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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1#104-e and RAN1#104bis-e meeting, following agreements were made for the reduced number of Rx branches [1] – [2]:
	Agreements@RAN1#104-e:
· For reduced minimum number of Rx branches in FR1 and FR2 frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports:
· FFS: need for solutions to reduced PDCCH blocking 
· FFS: need for reporting of UE antenna related information to gNB (e.g., # of panels, polarization, etc.)
· Information related to the reduction of the number of antenna branches is assumed to be known at the gNB (either implicitly or explicitly, to be FFS)
Agreements@RAN1#104bis-e:
· 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 
· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported 
[bookmark: OLE_LINK1]Agreements@RAN1#104bis-e:
· 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.



In this contribution, we provide our views on about the reduced number of Rx branches. 

2. Reduced number of Rx branches 
2.1. Reporting of reduced number of Rx branches  
About reporting of the number of Rx branches, at least by using UE capability report was agreed. Based on WID [3], the RedCap UE is mandated to support the same DL MIMO layer as the number of Rx branches. 
Therefore, the DL MIMO capability related capability can be used to implicitly report to the network about the number of Rx branches. Currently, NR supports following capability signaling for DL MIMO [4]:
	maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signaling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE does not support MIMO on this carrier.
	FSPC
	CY
	N/A
	N/A



For RedCap UE, above maxNumberMIMO-LayersPDSCH included in the FeatureSetDownlinkPerCC can be reused to indicate the supported maximum number of layers, which also implicitly report to the network about the number of Rx branches. It is noticed that the current values for MIMO-LayersDL included in maxNumberMIMO-LayersPDSCH are {twoLayer, fourLayer, eightLayers}. To support reduced number of Rx branches for RedCap, either absence of the capability of maxNumberMIMO-LayersPDSCH or the value of oneLayer can be added to MIMO-LayersDL.
Proposal 1: The number of Rx branches supported by a Rel-17 RedCap UE can be reported implicitly via the existing capability parameter maxNumberMIMO-LayersPDSCH.
· Either absence of the capability of maxNumberMIMO-LayersPDSCH or the value of oneLayer should be added to the MIMO-LayersDL of maxNumberMIMO-LayersPDSCH
One FFS point is whether it is necessary for gNB to know the number of antenna branches during the initial access by Msg1 and/or Msg3, and MsgA. This is also related to the discussion of the early identification for RedCap, whether early identification is to differentiate UE types, i.e., RedCap and non-RedCap UEs or whether the early identification can be used to further differentiate within RedCap UEs, for example to differentiate RedCap UEs with 1Rx and 2Rx. As summarized in [5], the main motivations to use Msg.1 and/or Msg.3 to further distinction between 1Rx and 2Rx for RedCap UEs are to improve the performance of Msg2/4 and to avoid conservative scheduling for 2Rx RedCap UEs since network may assume all the RedCap UEs have 1Rx. However, for Msg2/4 performace improvement, no DL coverage enhancements are agreed for RedCap with minimum 1 Rx branch. Power boosting, TB scaling and/or HARQ-based retransmission for Msg.4 are all available to enhance the DL channel performance during the initial access. It is noted that for RedCap UE with 1Rx, it does not always mean its channel condition is poor. Besides, if the information carried by early indication is not just binary information but rather multiple combinations related to the detailed feature reductions, it increases Msg.1 or Msg.3 overhead and is not forward compatible. Therefore, it is not necessary to further differentiate UEs within the RedCap during the initial access. It is sufficient and desirable to convey the information only on RedCap or non-RedCap UE for scheduling strategy optimization. 
Proposal 2: No need to support earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA.
2.2. Necessity for PDCCH blocking reductions 
About whether there is PDCCH blocking issue in case that the same CORESET is shared between the legacy UEs and the RedCap UEs, we think it can be well controlled by network’s proper configuration and access control mechanisms. As discussed in our companion contribution [6], during and/or after the initial access, to avoid/reduce the impacts on legacy UEs, separate initial BWP including the CORESET(s) can be configured for RedCap UEs. Even if the same CORESET is shared for RedCap and legacy UEs, by early identification and/or UE’s capability reporting, network can always prioritize the scheduling of legacy UEs over the RedCap UEs. As clearly captured in the TR 38.875 [7] that “The potential impacts on legacy UEs, in terms of PDCCH blocking rate, when coexisting with RedCap UEs in a shared CORESET depend on the scheduling strategy and system parameters. Depending on the network implementation, if legacy UEs are prioritized over RedCap UEs, there is no coexistence impact on the legacy UEs at the cost of increased latency at the RedCap UE side”. Therefore, no strong justification is found to specify any solutions to reduce the PDCCH blocking and it is also not efficient or necessary to re-open such discussion. 
Proposal 3: There is no need to specify PDCCH blocking reduction solutions specific to redcap UEs. 
2.3. DCI formats for RedCap UEs
Existing scheduling DCI format 0_0/1_0, DCI format 0_1/1_1 and DCI format 0_2/1_2 can be reused for RedCap UEs with reduced minimum number of Rx branches. Same as legacy UEs, fallback DCI formats i.e., DCI format 0_0/1_0 should be mandatory for RedCap UEs for receiving the SI, paging and/or Msg.2. Compact DCI based on DCI format 0_2/1_2 can help compensate the coverage loss due to reduced Rx branches, but it should be optional for RedCap UEs. Otherwise, the RedCap UE is mandated to support both fallback DCI formats and compact DCI formats, which brings some complexity for RedCap UEs on monitoring multiple DCI formats simultaneously and may have some impacts on the DCI size budget.  
Proposal 4: For RedCap UEs, 
· DCI format 0_0/1_0 are mandatory.
· DCI format 0_1/1_1 can be mandatory
· DCI format 0_2/1_2 are optional.
For RedCap with 1Tx and 1 or 2 Rx branches, and without supporting CA/DC, Table 1 tentatively summarizes the fields that can be removed in non-fallback UL and DL DCI formats.
[bookmark: _GoBack]Table 1 Summary of unnecessary fields of DCI formats for RedCap
	Non-fallback UL DCI format (DCI format 0_1)
	Non-fallback DL DCI format (DCI format 1_1)

