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Introduction
Regarding number of Rx branches at REDCAP UE, RAN1#104-e achieved the following agreements 

	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 
· 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.




Number of Rx branches early indication
· FFS: Network configurability of early indication of the number of Rx branches via SIB1, if supported 
It remained open whether indication of Rx branches is required before MSG3. On one hand, this would provide more flexibility at the gNB side, on the other hand, it creates more complexity and segmentation of available resources. A gNB may want to identify RedCap UEs by separate ROs and differentiation of Rx antennas would require two separate sets of ROs. Furthermore, if different MSG3 repetition factor would be used for different UEs (as discussed in UL coverage enhancements), four sets of ROs would be already needed. Therefore, we think that if special ROs are introduced for RedCap UEs they may be used to identify need for MSG3/A repetitions rather than indicate number of Rx antennas/branches.
Proposal-1: If special ROs are introduced for RedCap UEs, they are used to identify need for MSG3/A repetitions rather than to indicate the number of Rx antennas/branches by the UE. 
On need for solutions to reduced PDCCH blocking
The FL captured supports for techniques addressing PDCCH blocking:
	
	Description
	Companies 
	Num. of Companies
	Moderator comments

	Alt.1
	Reuse the existing DCI format, including Rel-16 DCI format 0_2/1_2 
	NordicSemi, Sierra Wireless, NEC, Qualcomm, Nokia, CMCC, Vivo, OPPO, Xiaomi, Sharp, CATT, Intel, Ericsson, Lenovo, Motorola Mobility, LG, Panasonic, Futurewei
	18
	Existing spec? 
Redcap UEs can indicate support of DCI 0_2/1_2 already

	Alt.2
	Introducing new Compact DCI(s)  
	CMCC
	1
	

	Alt.3
	Introducing a group-wise DCI that can be used to schedule multiple Ues.
	CMCC
	1
	

	Alt.5
	Multi-TB scheduling 
	NordicSemi, CMCC, Xiaomi, Intel, Lenovo, Motorola Mobility, 
	6
	Being discussed in >52.6GHz WIs. 
Multi-PUSCH scheduling was already introduced for Rel-16 NRU. 


	Alt.6
	Configuring separate CORESETs or Initial DL BWP for Redcap UEs
	NordicSemi, CMCC, Sharp, ZTE, Intel, Lenovo, Motorola Mobility, Spreadtrum, LG 
	9
	Ongoing discussing in ‘Reduced BW’ agenda 8.6.1.1 for Redcap. 

	Alt.8
	SPS-based and CG-based transmission in RRC connected state
	Qualcomm, Xiaomi, Ericsson, Lenovo, Motorola Mobility
	5
	Is it existing specification? 



In RAN1#104bis companies expressed support for various techniques to alleviate PDCCH blocking and it has been agreed (based on majority support) that reusing existing formats DCI formats 0_2 and 1_2 may help to reduce DCI format size and such reduce blocking. However, NR PDCCH performance for different PDCCH sizes can be see e.g. in [1], reducing DCI format size from 108 to 60bits for AL8 has less than 2dB gain. Contrary, RedCap UEs potentially small-form and only with single Rx/Tx antenna will need higher AL to cope with diversity gain loses of 3 or more dB as shown in [2]. 
Observation-1: Reducing DCI format size may not compensate for RedCap reduced performance due to small-factor design and/or reduced number of Rx antennas. 
Furthermore, companies analyzed PDCCH blocking and observed that within up to 5 co-scheduled UEs there is minimum impact to PDCCH blocking. However, those simulations have not taken into account the fact that in 20MHz BW overlapping with SSB/CORESET#0, gNB operates also initial access plus broadcast in addition to unicast traffic and often with high AL. This clearly increasing PDCCH blocking.
Observation-2: PDCCH blocking results, contributed in RAN1#104b, do not take into account initial access and broadcast scheduling in 20MHz BW overlapping with SSB/CORESET#0, where baseline RedCap UEs are to be operated based on current agreements. 
Therefore, offloading of RedCap UEs for initial access and also afterwards should be addressed in scenarios where gNB operates large carrier with large number of UEs, such as 3.5GHz spectrum. Providing CORESET#0/CommonCORESET replication within that gNB carrier would be clearly beneficial. Additionally, such CORESET#0/CommonCORESET replicated in frequency domain would then define implicitly an initial DL BWP for RedCap UEs.
Proposal-2: For at least RedCap UEs, support repetition of CORESET#0/CommonCORESET in frequency domain within wide configured gNB carrier.
Conclusions 
In this contribution we discussed aspects related to number of Rx branches and PDCCH blocking, and we have the following proposals and observations:
Proposal-1: If special ROs are introduced for RedCap UEs, they are used to identify need for MSG3/A repetitions rather than to indicate the number of Rx antennas/branches by the UE. 
Observation-1: Reducing DCI format size may not compensate for RedCap reduced performance due to small-factor design and/or reduced number of Rx antennas. 
Observation-2: PDCCH blocking results, contributed in RAN1#104b, do not take into account initial access and broadcast scheduling in 20MHz BW overlapping with SSB/CORESET#0, where baseline RedCap UEs are to be operated based on current agreements. 
Proposal-2: For at least RedCap UEs, support repetition of CORESET#0/CommonCORESET in frequency domain within wide configured gNB carrier.
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