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[bookmark: _Ref492503575]Introduction
The following reduced capabilities are objectives of the WI RP-202931 (December 11th, 2020):
· Reduced bandwidth in FR1 is 20MHz in initial access and 100MHz in FR2 
· Reduced Rx Antennas (e.g.  from 2 down to 1 or from 4 down to 2 or 4 down to 1) 
· Half duplex FDD (e.g. from full duplex FDD) 
· Reduced mandatory max DL modulation constellation order to 64QAM (down from 256QAM).
· Maximum number of DL MIMO layers will match the number of antennas, 1 or 2.
· 40MHz may be allowed in FR1 after initial access.
In 5G NR release 16, UE capabilities are sent in msg5 during the initial access process. If a network allows RedCap devices, any reduced capabilities not reported until message 5 will require the network to treat all UEs as if they have these reduced capabilities. This may be an option for some deployments but may result in longer connect times for all UEs, increased battery usage, and loss of spectral efficiency.
Optionally, earlier indication of reduced capabilities can be done in Msg1 (PRACH) and/or Msg3 and/or Msg5 but Msg1 and Msg 3 indication has the following disadvantages:
Msg 1 identification: 
This will require separate PRACH space (i.e., PRACH partitioning) for RedCap UEs which wastes resources (i.e., loss of spectral efficiency due to loss of trunking gains), more broadcast signaling and complicated setup. 
Msg 3 identification:  
A 1 Rx Antenna RedCap UE will have coverage issues with receiving the Grant for Msg2 and Msg2 (DL). So, the gNB will have to increase the coverage (i.e. use a lower MCS) for all UEs for Msg2 which results in longer connect times and loss of spectral efficiency. Msg2 and Msg3 would also have to be scheduled within 20 MHz or be scheduled using cross slot scheduling which allows RedCap UEs to retune to another 20MHz band. However, given the small size of these messages, this should not create significant scheduling restrictions (i.e. blocking or capacity).   Note: The grants for Msg2 and 3 are in CORSET 0 which is already always smaller than 20MHz so this is not an issue. It will be better for the network to know that a UE is limited to 20MHz no later than message 3. This way other UEs can be allowed to use more resources in messages 4 and 5. Otherwise there may be capacity blocking issues.
Note: HD-FDD should not affect initial access but networks may still want to block access to those types of device which do not support FD-FDD.

More details of the trade-offs in selecting capability indication in messages 1, 3 and 5 are detailed in 3GPP TR38.875 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Study on support of reduced capability NR devices (Release 17)
Restricting Certain RedCap UEs:
Due to spectral efficiency loss (which increases cost per bit) and coverage loss, MNOs may not permit certain Redcap UEs on their networks or on certain bands on their network. In legacy networks, this rejection is done after Msg5 but a solution to reduce or avoid any signalling generated by these restricted RedCap UEs would be desirable.  Additionally, the solution should not require legacy networks to require new functionality.
Observation 1: There are efficiency benefits to requiring RedCap UEs to report their capability information before msg 5.
Observation 2: Barring of RedCap UEs should be done before initial access. 
Proposal 1: RedCap UEs should be able to report capabilities before message 5.
Proposal 2: Barring of RedCap UEs should be done before initial access.

