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[bookmark: _Ref521334010][bookmark: _GoBack]Introduction
In RAN#90-e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The latest WID was updated in RAN#92-e [2]. It was agreed to reduce Rx numbers, reduce DL MIMO layers and relax modulation order for RedCap UE, aiming at reducing the complexity/cost of NR devices:
	…
· 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.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.


In this contribution, we discuss the remaining aspects related to complexity reduction for RedCap UE. 

Discussion
On supported DCI 
For single UE scheduling, it was agreed that DCI format 0_0/1_0/0_1/1_1 are mandatory for RedCap UE. The RedCap UE can optionally support DCI format 0_2/1_2 as well. This is aligned with the non-RedCap UEs, and can help reducing the burden of gNB to support RedCap UE.
For group scheduling, DCI format 2_x is optional for non-RedCap UEs. Currently, there is no obvious preclusion for the RedCap UE to use DCI format 2_x. In our view, whether a RedCap UE supports a specific group common DCI should be based on the UE capability of the (mandatorily or optionally) supported features. For example, RedCap UE shall not support DCI format 2_5, since IAB is not supported by the RedCap UE. Similar analysis can be applied to DCI format 3_x, which is related to sidelink scheduling. We think there is no need to check whether RedCap UE can support DCI format 2_x and DCI format 3_x one-by-one.
For RedCap UE, due to the reduced number of Rx branches, the number of the DL MIMO layers is reduced to 2 or 1. Some companies may propose to reduce the bitwidth of Antenna Port(s) field. Currently, for DCI format 1_1, the bitwidth of Antenna Port(s) field can be 4/5/6 bits. Similarly, for DCI format 1_2, the bitwidth of Antenna Ports can be 0 bit or 4/5/6 bits. Ideally, for 1 Rx UE, the bitwidth to indicate DMRS may be reduced compared to the case of 4/5/6 bits. However, the bit reduction may not be huge. For example:
· For a RedCap UE with 2 Rx branches, 4 bits are required to indicate 10 different states of the ports, i.e. {0, 1, 01} for 1 CDM group without data and port {0, 1, 2, 3, 01, 23, 02} for 2 CDM groups without data. Hence there is no bit reduction compared to the current Antenna Port(s) field. 
· For a RedCap UE with 1 Rx branch, it may still need 3 bits to indicate 6 different states of the ports, i.e. port {0, 1} for 1 CDM group without data and port {0, 1, 2, 3} for 2 CDM groups without data. There is only 1 bit reduction compared to the current Antenna Port(s) field (assuming 4 bits). 
So, for the case of 4/5/6 bits Antenna Port(s) field in DCI format 1_1/1_2, the coverage improvement is marginal with potential bit reduction for RedCap UEs. It is not worthy to bring additional complexity to the standard, at least for Rel-17. 
Similarly, RedCap UE may support SUL if it meets the related RAN4 requirement. Dynamic switching between SUL and NUL is also optional even if SUL is supported. If a RedCap UE reports that it is capable with dynamic switching between SUL and NUL, naturally the ‘UL/SUL indicator’ field can be included in the related DCIs. But again this is aligned with the non-RedCap UE, and no change on DCI field is required.
Proposal 1: Modification on fields of existing DCI formats for RedCap UE is not considered in Rel-17.
Proposal 2: What DCI format can be supported and the length of each DCI field depend on the outcome of RedCap UE capability.

On PDCCH blocking issue
Several solutions were proposed to tackle the potential PDCCH blocking issue in RAN1#104bis-e. However, there was no consensus whether there will be serious PDCCH blocking issue based on the previous study during the SI phase. According to the current WID, there is no requirement to introduce solution for PDCCH blocking issue [2]. 
Note that PDCCH blocking rate is highly related to simulation assumptions and scheduling scheme. As a result, companies agreed to utilize current DCI formats (specifically compact DCI format 0_2/1_2) to alleviate the potential PDCCH blocking issue in RAN1#104bis-e.
	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.


Other than compact DCI, many existing methods can be reused to reduce the blocking rate. For example, the gNB can configure non-overlapped CORESET/USS to normal UE and RedCap UE within the same BWP. For another example, different BWPs can be configured to normal UE and RedCap UE in RRC_CONNECTED state. We do not see strong need to pursue standardized solutions to reduced PDCCH blocking issues in Rel-17.
Proposal 3: No new standardized method is pursued to reduce PDCCH blocking issues in Rel-17.

Conclusion
In this contribution, we provide our views on remaining aspects related to complexity reduction for RedCap UE. The proposals are summarized as follows:
Proposal 1: Modification on fields of existing DCI formats for RedCap UE is not considered in Rel-17.
Proposal 2: What DCI format can be supported and the length of each DCI field depend on the outcome of RedCap UE capability.
Proposal 3: No new standardized method is pursued to reduce PDCCH blocking issues in Rel-17.

Reference
[1]. [bookmark: _Ref39749538]RP-202933, New WID on support of reduced capability NR devices, Ericsson, RAN#90e, December 7th – 11th, 2020.
[2]. [bookmark: _Ref64637089][bookmark: _Ref64636111][bookmark: _Ref60735320]RP-211574, Revised WID on support of reduced capability NR devices, Ericsson, RAN#91-e, e-Meeting, June 14th – 18th, 2021.
[3]. [bookmark: _Ref78205107][bookmark: _Ref78207774]Chairman's Notes RAN1#106-e, 3GPP TSG RAN WG1 Meeting #106-e, e-Meeting, August 16th – 27th, 2021.
[4]. [bookmark: _Ref82434141]R1-2108478, FL summary #5 on duplex operation for RedCap, Moderator (Qualcomm), RAN1#106-e, e-Meeting, August 16th – 27th, 2021.
