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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:
	Agreements:
· At least using UE capability report according the existing framework to indicate (implicitly or explicitly) the number of Rx branches  
· FFS: whether/how to support earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA 
· [bookmark: OLE_LINK1]FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported 
Agreements:
· Reuse 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.



[bookmark: _Ref129681832]In this contribution, the potential solutions to support Rx branches reduction are analyzed, focusing on performance, coexistence with non-RedCap UEs, and specification impacts. 
On reduced minimum number of RX branches
1.1 Discussion on earlier indication of RedCap UEs with 1Rx/2Rx
According to the objectives of the revised WID, only one RedCap UE type will be defined. The significance of early identification of RedCap UEs is to minimize impact on non-RedCap UEs, and avoid the impact to system performance due to relatively higher density of non-RedCap UEs given existing deployments or in the near future. From the differentiation of RedCap UE type from non-RedCap UE point of view, the most deterministic factor is the reduced UE bandwidth, which would affect the initial access procedure thus require a separate handling (at least based on gNB configuration), considering whether initial UL BWP for legacy UEs will exceed the UE max bandwidth or not. In this sense, both 1Rx branch and 2Rx branches RedCap UEs are regarded as same UE (type). 
Although the difference between 1Rx and 2Rx branches lie in the DL coverage performance, this does not seem to motivate a separate gNB handling at least during initial access, given the weak need of DL coverage compensation. Note, the small device form factor for wearable use case may cause additional antenna efficiency loss that slightly differentiates more RedCap UEs from non-RedCap UEs, it does not differentiate more 1 Rx from 2 Rx branches RedCap UEs, since a RedCap UE with single Rx with small device form factor has better antenna space than a UE with 2 Rx branches in small device. The coverage gap between 1Rx and 2Rx might even get smaller.
On the other hand, the cost of supporting early identification of 1Rx or 2Rx for RedCap UEs includes one or more of: increased RACH/UL OH, lower multiplexing capacity in a RO, increased random access latency, etc.
Proposal 1: Earlier indication for RedCap UEs specific to 1Rx or 2Rx during initial access is not needed.
1.2 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



The fallback format 0_0/1_0 are introduced to handle uncertainties during RRC reconfiguration and provide a low-overhead format for some basic NR features. The fallback DCI formats are also mandatory without capability signaling report, thus used for scheduling in CSS and during initial access as well, thus should remain to be mandatory for RedCap UEs. 
The non-fallback format 0_1/1_1 supports more advanced NR features for various scenarios and applications. Since in R15 the non-fallback DCI formats 0_1/1_1 are also mandatory supported, it does not seem to have obvious cost impact for RedCap UEs to inherit those capabilities. The reduced DCI size could be realized by RRC configurations. 
Other UE specific DCI formats can remain to be optionally supported as reported by UEs, except for DCI formats for sidelink, i.e. 3_x is not needed.
Proposal 2: DCI format 0_0/1_0, 0_1/1_1 are mandatary for the RedCap UEs to support.
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: Earlier indication for RedCap UEs specific to 1Rx or 2Rx during initial access is not needed.
Proposal 2: DCI format 0_0/1_0, 0_1/1_1 are mandatary for the RedCap UEs to support.
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