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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1 #102-e meeting, RAN1 discussed the aspects related to the framework and principles for RedCap and made the following agreements [1]:
	Agreements:
· Studying how to constrain RedCap devices to be used only for the intended use cases is deprioritized in RAN1 
Agreements:
Discussion on whether to study CA case is deprioritized for reduced capability UEs in Rel. 17 SI and it will not start until maximum UE channel bandwidth is clear.


The issues regarding how to define UE type for RedCap, number of UE types and etc. were also discussed. However, no consensus were achieved. In this contribution, we will further provide our views on the characteristics of the RedCap (reduced capability) UEs, which can shape the type definition. Additionally, the methods to limit the UE types (e.g. one) for all the intended use cases are discussed. Furthermore, whether or not to separate common information/resource for RedCap UEs from that for legacy UEs are also analyzed to ensure the coexistence with Rel-15 and Rel-16 UEs.
[bookmark: _Ref30407925]Motivation and principle for UEs with reduced capabilities
[bookmark: OLE_LINK31][bookmark: OLE_LINK34]Necessity to define UE type for RedCap
In RAN2 #111-e meeting, one agreement regarding the principles for how to define and constraint reduced capabilities was achieved as follows [2]:
	Agreements:
At least for device type identification and access restriction (including initial access), the network needs to know whether the UE is RedCap UE or not. FFS on whether based on explicit or implicit signalling.


Apparently UE type definition can be useful to distinguish RedCap UEs from legacy UEs, which help network perform early access control. Defining UE type for device type identification and access restriction is beneficial in terms of signalling overhead and the readability of the set of capability parameters specific to a RedCap device type. Therefore, it is necessary to define an explicit UE type for RedCap. 
Proposal 1: It is necessary to define an explicit UE type for RedCap.
Principles to define UE type for RedCap
From chipset point of view, a large unsegmented market has the potential of further cost reduction by economies of scale, becoming the fundamental factor of business success for the whole RedCap industry including also operators and network vendors. It would not be promising that a chipset is built only intending a very specific use case, thus a small market can be foreseen in the near future. In general, there is also no motivation to associate any specific use case to UE type definition, which is not future-proof in case other, not-yet-identified use cases can be covered by Rel-17 RedCap UEs. 
From network point of view, there is no essential demand to differentiate RedCap UE types for specific use cases. On the contrary, such differentiation can cause diverse UE basic capabilities for initial access, resulting in complicate and diverse branches of initial access procedure implemented by networks or limited network accessibility dedicated to single specific UE type. It can also increase the network development cost and operation cost because diverse UE types require diverse optimization paths and diverse coverage recovery requirements for REDCAP UEs. Therefore, single UE type also serves the best interest from network point of view.  
In summary, the RedCap UE type discussion should be decoupled from use cases.
Proposal 2: Define one RedCap UE type covering all use cases.
How to define UE type for RedCap
In the SID on supporting the reduced capability NR devices, one of the objective is as follows [3]:
· Study standardization framework and principles for how to define and constrain such reduced capabilities – considering definition of a limited set of one or more device types and considering how to ensure those device types are only used for the intended use cases [RAN2, RAN1].
As discussed in RAN2#111-e meeting, it was agreed to discuss the exact composition of the set of L1 capabilities of the UE type for RedCap in RAN1. That is: 
	Agreements:
The number of device types should be minimised, to reduce market fragmentation, and introduced only where essential to control UE accesses and differentiate them from legacy R15/R16 and non-Redcap R17 UEs, (e.g. number of Tx/Rx antennas, maximum supportable BW, etc.). The exact composition of the set of L1 capabilities of the device type can be discussed by RAN1



Therefore RAN2 needs the input from RAN1 on UE type for RedCap to make progress and complete the SID objective. 
[bookmark: OLE_LINK37][bookmark: OLE_LINK38]From our view, the UE type for RedCap is defined by a minimum (mandatory) capability set, on top of which additional optional UE features can be reported with existing capability framework. We think the factors defining one UE type can be categorized into two categories, including 
· Impact on initial access: e.g. maximum UE channel bandwidth
· No impact on initial access: e.g. maximum DL&UL MCS

[bookmark: OLE_LINK39][bookmark: OLE_LINK40]The maximum UE channel bandwidth supported by RedCap UE may affect the UL initial access as analyzed in our companion contribution [4]. As specified in the SID, there is an explicit requirement for peak data rate achieved by RedCap UE, e.g. up to 150 Mbps for downlink and up to 50 Mbps for uplink for Wearables. From this aspect, the maximum DL&UL MCS should also be associated with RedCap UE. One example for the definition of RedCap UE is summarized in Table1. This type featured by the basic capabilities can be easily reported during the initial access, e.g. during Msg.1/Msg.A transmission as discussed in our companion contribution [5]. Optional RedCap UE features such as some URLLC related features could be assumed to be reported after initial access, in order to meet the reliability or latency requirement for some use cases, e.g. safety related sensors.  
Table 1: Rel-17 RedCap UE properties, FR1
	Features
	BW
/MHz
	Modulation
	FDD Duplex mode

