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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104b-e, reduced number of Rx branches and related issues caused were discussed. The following agreements were made:
	Agreement:
· Redcap UE is mandated to support at least DCI format 0_0/1_0.

Agreement:
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.

Conclusion
· No consensus to support early identification of the number of Rx branches in Msg1/Msg3/MsgA for Redcap UE in Rel-17.

Agreement:
Regarding DCI format 0_1/1_1 and DCI format 0_2 and 1_2, 
[bookmark: OLE_LINK1]DCI format 0_1/1_1 are mandatory as in legacy. DCI 0_2/1_2 are optionally supported. 


[bookmark: _Ref129681832]Since it was discussed in this agenda last meeting, we provide our analysis on support of DCI formats and relevant issues for reduction of number of Rx branches. 
On reduced minimum number of RX branches
1.1 Discussion on DCI formats support
By NR Rel-16, the following DCI formats have been specified.
Table 1: DCI formats specified in NR
	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



For DCI format 2_0, it is used for notifying the slot format for non-shared spectrum channel access and shared spectrum channel access. In order to keep the flexibility of slot format indication, it can be optionally supported at least for non-shared spectrum channel access. In addition, considering RedCap UE focus on single connectivity, only the slot format of PCell needs to be configured via DCI format 2_0.
For DCI format 2_1, it is used for notifying the PRB(s) and OFDM symbol(s) where UE may assume no transmission is intended for the UE. Considering multiple use cases have been defined for RedCap UEs, e.g. video surveillance, IWSN, wearables, and different use cases have different QoS requirements, downlink interrupted transmission indication would be useful and can be optionally supported.
For DCI format 2_2, it is used for the transmission of TPC commands for PUCCH and PUSCH. Group-TPC is necessary for the dynamic power adjustment of configured grant or SPS transmission and also beneficial to reduce the network overhead for power control of multiple UEs. So it can be optionally supported. Note (PUCCH-)SCell related configuration is not needed.
For DCI format 2_3, it is used for the transmission of a group of TPC commands for SRS transmissions by one or more UEs and SRS request.  Considering RedCap UE focus on single connectivity, only type B DCI format 2_3 needs to be optionally supported.
No major issue are identified for RedCap UE to optionally support DCI format 2_4 and format 2_5 either.
For DCI format 2_6, the SCell dormancy indication doesn’t need to be supported and only wake-up indication can be optionally supported.
In short, as the DCI format 2_x is designed to be able to flexibly include various number of blocks corresponding to a group of UEs, or a number of carriers, it may be beneficial to allow RedCap UEs optionally report its support capability in order to multiplex with non-RedCap UEs and reduce the overall overhead. On the other hand, since RedCap UEs does not intend to support CA related capabilities, some of the formats when addressing to multiple carriers instead of multiple users are not needed. This perhaps can be achieved by RRC configuration. 
While for DCI format 3_x for sidelink, usually a separate module would be needed for UE-to-UE communication, which increase the UE complexity/cost and has never been evaluated in the study phase. The use cases identified for Rel-17 RedCap does not include vehicle communication either. The often highly demanded link requirements in terms of latency and reliability will be challenging for RedCap UEs while the cost might not be a metric for those scenarios. Thus, the need for RedCap UE to support sidelink is unclear.  Given the workload in both RAN1 and RAN4 for testing and lack of clear motivation and benefits for support, we suggest
Proposal 1: DCI format 2_x can be optionally supported and DCI format 3_x is not supported for RedCap UEs.

1.2 Discussion on potential enhancements
As discussed before, UE RX branches reduction may lead to higher PDCCH blocking rate.  Considering the coexistence of RedCap UEs and non-RedCap UEs, this issue could be considered while specification impact should be minimized.
One natural resolution is to reduce the DCI size. So some indicator fields of the current specified DCI format maybe optimized considering the RedCap UE complexity reduction. As agreed in the WID [1], DL MIMO layers will be reduced if Rx branches are reduction for RedCap UE as following.
· 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.
In DCI format 1_1 or DCI format 1_2, the field of antenna port (s) occupies 4, 5 or 6 bits, which enables to indicate maximum 4 DMRS ports relative to maximum 4 MIMO layers supported by legacy NR UEs. However, with no more than 2 MIMO layers supported for RedCap UEs, there is no need to indicate more than 2 DMRS ports in the DL scheduling DCI for RedCap UEs. For example, in TS 38.212 Table 7.3.1.2.2-1, the value 9, 10 in antenna port(s) field indicate 3 and 4 DMRS port(s) respectively, which is invalid for RedCap UEs. Therefore, the reduction/modification for DCI antenna port (s) field can be considered. For example, these unusable states can be repurposed to dynamically adjust the configurations of DMRS for RedCap UEs, in addition to antenna port indication. This is potentially helpful when high flexibility of DMRS is desired, for instance in multi-user MIMO scheduling thus can also improve the system efficiency.
In addition, other fields can also be considered to be reduced/modified, such as carrier indicator field considering CA is not support for RedCap UEs. As a direct point relevant to reduction of number of Rx, we propose
Proposal 2: Antenna port (s) field in DCI for RedCap can be modified for relaxed maximum number of DL MIMO layers.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the potential solutions for dealing with the reduction of Rx branches in RedCap UEs are discussed. Based on the analysis, we have the following proposals:
Proposal 1: DCI format 2_x can be optionally supported and DCI format 3_x is not supported for RedCap UEs.
Proposal 2: Antenna port (s) field in DCI for RedCap can be modified for relaxed maximum number of DL MIMO layers.
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