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1. [bookmark: _Toc120549591]Introduction
According to the WID[1], the following higher layer enhancement is related to RAN1, 
· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 
In RAN1#103e, the following agreements related to RedCap UE type definition and early identification are made,
Agreements:
· At least for RedCap UE identification, explicit definition of RedCap UE type(s) is needed. Ppending conclusions on the reduced complexity features in AI8.6.1 and RedCap UE identification in AI8.6.5, the definition of the RedCap UE types can be based on one of: 
· Option 1: All the reduced capabilities recommended at the end of the RedCap study
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any
· Option 3: All the recommended reduced capabilities as well as recommended power saving features
· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support
· FFS for other usages
Agreements:
· If early identification during initial access is supported, at least maximum supported UE BW during initial access is included in the set of L1 capabilities of the device type for RedCap early identification 
· Note: 20 MHz for FR1 and 100 MHz for FR2
· FFS other L1 capabilities
Note: This does not preclude the case where the early indication only indicates whether it is a Redcap UE or which type of the Redcap UEs if multiple UE types are defined


In this contribution, higher layer aspects such as RedCap UE type definition, UE early identification and access control of RedCap devices are discussed.
2. Discussion on definition of RedCap UE type
During the SI, several reduced capabilities are discussed, including,
· Reduced number of UE Rx/Tx antennas: supported for RedCap, 1Rx or 2Rx;
· Reduced UE bandwidth: supported for RedCap, the maximum UE bandwidth is 20 MHz for FR1 and 100 MHz for FR2
· Half-duplex FDD: supported for RedCap;
· Relaxed maximum number of MIMO layers: the number of MIMO layers is naturally supported for RedCap UEs with reduced number of Tx/Rx.
· Relaxed maximum modulation order: support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· Relaxed UE processing time: not supported.
Among above supported RedCap UE capabilities, the first two will bring some coexistence influence for RedCap UEs, and some specific gNB implement handling or specs enhancements is needed, such as early identification. In other words, the network may need to know them during initial access, therefore, the first two reduced capabilities need to be included in the definition of the RedCap UE types. While for the third one, both full-duplex and half-duplex FDD are supported for RedCap devices, and according to the TR, section 7.4.4, no coexistence issue is justified for Type A due to its faster UL-to-DL switching capability. Therefore, it doesn’t need to be included in RedCap UE type definition. For the fourth one, MIMO layer is related to the number of UE Rx/Tx antennas, once the reduced number of UE Rx/Tx antenna is included in the UE type definition, there is no need to include the number of MIMO layers. And the last one, relaxed maximum modulation order will not affect the initial access procedure.
According to the agreements, at least maximum supported UE BW during initial access is included in the set of L1 capabilities of the device type, and others are FFS. The definition of the RedCap UE types can be based on one of the following options: 
· Option 1: All the reduced capabilities recommended at the end of the RedCap study
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any
· Option 3: All the recommended reduced capabilities as well as recommended power saving features
· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support
Based on above analysis, option 2 is preferred. And besides the maximum supported UE BW, reduced number of UE Rx/Tx antennas is also proposed to be included in the RedCap UE type definition.
Proposal 1: The definition of the RedCap UE types is based on option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
Proposal 2: Reduced number of UE Rx/Tx antennas is included in the RedCap UE type definition.
3. Discussion on early indication of RedCap UE
According to TR, the Pros and Cons of early identification by Msg1 and Msg3 is analyzed, and we copy them here deleting those not supported by the WID objectives.
Table 11.1.1-1: Pros and cons for identification of RedCap UE type(s) during transmission of Msg1
	Pros
	Cons

	Enables efficient handling of different UE minimum processing times between RedCap and non-RedCap UEs for: minimum timing between PDSCH carrying RAR and start of Msg3 PUSCH; minimum timing between PDSCH carrying Msg4 and the corresponding HARQ-ACK feedback; minimum timing between PDCCH with the retransmission grant and the corresponding Msg3 PUSCH retransmission, if relaxed UE min processing times are introduced for RedCap UEs.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
	Potential reduction in PRACH user capacity (for the options based on separation of PRACH preambles), impacting both RedCap and non-RedCap UEs respectively, e.g., if the total PRACH resources in the cell is not increased. The exact impact depends on numbers of device type(s)/sub-types/capabilities to be identified and exact details of PRACH preamble partitioning schemes.

