI can be optimized for RedCap UEs.
Proposal 4: For 1Rx RedCap UEs, antenna ports field can be reduced by 1 bit in DCI format 1_1/1_2 since only single DMRS port is used for 1 MIMO layer.
Proposal 5: 64QAM high SE table can be reused during initial access for RedCap UEs.
Proposal 6: 64QAM high SE table is default MCS table and 64QAM low SE table and 256QAM table are optional MCS tables in connected mode for RedCap UEs.
Proposal 7: The existing capability parameter pdsch-256QAM-FR1 is reused to indicate whether the RedCap UE supports 256QAM in FR1.
Proposal 8: The existing capability parameter dl-64QAM-MCS-TableAlt is reused to indicate whether the RedCap UE supports 64QAM low SE MCS table.
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