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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN #86, the new SID on supporting the reduced capability NR devices was approved [1] and revised in [2], wherein the following objectives in the SID were included:
· 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].
In this contribution, an overview on the characteristics of the RedCap (reduced capability) UEs is provided, 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, preliminary analyses on whether or not to separate common information/resource for RedCap UEs are also provided to help achieve the use case constraint.
[bookmark: _Ref30407925]Motivation and principle for UEs with reduced capabilities
As stated in SID, the feature and parameter list of RedCap UE should be studied to serve the three intended use cases [1]:
· Industrial wireless sensor 
· Video surveillance 
· Wearable 
The previous discussion for RedCap UE, particularly for the use case of wearables, raised one aspect that a potential use case may be overlooked by the current SID, i.e. the so-called low-end wearables. More specifically, the wearable use case with data rate comparable to LTE Cat-1bis was proposed to be added in RedCap SID. However, this seems to already assume that RedCap UE type definition is directly assoicated with the use case or one correponding data rate, then there was concern that it may not be able to be supported if not added.
In fact, it can be easily understood that any traffic scenarios with lower requirements are able to be supported by current advanced network (in general), depending on the real-time traffic pattern and network resource availability. It is also expected that either of the above use cases would require a UE capability much lower than eMBB and URLLC, in terms of data rate, MIMO layers etc, thus negative impact on the network performance of capability and spetrucm efficiency is expected. If the network decides to allow access from RedCap UEs, given its available resources to provide services with equal priority for different UEs with reduced capabilities, finer access control for different use cases can also be left to network configuration after acquiring more information about the UEs, e.g. via UE capability report during/after initial access. The network will also have better estimation for potential traffic/number of UEs for a certain use case, and make proper configuration accordingly. 
Observation 1: From network point of view, multiple UE types do not help the network constrain RedCap UEs with different use cases, or with different traffic for the same use case in real systems.
More important, 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 defintion, which is not future-proof in case other, not-yet-identified use cases can be covered by Rel-17 RedCap UEs. 
The RedCap device actually should be possbile to be used in as many use cases as possible once generated, based on network control, thus a minimum sets of capabilties based on the upper bound baseband requirements is most flexible for different device forms. Note, the capability defined by one set of requirements in baseband does not preclude the possbility of other implementations, e.g. a single layer/RF front-end can be configured to be used by network or lower bandwidth of 10 MHz is possible for some frequency bands. 
Observation 2: It is not desirable to define RedCap UE type for specific use cases from the perspective of chipset economy, and the business success of RedCap.
Once the RedCap UE type discussion can be decoupled with a specific use case, considering network control flexibility and chipset economies of scale, based on the limited chipset types, different device product forms may be generated by the industry in different areas, with adaptation to different use case(s)/services.
One may consider to define a single RedCap UE type based on the lowest UE capability, e.g. satisfying only the minimum data rate requirement and leave additional capabilities to be further reported. This will have the drawbacks that
· Network will always assume the worst case for the first step constrain (or not) of all RedCap UEs, which may lead to unnecessary cell-search and (re)selection procedure for many UEs thus more power consumption for devices; 
· Compared to a UE type defined based on upper bound requirements/capabilities, the adaptive capability for a UE with lowest-capability would be limited, while more features would be possible only if a separate chipset is assumed, meaning a segmented market.
One may also concern that some use cases with lower requirements may not be explicitly addressed in case the the upper bound requirements are referred to as RedCap UE type. We consider it is a lower level of discussion that certaily can be addressed later with many 3GPP approaches.
For example, from data rate point of view, the peak data rate requirement in our view is valid when full UE capability is configured by the network, with sufficient resources/scheduling opportunity available in the network. Even in LTE for a certain LTE UE category (thus one specific peak data rate), or in NR today for an eMBB UE, not all UEs have to strictly satisfy a single peak data rate – which is more about the marketing purpose and in real implementation/configuration, a scaling down operation may apply on.
An another example, some explicit test cases, coordination with other working groups and specification work will anyway be considred as requested by the SID objective, in order to make sure that sufficient flexible device forms are captured.
Based on the above discussion, we propose
[bookmark: OLE_LINK92]Proposal 1: As Principle-1, consider to define one RedCap UE type without differentiation among specific use cases for Rel-17.
Proposal 2: As Principle-2, consider to define the RedCap UE type based on single type of chipset with upper bound requirements in baseband, allowing adaptive device forms to be supported by network.
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 can be investigated. The RedCap-specific SIB1 can be tailored to meet the transmission requirement for RedCap UE, which is different from the transmission requirement for normal UE. For example, 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 3: 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 4: 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 5: 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, preliminary considerations are provided on defining and constraining reduced capabilities. Moreover, the following observations and proposals are given:
Observation 1: From network point of view, multiple UE types do not help the network constrain RedCap UEs with different use cases, or with different traffic for the same use case in real systems.
Observation 2: It is not desirable to define RedCap UE type for specific use cases from the perspective of chipset economy, and the business success of RedCap.
Proposal 1: As Principle-1, consider to define one RedCap UE type without differentiation among specific use cases for Rel-17.
Proposal 2: As Principle-2, consider to define the RedCap UE type based on single type of chipset with upper bound requirements in baseband, allowing adaptive device forms to be supported by network.
Proposal 3: Whether or not the SIB1 can be shared between RedCap UE and normal UE can be decided by the network.
Proposal 4: 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 5: 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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