	Enables coverage recovery, including link adaptation, for any one or more of: broadcast PDCCH, PDSCH associated with Msg2, PDSCH associated with Msg4, and PUSCH associated with Msg3, if coverage recovery is needed for these channels.
	Potential increase in UL OH from PRACH (for the options based on separation of PRACH resources), impacting both RedCap and non-RedCap UEs.

	The option of configuring separate initial UL BWPs, in addition to the above pros, enables address congestion (if congestion may occur) in the initial UL BWP that may otherwise need to be restricted to the mandatory required BW for RedCap UEs in the band/FR.
	Potential increase in UL OH and complexity in configuration and maintenance of multiple initial UL BWP for the gNB, for the option of configuring separate initial UL BWPs.

	Enables RRC connection rejection of RedCap UE for access restriction (for UEs coming	from RRC_IDLE and RRC_INACTIVE if the UE context is not found).
	The indication mechanisms in this category may be limiting in terms of the number of further sub-types/capabilities within RedCap device type that may be distinguished, if such sub-types/capability indication are introduced.

	Makes it possible to differentiate or enable prioritization of non-RedCap UEs vs. RedCap UEs during contention resolution if RedCap UE type is visible to MAC layer.
	Higher impact to RAN1 and RAN2 specifications as well as increased SIB signalling OH compared to other options.

	Enables the RedCap UE to operate in an initial BWP which is wider than the RedCap UE bandwidth, as the gNB can take into account UE RF-retuning time while transmitting RAR
	

	Enables handling of different processing delay requirements (if such are agreed and specified) for RRC procedures between RedCap and non-RedCap i.e. RRC Setup -> RRC Setup Complete and RRC Resume and RRC Resume Complete delays.
	



Table 11.1.1-2: Pros and cons for identification of RedCap UE type(s) during transmission of Msg3
	Pros
	Cons

	Enables coverage recovery (if needed) and/or appropriate link adaptation for PDSCH (and associated PDCCH and PUCCH) for Msg4, and scheduling of Msg5.
	If only the spare bit in Msg3 is used, it would consume the single spare bit currently available in Msg3 payload, and this may not be desirable.

	Limited impact to RAN1 specifications if only the spare bit in Msg3 payload is utilized.
	If extended Msg3 size is introduced, mechanisms to enable detection between use of legacy Msg3 and extended Msg3 definitions necessary.

	The option of extending Msg3 size may offer good scalability in the number of bits for such UE identification; e.g., if sub-types of RedCap device types (if defined) are to be indicated in Msg3.
	The option of only using the spare bit in Msg3 scales poorly – limiting to a single-bit indication may not be sufficient if intending to distinguish between further sub-types/capabilities within RedCap device type, if RedCap UE sub-types/capabilities are defined in the context of RedCap UE identification.

	Enables RRC connection rejection of RedCap UE for access restriction (for UEs coming	from RRC_IDLE and RRC_INACTIVE if the UE context is not found).
	Cannot facilitate additional coverage recovery (including separate link adaptation) for broadcast PDCCH and/or Msg2 PDSCH, and/or Msg3 PUSCH (and associated PDCCH) for RedCap UEs.

	Makes it possible to differentiate or enable prioritization of non-RedCap UEs vs. RedCap UEs during contention resolution if RedCap UE type is visible to MAC layer.
	If UE minimum processing times are relaxed, cannot facilitate scheduling with separate minimum timing relationships for RedCap UEs (compared to non-RedCap UEs) between PDSCH carrying RAR and start of Msg3 PUSCH; minimum timing between PDCCH with the retransmission grant and the corresponding Msg3 PUSCH retransmission. This could result in increased initial access latency for non-RedCap UEs.

	Enables handling of different processing delay requirements (if such are agreed and specified) for RRC procedures between RedCap and non-RedCap i.e. RRC Setup -> RRC Setup Complete and RRC Resume and RRC Resume Complete delays.
	May degrade reliability/coverage of Msg3 in case of increased Msg3 payload size.

	 
	Cannot address the issue where Msg3 is scheduled with a bandwidth/hopping range larger than the maximum RedCap UE bandwidth in the UL initial BWP.


