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1. Introduction
	As of RAN#90-e meeting, the WI titled “Support of reduced capability NR devices” was approved [1]. The WI objectives are copied below from latest version of the WID [2] for convenience. Related to the reduced number of Rx branches of RedCap, it is noted that as of RAN#91-e meeting, 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. It was also agreed that a means shall be specified by which the gNB can know the number of Rx branches of the UE.
	4	Objective
4.1	Objective of Core part WI
This WI has the following objectives: 
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· … 
· 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.
· … 
· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1]
· …



2. Discussion
	In this contribution, we present our views on other aspects related to UE complexity reduction of RedCap.

2.1. DCI formats for RedCap UEs
	In RAN1#105-e meeting, it was agreed that RedCap UE is mandated to support DCI format 0_0/1_0 and DCI format 0_1/1_1, and optionally support DCI format 0_2/1_2, as in legacy. Other DCI formats are being discussed sequentially. According to TS38.213, usage of each DCI format is as follows.
Table 7.3.1-1: DCI formats
	DCI format
	Usage

	0_0
	Scheduling of PUSCH in one cell

	0_1
	Scheduling of one or multiple PUSCH in one cell, or indicating downlink feedback information for configured grant PUSCH (CG-DFI)

	0_2
	Scheduling of PUSCH in one cell

	1_0
	Scheduling of PDSCH in one cell

	1_1
	Scheduling of PDSCH in one cell, and/or triggering one shot HARQ-ACK codebook feedback

	1_2
	Scheduling of PDSCH in one cell

	2_0
	Notifying a group of UEs of the slot format, available RB sets, COT duration and search space set group switching

	2_1
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE may assume no transmission is intended for the UE

	2_2
	Transmission of TPC commands for PUCCH and PUSCH

	2_3
	Transmission of a group of TPC commands for SRS transmissions by one or more UEs

	2_4
	Notifying a group of UEs of the PRB(s) and OFDM symbol(s) where UE cancels the corresponding UL transmission from the UE

	2_5
	Notifying the availability of soft resources as defined in Clause 9.3.1 of [10, TS 38.473]

	2_6
	Notifying the power saving information outside DRX Active Time for one or more UEs

	3_0
	Scheduling of NR sidelink in one cell

	3_1
	Scheduling of LTE sidelink in one cell


As long as DCI formats 2_x and 3_x are optionally supported by legacy UEs, they should be considered optionally, if supported. Support of DCI formats 2_x has relationship with support of corresponding features such as SFI, pre-emption, TPC, CI, IAB, and WUS. 
Some of the features provided by DCI format 2_0/2_1/2_2/2_3, i.e. SFI, pre-emption, TPC, are relevant to RedCap, so these DCI formats can be optionally supported. DCI format 2_6 is associated with UE power saving, and it can be useful for RedCap UEs. 
For DCI format 2_4, we don’t think they are essential for RedCap UEs, but we are open to further discuss whether to support them at a later stage. However, it is agreed in AI 8.6.1.1 that a HD-FDD RedCap UE is not required to monitor ULCI. Thus, at least HD-FDD RedCap UEs do not support DCI format 2_4.
For DCI format 2_5, from RAN2 perspective, it is concluded that IAB related capabilities are not applicable for a RedCap UE, i.e. the RedCap UE is not expected to act as IAB node [3]. Therefore, there is no need to discuss to support DCI format 2_5.
[bookmark: _GoBack]For DCI format 3_x, there is no need to support sidelink mode 1 by RedCap UEs. Furthermore, we don’t see the needs from the RedCap discussion at least in Rel-17, so there is no need to further discuss whether to support the DCI format 3_x for RedCap in this RedCap WI. We prefer to make a conclusion that the discussion on whether to support DCI format 3_x is not pursued.
Proposal 1: DCI format 2_0/2_1/2_2/2_3/2_6 are optionally supported for RedCap UEs. 
· FFS on whether DCI format 2_4 is supported for RedCap UEs
Proposal 2: DCI format 2_4 is not supported for at least HD-FDD RedCap UEs.
Proposal 3: The discussion on whether to support DCI format 3_x is not pursued in Rel-17 RedCap WI.

2.2. On the PDCCH blocking rate
	Related to DCI formats, it was agreed in the last meeting that DCI format 0_1/1_1 are mandatory as in legacy and DCI format 0_2/1_2 are optionally supported. Modification on existing DCI formats was discussed through an e-mail thread, but no agreement was made. From our perspective, we don’t see there is a critical issue on the PDCCH blocking rate caused by the reduced minimum number of Rx branches, thus there is no need to modify fields of existing DCI formats. Besides, as already discussed through an e-mail thread in the last meeting, most of the existing fields of both DCI format x_1 and x_2 that are not needed for RedCap UEs can already be set to zero. Additional optimization on existing fields does not make much difference in terms of PDCCH blocking rate. Therefore we do not prefer any modifications on the existing DCI format.
	If PDCCH blocking rate issue should be addressed, we are open to further discussion to assess the potential impact. As for solutions to mitigate the potential PDCCH blocking issue, we think configuring a separate initial DL BWP and/or CORESET#0 being discussed mainly for offloading purposes can also be considered as a viable solution for this. With the separate initial DL BWP and/or CORESET#0 and with the existing DCI formats without modification, the PDCCH blocking rate can be controlled sufficiently by gNB.
Proposal 4: Modification on fields of existing DCI formats to reduce PDCCH blocking is not considered in Rel-17 RedCap WI.

2.3. DL coverage recovery
	Another aspect related to the reduced number of Rx branches of RedCap is whether to consider the DL coverage recovery or not. We acknowledge that based on our observations during the RedCap SI phase, the performance difference b/w RedCap UEs with 1 Rx branch and non-RedCap UEs is not small (e.g., [2-3 dB] Msg4, [6 dB] Msg2) in some cases (4GHz, and DL PSD 24 dBm/MHz). However, we have already concluded to not recommend the DL coverage recovery for RedCap WI. As there is nothing new since then, there is no reason to reconsider introducing any new mechanism for DL coverage recovery in Rel-17 RedCap WI. It should also be noted that there are existing mechanisms such as TBS scaling, PDSCH repetition, etc. that can be used to alleviate the DL coverage loss.
Proposal 5: New mechanisms for DL coverage recovery are not further discussed in Rel-17 RedCap WI.

3. Discussion
In this contribution, we present our views on other aspects related to UE complexity reduction of RedCap.
Proposal 1: DCI format 2_0/2_1/2_2/2_3/2_6 are optionally supported for RedCap UEs. 
· FFS on whether DCI format 2_4 is supported for RedCap UEs
Proposal 2: DCI format 2_4 is not supported for at least HD-FDD RedCap UEs.
Proposal 3: The discussion on whether to support DCI format 3_x is not pursued in Rel-17 RedCap WI.
Proposal 4: Modification on fields of existing DCI formats to reduce PDCCH blocking is not considered in Rel-17 RedCap WI.
Proposal 5: New mechanisms for DL coverage recovery are not further discussed in Rel-17 RedCap WI.
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