	RedCap UE
	20
	Up to 64 QAM
	Full



It should be noted that Table 1 only lists the RedCap features for FR1. For FR2, the basic feature should be reconsidered to fulfill the FR2 requirement. The feature and parameter list of RedCap in FR2 may need further study. 
Proposal 3: For FR1, define one type of RedCap UEs with a minimized set of basic capabilities as shown in Table 1.
Common information/resource for RedCap UE in coexistence scenario
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]After RedCap UEs have entered the network, further network control is needed considering the impact of RedCap UE and normal UE co-existence. As one aspect, it should be further considered whether cell-specific/common information or resource can be shared or separated. In general, the cell-specific/common information and resource include at least:
· SSB
· SIB1
· RACH resource
· Paging resource
· SSB
As discussed above, 20MHz is a basic feature for RedCap UE in FR1. Therefore, RedCap UE can reuse the SSB deployed for normal UEs to access to the network. Additionally reusing SSB can benefit the network overhead. In some specific use cases such as industrial wireless sensors, whether to configure a RedCap specific SSB (i.e. a SSB containing a RedCap specific MIB) could be further studied. However, the general SSB procedure shall not be changed in order to minimize the specification impact.
· SIB1
Since SIB1 contains the minimum system information for UEs to complete the initial access, whether it can be shared mainly depends on how much similarity there is between the initial access procedures of RedCap UEs and normal UEs. At the early stage of RedCap development, specific design to RedCap UEs may not be necessary considering the tradeoff between the economies of scale and the network overhead. Therefore, most of the cell common information contained in SIB1 can be expected to be shared between RedCap UEs and normal UEs. One concern about sharing SIB1 may be the coverage loss on the normal UE due to adding some RedCap-specific information (e.g. RACH configuration, SI scheduling information) into the current SIB1 and the reduced RedCap UE RX number (e.g. 4RX -> 2RX), while taking into account of the maximum RBs scheduled for SIB1 is 48 (SCS = 30KHz) and the maximum modulation is QPSK. However this can be avoided due to SIB1 transmission with repetition. 
On the other side, when the economies of scale of RedCap is enlarged, a new SIB1 containing RedCap-specific information may be investigated. The RedCap-specific SIB1 can be tailored to meet the requirement for RedCap UE, considering the low complexity and capability for RedCap UE. For example, some configurations carried in SIB1 may be simplified, such as ServingCellConfigCommonSIB, SI-SchedulingInfo, and etc. That is, a ‘light’ SIB1 could be designed to avoid RedCap acquire the system information specific to normal UE. 
According to the above analysis, whether or not the SIB1 PDSCH can be shared between RedCap UE and normal UE may be decided by the network to provide flexible implementation. 
[bookmark: OLE_LINK86]Proposal 4: Whether or not the SIB1 can be shared between RedCap UE and normal UE can be decided by the network.
· UL initial BWP/RACH resources
Currently the bandwidth of the uplink initial BWP for normal UE can be configured by SIB1 flexibly and the maximum bandwidth can be 100MHz in FR1. A larger initial UL BWP can benefit from scheduling flexibility, Msg3 frequency hopping as well as transmission capacity for legacy UE. However if sharing UL initial BWP between RedCap UE and normal UE, the bandwidth of UL initial BWP needs to be restricted within a bandwidth no larger than RedCap channel bandwidth (i.e. 20MHz). Therefore from the aspect of no impact on normal UE performance, a dedicated UL initial BWP specific to RedCap UE is preferable. However whether to share the UL initial BWP or not can be decided by network. For example, if the bandwidth of UL initial BWP for normal UE which is no larger than 20MHz can meet the transmission requirement of normal UE, such as the transmission capacity and transmission efficiency, the network can configure a common UL initial BWP for both RedCap UE and normal UE. Otherwise, a RedCap-specific UL initial BWP can be configured.
[bookmark: OLE_LINK87]Additionally separated RACH resources can be applied to differentiate the RedCap UE and the normal UE. Therefore, the gNB can distinguish the RedCap UE and normal UE in the early access stage rather than after the phase of UE capability reporting, which can be beneficial for the load balance and the scheduling, as well as the compatibility to gNBs which are not able to recognize the UE capability signaling specific to Rel-17 RedCap UEs and may inappropriately configure the RedCap UEs. Therefore the access performance of normal UE can be ensured. On the contrary, if the introduction of RedCap UE would not impact the performance of normal UE, such as at the early stage of RedCap development wherein the amount of RedCap UE may be expected to be small, sharing RACH resources may also be considered. 
Proposal 5: Support dedicated UL initial BWP/RACH resources for RedCap UE
· whether to share UL initial BWP/RACH resources between RedCap UE and normal UE can be configured by the network.
· Paging resource
If the paging resources are shared between RedCap UE and normal UE, the impact on the false alarm probability as well as the paging capacity should be studied. On the other side, a RedCap-specific paging resources would increase the network overhead. Therefore, whether to share paging resources between RedCap UE and normal UE can be decided by the network taking into account of the above aspects. 
Proposal 6: Whether to share paging resources between RedCap UE and normal UE can be configured by the network taking into account the false alarm probability, the paging capacity, and the resource overhead.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In this contribution, defining and constraining reduced capabilities are discussed. As a result, the following proposals are provided:
Proposal 1: It is necessary to define an explicit UE type for RedCap.
Proposal 2: Define one RedCap UE type covering all use cases。
Proposal 3: For FR1, define one type of RedCap UEs with a minimized set of basic capabilities as shown in Table 1.
Proposal 4: Whether or not the SIB1 can be shared between RedCap UE and normal UE can be decided by the network.
Proposal 5: Support dedicated UL initial BWP/RACH resources for RedCap UE
· whether to share UL initial BWP/RACH resources between RedCap UE and normal UE can be configured by the network.
Proposal 6: Whether to share paging resources between RedCap UE and normal UE can be configured by the network taking into account the false alarm probability, the paging capacity, and the resource overhead.
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