[bookmark: _Toc21359852][bookmark: _Toc21360409][bookmark: _Toc21425154]Discussion 
Since no single initial access procedure will fit all MNO needs, flexibility of allowing a variety of options for what a network will require RedCap devices to do for initial access is needed. Network operators can then decide which trade-offs are acceptable to them. 
The first step in a RedCap device accessing a network should be for a UE to determine access/barring status, where a UE determines access/barring based on its supported RedCap capabilities.
After determining that access is permitted, the UE next determines the configured early capability indication policy options from: Msg 1, 3, or 5 where the UE determines the policy at least based on its supported BW, #ant, modulation, and/or duplexing modes.
Proposal 3: There should be configurable options for how a RedCap UE is required to report its capability in msg1, 3 and 5.
Initial access procedure: 
1. Barring
After a UE has synchronized to a band on a network (e.g. UE has successfully decoded SSBs-synchronization signal blocks and decoded minimum system information) it will check for barring. To avoid unnecessary random accesses, a RedCap UE should do this before attempting access.
First, the UE could check for permission or barring status from broadcasted system information blocks. Permission or barring can be based on one or more of the following six RedCap capabilities: 
· 20MHz bandwidth (any RedCap) 
· 1 Receive antenna
· 2 Receive antennas
· HD-FDD (not capable of FD-FDD)
· Modulation – Max. capability DL QAM 64
· 20MHz bandwidth limit after initial access (not 40MHz)
In addition, subscription-based permission or barring could include one of the following three:
· Home (HPLMN)
· Preferred (EHPLMN)
· Roaming
Given that a network might have different RedCap barring for each subscription category that means there are at most 18 (6 capabilities x 3 subscription types) combinations to indicate. This could be a bit mask of 18 bits. An example of 18 capability bits having the most flexibility is as follows.
Three, 6-bit fields:
· 1 bit - 20MHz UEs with any subscription type allowed 
·  5-bit barring capability field 
· 1 bit - 20MHz UEs with Home subscription allowed
· 5-bit barring capability field
· 1 bit - 20MHz UEs with Preferred Roaming subscription allowed
· a 5-bit barring capability field
Barring Capability field: 
· 1 bit – 1 Rx barred 
· 1 bit – 2 Rx barred
· 1 bit - HD-FDD (not capable of FD-FDD) barred
· 1 bit - Modulation – Max. capability DL QAM 64 barred
· 1 bit - 20MHz bandwidth limit after initial acquisition barred
· 
Since some combinations may not be needed, optional bit fields could be used to indicate using fewer than 18 bits but with a need for individual bits to signal the presence of the optional fields. Making the fields optional will take more bits to specify which fields are sent. Most MNOs will probably not need this full flexibility which means that the resulting number of bits could be less.  
For example: Three, 6-bit fields:
•	1 bit - 20MHz UEs with any subscription type allowed 
o	 5-bit barring capability field (optional 1)
•	1 bit - 20MHz UEs with Home subscription allowed (optional 2)
o	5-bit barring capability field (optional 3)
•	1 bit - 20MHz UEs with Preferred Roaming subscription allowed (optional 4 )
o	a 5-bit barring capability field (optional 5)
Barring Capability field: 
•	1 bit – 1 Rx barred 
•	1 bit – 2 Rx barred
•	1 bit - HD-FDD (not capable of FD-FDD) barred
•	1 bit - Modulation – Max. capability DL QAM 64 barred
•	1 bit - 20MHz bandwidth limit after initial acquisition barred*


For example; if all Roaming RedCap UEs are not barred it is probable that HPLMN and EHPLMN UEs are also not barred. In this case separate capability indications for HPLMN and EHPLMN UEs may not be required.
Some capabilities have a higher priority for barring and others may be permitted in all cases.
For example; the Barring Capability Field could be reduced to just the following 3 bits:
· 1 bit – 1 Rx barred 
· 1 bit – 2 Rx barred
· 1 bit - HD-FDD (not capable of FD-FDD) barred
Observation 3: Signalling comprehensive options for barring RedCap UEs based on capabilities may require up to 18 bits.
Proposal 3: A flexible set of extension IEs for SI should be used for signalling of RedCap barring.

2. Early indication of configuration in msg1 and msg3:
If the UE is not barred, it next needs to determine from broadcasted system information which RedCap UE capability indication method needs to be used. There needs to be information broadcasted in SI to indicate to UEs what capability information they need to signal and in which message (1, 3 or 5) and what resources or bits to use to signal capability.
msg1 or msg 3 may be used to indicate the following UE capabilities:
· 20MHz
· 1 Rx Antenna
· 2 Rx Antennas
· 64 QAM DL
· HD-FDD only
msg 5 must be used to indicate any of the above capabilities if they have not been indicated in msg 1 or 3. msg5 should also have an indication for the “40MHz limit after initial access” which does not need to be indicated before msg 5.
The capabilities to be reported in messages 1, 3 and 5 could be indicated in a broadcast bit mask. When a UE matches its capability to any of the broadcasted capability indications for each message. The UE will further need to read broadcasted information to inform it how to indicate its capabilities in that message. For example, a PRACH partition in msg 1 or signalling by bits in messages 3 or 5. If a UE does not match its capabilities to broadcasted information on indications for msg 1 or 3 then it would indicate its capabilities in msg 5.
msg: 1
For maximum flexibility of capability indications in msg 1 it is necessary to indicate the number of receive antennas (1, 2 or 4).  A UE can have only one of these attributes so there are 3 possibilities. Both 64QAM and HD-FDD individually or jointly can apply to each number of receive antennas so that is four more combinations. Together this gives a total of 3*4=12 possibilities which can be signaled in a 12-bit bitmask:
· 1 RX, NOT 64QAM, NOT HD        	0 or 1
· 1 RX, 64QAM, NOT HD		0 or 1
· 1 RX, 64QAM, HD			0 or 1
· 1RX, NOT 64QAM, HD		0 or 1
· 2 RX, NOT 64QAM, NOT HD		0 or 1
· 2 RX, 64QAM, NOT HD		0 or 1
· 2 RX, 64QAM, HD			0 or 1
· 2 RX, NOT 64QAM, HD		0 or 1
· 4 RX, NOT 64QAM, NOT HD		0 or 1
· 4 RX, 64QAM, NOT HD		0 or 1
· 4 RX, 64QAM, HD			0 or 1
· 4 RX, NOT 64QAM, HD		0 or 1
If a UE matches any of the indicated combinations of capabilities, it must indicate the capabilities in Msg 1. The UE must use a defined Redcap PRACH partition. Since it is unlikely that 12 partitions would be provided, more than one combination of capabilities could share a PRACH partition. Any RedCap UEs with capabilities that are not indicated in msg 1 would need to use the legacy PRACH resources. In this case the network would need to accommodate these UEs even if allowing this imposes restrictions on the handling of all other UEs.
Example for msg 1
Message1RedCapConfiguration =  {
Msg1CombinationFields 	 (SIZE (0..12))  of Msg1CombinationField	Optional
}
Msg1CombinationField =  {
AntennaConfiguration	 (4Rx, 2Rx, 1Rx)  	(2 bits)
64QAMCapability		 (false,true)	(1 bit)
HD-FDDCapability		 (false,true)	(1 bit)
}