We think separate initial BWP alone is a complete solution and not limited to Msg1 identification. Compared the Pros and Cons of Msg1 and Msg3, Msg1 has advantages in the following aspects compared to Msg3,
· Link adaptation for broadcast PDCCH and/or Msg2 PDSCH, and/or Msg3 PUSCH (and associated PDCCH) for RedCap UEs
· Handling issues that bandwidth/hopping range of Msg3 and PUCCH for Msg.4 is larger than the maximum RedCap UE bandwidth in the UL initial BWP.
However, one disadvantage of Msg1 is potential reduction in PRACH user capacity, which may limit the practical application of the scheme, so we prefer to support early indication in Msg1 and Msg3, and gNB can configure which one is used. 
Proposal 3: Early indication in both Msg1 and Msg3 is supported, which one to use is up to gNB configuration.
For early indication of Msg1, both separate initial BWP and separate PRACH resource can be supported. Separate initial BWP has additional benefit such as addressing congestion, reduce PDCCH blocking, compared to separate PRACH resources between RedCap and non RedCap UEs. When the traffic load is light or the number of UEs is small, separate PRACH resource can be used. PRACH preamble partitioning is not preferred, since when the bandwidth of FDMed RO (e.g. 8 RO FDMed) in the same slot is larger than maximum BW of RedCap UEs, PRACH preamble partitioning cannot guarantee the ROs associated with different SSBs are with in 20MHz.
Proposal 4: For early indication in Msg1, both separate initial BWP and separate PRACH resource can be supported.
We think the message that indication of RedCap UEs and indication of number of Rx branches should be same, which means if early indication of RedCap UEs by Msg.1 is supported, then early indication of number of Rx branches, if introduced, can also supported by Msg.1, if early indication of RedCap UEs by Msg.3 is supported, then early indication of number of Rx branches, if introduced, can also be supported by Msg.3. Although only one RedCap UE type will be defined according to the WID, whether to support early indication of number of Rx branches is under discussion, if it is supported, for early indication in Msg3, one sparse bit in Msg3 is not enough. And what’s more, if the sparse bit in Msg3 is used, for R15/16 UEs, it may set different values for the sparse bit, misunderstanding may be caused. So use one sparse bit in Msg3 for early indication of RedCap UE may not a good scheme.
Observation: if sparse bit in Msg3 is used for early indication of RedCap UEs, misunderstanding may be caused.
Proposal 5: The message adopted to carry early indication of RedCap UEs and early indication of number of Rx branches should be same.
4. Discussion on access control of RedCap devices
In this section, we discuss how the network to control network access of RedCap devices and where to convey the control information. The UAC mechanism can be reused to realize access control, and here some additional schemes are discussed.
1 
2 
3 
4 
Access control schemes
There are three options that the network can make access control.
· Option1: The network broadcasts that all RedCap devices or specific RedCap devices are not allowed to access the cell/frequency.
· It can further indicate the conditions that RedCap UEs are allowed to camp on the cell
When the network has concerns for the poor coverage performance or large resource consumption for RedCap devices, it can adopt such option to reject access for such devices. 
Another use case is that when the traffic load is high in current cell, the network can perform access control for RedCap devices since they may consume more resources compared to eMBB/URLLC devices due to complexity reduction.
The network will have more flexibility to only serve RedCap UEs with good channel quality if it can indicate conditions that RedCap UEs are allowed to camp on the cell, for example, only RedCap UEs with RSRP higher than a threshold are allowed. 
· Option2: The network broadcasts the priority level of RedCap devices that to be served.
This option provides a soft access control for RedCap devices. For example, there are totally two types of UE, e.g. RedCap UE and non-RedCap UE. The gNB can broadcast that in current cell, non-RedCap UEs will be served with high priortiy, and RedCap UE is served with low priority. Then RedCap UE will know and accept that its requirement may not be satisfied well in this cell.
And this can be used together with separate initial BWP. For example, there are more than one initial BWPs in one cell, as shown in Figure.1, initial BWP0 and initial BWP1. When gNB broadcasts on BWP0 that its high priority UE type is  non-RedCap UE, it can additionally indicate RedCap UEs that another initial BWP1 provides high priority for such UEs, and indicate the detailed location of initial BWP1. Then RedCap UEs can switch to BWP1.