	Field
	Views 
	Field
	Views

	Carrier indicator
	No need for RedCap
	Carrier indicator
	No need for RedCap

	UL/SUL indicator
	No need for RedCap
	UL/SUL indicator
	No need for RedCap

	Precoding information and number of layers
	No need for 1Tx
	Modulation and coding scheme for TB1
	No need for RedCap with maximum 1 and 2 layers

	CBG transmission information (CBGTI)
	CBG may not be necessary for RedCap with small packet size
	New data indicator for TB1 
	No need for RedCap 

	2nd downlink assignment index 
	CBG may not be necessary for RedCap with small packet size
	Redundancy version for TB1
	No need for RedCap 

	PTRS-DMRS association
	No need for 1Tx 
	CBG transmission information (CBGTI)
	CBG may  not be necessary for RedCap with small packet size

	SCell dormancy indication
	No need for RedCap
	CBG flushing out information (CBGFI)
	

	SRS resource indicator

	FFS 
If the number of SRS resources can be restricted to 1, this field is not needed .
	SCell dormancy indication 
	No need for RedCap

	Priority indicator
	FFS, maybe configurable
	Priority indicator
	FFS, maybe configurable

	Invalid symbol pattern indicator
	FFS whether PUSCH repetition Type B is supported for RedCap
	
	



Proposal 5: For non-fallback UL DCI format, at least following field(s) can be considered to be removed for RedCap
· Carrier indicator
· UL/SUL indicator
· Precoding information and number of layers
· CBG transmission information (CBGTI)
· 2nd downlink assignment index
· PTRS-DMRS association
· SCell dormancy indication

Proposal 6: For non-fallback DL DCI format, at least following field(s) can be considered to be removed for RedCap
· Carrier indicator
· UL/SUL indicator
· Modulation and coding scheme for TB1
· New data indicator for TB1 
· Redundancy version for TB1
· SCell dormancy indication 
· CBG transmission information (CBGTI)
· CBG flushing out information (CBGFI)

3. Conclusion
This contribution discusses the reduced number of Rx branches for RedCap UEs. The proposals are summarized as following:
Proposal 1: the number of Rx branches supported by a RedCap UE can be reported implicitly via the existing capability parameter maxNumberMIMO-LayersPDSCH.
· Either absence of the capability of maxNumberMIMO-LayersPDSCH or the value of oneLayer should be added to the MIMO-LayersDL of maxNumberMIMO-LayersPDSCH
Proposal 2: No need to support earlier indication of Redcap UEs with # Rx branches by Msg1 and/or Msg3, and MsgA.
Proposal 3: There is no need to specify PDCCH blocking reduction solutions specific to redcap UEs.
Proposal 4: For RedCap UEs, 
· DCI format 0_0/1_0 are mandatory.
· DCI format 0_1/1_1 and DCI format 0_2/1_2 are optional.
Proposal 5: For non-fallback UL DCI format, at least following field(s) can be considered to be removed for RedCap
· Carrier indicator
· UL/SUL indicator
· Precoding information and number of layers
· CBG transmission information (CBGTI)
· 2nd downlink assignment index
· PTRS-DMRS association
· SCell dormancy indication
Proposal 6: For non-fallback DL DCI format, at least following field(s) can be considered to be removed for RedCap
· Carrier indicator
· UL/SUL indicator
· Modulation and coding scheme for TB1
· New data indicator for TB1 
· Redundancy version for TB1
· SCell dormancy indication 
· CBG transmission information (CBGTI)
· CBG flushing out information (CBGFI)

4. References
1. 3GPP RAN1#104-e meeting, Chairman’s notes.
1. 3GPP RAN1#104bis-e meeting, Chairman’s notes.
1. RP-210918, ‘Revised WID on support of reduced capability NR devices,’ Nokia, Ericsson
1. 3GPP TR 38.306, User Equipment (UE) radio access capabilities, (Release 16), V16.3.0, 2020-12
1. R1-2103866, FL summary #2 for reduced number of Rx branches for RedCap, Moderator (Apple) 
1. R1-2104365, ‘Discussion on reduced maximum UE bandwidth,’ vivo, Guangdong Genius
1. 3GPP TR 38.875, Study on support of reduced capability NR devices, (Release 17), V0.1.0, 2020-11