Reduced scope of indications for msg 1:
Some capabilities have a higher priority to be indicated in msg 1. These include 1Rx and 2 Rx antennas and the overall 20MHz limit that applies to all RedCap UEs. A smaller capabilities bit mask and a smaller number of PRACH partitions could be used to inform a UE to indicate only one or more from this reduced set of capabilities.
Also, in cases where some combinations of capabilities might be barred for all UEs, not all of the 12 combinations would always be required. 
For example: there is no strong need to indicate in msg 1 these capabilities:
4Rx, 64QAM and HD-FDD. There is a stronger need to indicate in msg 1 the following capabilities; reduced antenna (1Rx and 2 Rx) and reduced bandwidth (4 Rx). This can be signalled with a 3-bit bitmask:
	1 Rx 20 MHz        	0 or 1
	2 Rx 20 MHz        	0 or 1
	4 Rx 20 MHz        	0 or 1

Proposal 4: Flexible msg1 RedCap capability configuration reporting should be supported.	

msg 3:
In case no capabilities are indicated in the SI for capability reporting in msg 1, all of the same 12 combinations of capabilities noted above for msg 1 could need to be indicated in SI for reporting in msg 3. 
Since capability reporting in message 3 would use bits rather than the PRACH partitions of message 1, a maximum of 4 bits could be used to indicate the capabilities. System information could designate two bits to indicate 1, 2 or 4 antennas and another two bits each for HD-FDD and 64QAM. Since msg 3 only has one spare bit, using 4 bits would require extension of msg3.
If only the one spare bit in msg3 can be assigned for capability reporting and if full configuration reporting flexibility is to be provided then, as with msg1, this would require 12 combinations which requires 12 bits to signal. Any UE with capability combinations that match the checked bits in the 12bit mask would then set the spare bit to indicate their capability. This amount of flexibility is unlikely needed.
If fewer than four bits but more than one bit could be configured for use in an extended message 3 then a bit map of capabilities could point to which bits to use. This reduced number of capability indications would be useful in case some capabilities are indicated in message 1.
It is possible only one capability would need to be reported in msg 3 and that could be indicated to be reported with the one spare bit.
Assuming there is no indication in msg1, then in most cases, the message 3 indication configuration will be required when the UE has reduced bandwidth (20MHz FR1 or 100MHz FR2) 
For example, the 1- bit structure could be:
Message3RedCapConfiguration :: =  SEQUENCE { 			Optional
ReducedBW 		ENUMERATED(false,true)
}
Another example, the 2- bit structure with more flexibility could be:
Message3RedCapConfiguration :: =  SEQUENCE { 			Optional
ReducedCap		ENUMERATED(ReduceBW, 1RX, 2RX)
}
If the Message3RedCapConfiguration is not broadcast, there would be no msg3 capability indications.

Msg. 5 
All capabilities may be indicated in message 5 as an extension of legacy signalling.
Proposal 5: Flexible msg3 RedCap capability configuration reporting should be supported	


Summary
Observation 1: There are efficiency benefits to requiring RedCap UEs to report their capability information before msg 5.
Observation 2: Barring of RedCap UEs should be done before initial access. 
Proposal 1: RedCap UEs should be able to report capabilities before message 5.
Proposal 2: Barring of RedCap UEs should be done before initial access.
Observation 3: Signalling comprehensive options for barring RedCap UEs based on capabilities may require up to 18 bits.
Proposal 3: A flexible set of extension IEs for SI should be used for signalling of RedCap barring.
Proposal 4: Flexible msg1 RedCap capability configuration reporting should be supported.	
Proposal 5: Flexible msg3 RedCap capability configuration reporting should be supported.	