[image: ]
Figure.1 separate BWP with indication of high priority UE type
· Option3: The network broadcasts whether RedCap UEs with specific number of Rx branches can camp on the cell/frequency or not.
· It can further indicate the conditions that UEs with specific number of Rx branches are allowed to camp on the cell/frequency
This option provides a finer access control for different number of Rx branches.it can bar all the 1Rx RedCap devices due to their low efficiency while provide service for 2Rx UEs.
Based on its coverage status, the network can further broadcast the RSRP threshold values for different RedCap capabilities. For example, RedCap devices with 1Rx can access the network only when the RSRP values are high than Threshold 1, and RedCap devices with 2Rx can access the network only when the RSRP values are high than Threshold 2, where Threshold 1>Threshold 2.
Proposal 6: The following three options for network access control can be considered,
· Option1: The network broadcasts that all RedCap devices or specific RedCap devices are not allowed to access the cell/frequency.
· It can further indicate the conditions that RedCap UEs are allowed to camp on the cell/frequency
· Option2: The network broadcasts the priority level of RedCap devices that to be served.
· Option3: The network broadcasts whether RedCap UEs with specific number of Rx branches can camp on the cell/frequency or not.
· It can further indicate the conditions that UEs with specific number of Rx branches are allowed to camp on the cell/frequency
How to carry access control information
As shown in Figure.2, when a UE wants to access the network, it will first receive SSB, then monitor type0-PDCCH and get scheduling information of SIB1, then read SIB1 and obtain necessary information for UE to access the network, after that it can request access to network by PRACH procedure.
SSB
Type0-PDCCH
SIB1
PRACH procedure

Figure.2 Procedure to access the network
Therefore, access control of RedCap devices can be done at different stages in the above procedure.
• Access control by PBCH: There is one sparse bit in MIB. Moreover, for FR1, two bits in PBCH are reserved since the maximum of SSB index is 7. The sparse bit and reserved bits can be used for access control.
• Access control by type0-PDCCH: For DCI format 1_0 with CRC scrambled by SI-RNTI, 15 bits in DCI are reserved and these bits can be used for access control.
• Access control by SIB1: More information bits can be conveyed by SIB1, since it is transmitted by PDSCH. Therefore, the access control in SIB1 can be more flexibile than in PBCH and type0-PDCCH. 
• Access control by PRACH procedure: RedCap devices can be identified during the PRACH process, then gNB can perform access control accordingly, for example, it does not response to the PRACH request or inform such UEs that it is not allow to access explicitly.
With earlier access control, the RedCap terminal can avoid the subsequent access process and realize power saving.
Proposal 7: Early access control by PBCH, type0-PDCCH, SIB1, PRACH procedure can be further studied.
5. Conclusions
In this contribution, considerations on higher layer aspects such as RedCap UE type definition, UE early identification and access control of RedCap devices are discussed, and the following observation and proposals are made.
Observation: if sparse bit in Msg3 is used for early indication of RedCap UEs, misunderstanding may be caused.
Proposal 1: The definition of the RedCap UE types is based on option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
Proposal 2: Reduced number of UE Rx/Tx antennas is included in the RedCap UE type definition.
Proposal 3: Early indication in both Msg1 and Msg3 is supported, which one to use is up to gNB configuration.
Proposal 4: For early indication in Msg1, both separate initial BWP and separate PRACH resource can be supported.
Proposal 5: The message adopted to carry early indication of RedCap UEs and early indication of number of Rx branches should be same.
Proposal 6: The following three options for network access control can be considered,
· Option1: The network broadcasts that all RedCap devices or specific RedCap devices are not allowed to access the cell.
· It can further indicate the conditions that RedCap UEs are allowed to camp on the cell/frequency
· Option2: The network broadcasts the priority level of RedCap devices that to be served.
· Option3: The network broadcasts whether RedCap UEs with specific number of Rx branches can camp on the cell/frequency or not.
· It can further indicate the conditions that UEs with specific number of Rx branches are allowed to camp on the cell/frequency
Proposal 7: Early access control by PBCH, type0-PDCCH, SIB1, PRACH procedure can be further studied.
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