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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN #86bis meeting, the new SID on supporting the reduced capability NR devices was approved [1], and the following objectives in the SID were included:
In this contribution, an overview on the characteristics of the REDCAP (reduced capability) UEs is provided in Section 2, which can shape the type definition. Additionally, the methods to limit the UE types within the intended use cases are discussed, and preliminary analyses on the common information/resource for REDCAP UEs are provided to help the use case constraint.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].
Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators, and allow operators to restrict their access, if desired [RAN2, RAN1].

In Section 3, the identification and access restriction of reduced capabilities devices are discussed, with the considerations on the aspects to ensure the coexistence for NR REDCAP UEs and NR legacy UEs.
[bookmark: _Ref30407925]Define and constrain UEs with reduced capabilities
[bookmark: _Ref40121063]REDCAP device type 
5G has identified three usage scenarios: enhanced mobile broadband (eMBB), massive machine-type communication (mMTC), and Ultra-Reliable and Low Latency communication (URLLC). It is desirable to enable massive connection to 5G network and core, from REDCAP UEs with reduced capability, lower cost and longer battery life. 
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 
According to our companion contribution [2], 20MHz bandwidth is preferred for REDCAP UEs. With the bandwidth of 20MHz, based on the analyses on the peak data rate and spectrum efficiency in [3], the uplink peak data rate in FDD can be up to 80Mbps. In [1], 7.5-25 Mbps actual UL data rate for high-end video and minimum 5 Mbps actual UL data rate are proposed. Generally, the peak data rate is very hard to achieve due to the limitation of channel condition and resource availability. As a result, higher uplink peak data rate (e.g., 80Mbps) is beneficial to guarantee the 5~25Mbps actual uplink data rate and uplink transmission in TDD. The basic feature list of one REDCAP type UE is summarized in Table 1, with reduced number of UE RX/TX antennas, reduced UE bandwidth, etc. 
[bookmark: _Ref30412181]Table 1: Rel-17 REDCAP UE properties, FR1
	Features
	BW
/MHz
	SCS
/kHz
	Number of UE antennas
	UE processing time
	Modulation
	FDD Duplex mode

	REDCAP UE
	20
	Not limited
	1T2R
	NR processing Capability 1
	Up to 64 QAM
	Full


In Table 1, the REDCAP UE bandwidth is reduced to 20MHz. It is a reasonable trade-off between cost reduction demand and the required data rate (80/150 Mbps for UL/DL, respectively) for some use cases like video surveillance and wearables. Also, 20MHz bandwidth supports all SSB and CORESET#0 bandwidth in FR1, which simplifies the specification design. With 20MHz UE bandwidth, a bandwidth smaller than 20MHz, e.g., 10MHz, can be additionally supported by REDCAP UE in some bands, i.e. the 20MHz REDCAP UE can work in a cell with a carrier bandwidth smaller than 20MHz. The SCS (subcarrier spacing) should follow the restriction of TS 38.101-1 [4], where 15kHz, 30kHz and 60kHz are supported in different NR bands. The antenna number of 1Tx2Rx is suggested, considering that 1Tx can reduce the RF component cost, and 2Rx can guarantee the DL coverage and data rate performance. 
For the UE processing time, the REDCAP UE can follow the basic capability (i.e. Capability 1) of Rel-15 NR as defined in TS 38.214 [5]. More aggressive capability is not desired. The supported modulation orders can keep the same with the basic modulation orders in Rel-15, where 64QAM is the highest one. The maximum HARQ process number may be less than 16, but should be carefully considered if negative impact on data rate will appear. In addition, half FDD-duplex is not desired, since it not only reduces the peak data rate, but also put unnecessary limits on gNB scheduling. 
It should be noted that Table 1 only lists the REDCAP features in FR1. For FR2, the supported SCS, bandwidth, etc. should be reconsidered to fulfill the FR2 requirement. The feature and parameter list of REDCAP in FR2 may need further study. 
Additionally, as discussed in our companion contribution [2], one may propose more REDCAP types for more different use case requirements. However, one unique set of UE implementation/property on high level is preferred from perspective of facilitating the economies scale, avoiding the market fragmentation, and in turn reducing the device cost. Moreover, there is no obvious cost saving benefits on introducing another REDCAP type UE with lower BW (e.g., 10MHz) at the cost of more standardization impacts (e.g., cell access).
Proposal 1: For FR1, consider to define one type of REDCAP UEs with common properties on high-level, e.g. as Table 1.
Proposal 2: For each band potentially accommodating REDCAP UEs, REDCAP UEs shall support of 20MHz carrier bandwidth.
· Additionally support carrier bandwidth smaller than 20MHz for some bands, e.g. 10MHz, 15MHz. 
[bookmark: OLE_LINK1]Restricting the REDCAP device types within the intended use cases 
As understood, the requirements of REDCAP services are higher than LPWA, but lower than URLLC and eMBB. In return, the REDCAP UE will have lower cost and complexity than the normal eMBB UEs. Considering that a REDCAP UE has less number of antenna and lower processing capability, it is expected to consume more time-frequency resource than eMBB UE to reach the same data rate as discussed in our companion contribution [6]. 
To avoid the potential network performance degradation resulted from REDCAP UE on eMBB service, it is necessary to provide some mechanisms to restrict REDCAP UEs within the intended use cases when they attempt to access to the network. There may be two potential directions to restrict REDCAP UEs:
· Restricting the REDCAP UE by core network (CN):  CN obtains use case related information of REDCAP UE first via UE’s subscription information, and then configures its PDU sessions within intended services.
· Restricting the REDCAP UE by gNB: gNB gets use case related information of REDCAP UE first from CN or infers it according to reported UE properties (or type), and then gNB could determine its scheduling strategy suitable and compatible for REDCAP UEs with low capability.
Further study can be proceeded in RAN2 for the aforementioned directions, and RAN2 can inform RAN1 if there is potential RAN1 impact identified.
Common information/resource for REDCAP UE
As noted in [1], Rel-15 SSB bandwidth should be reused for REDCAP UEs. Given that both REDCAP UE and normal UE will be served within the same NR cell, it should be further considered whether other cell-specific/common information or resource besides SSB can be shared or reused. 
Since the use cases of REDCAP UE and normal UE are different, the transmission requirements for these two UE types are naturally different. For instance, compared to normal UE, the REDCAP UE may have lower data rate, less SI re-acquisition, but higher delay paging/access tolerance and higher deploying density. In addition, considering that Rel-15 legacy UE has already been deployed in the network, shared common information/cell-specific resource may have significant impact on the legacy UE if changes are accommodated per REDCAP UEs requirements. 
In general, the cell-specific/common information and resource include:
· Initial BWP and CORESET#0
· SIB1/OSI
· RACH resource
· Paging resource
Reusing initial BWP and CORESET#0 can simplify the indication between the pdcch-ConfigSIB1 in MIB and the configuration of CORESET#0 and SIB1. However，coexistence of REDCAP UE and normal UE within the legacy initial BWP may lead to overload in control and data channel, and further affects the QoS of normal UE as discussed below. Whether the initial BWP and CORESET#0 can be shared between REDCAP UE and normal UE shall be carefully considered. 
SIB1/OSI can be shared in the premise that the initial BWP and CORESET#0 are reused. Such sharing seems beneficial for DL resource cost, but may not be appropriate if REDCAP-specific information in SIB1 (e.g. RACH configuration, SI scheduling information) is required by REDCAP UEs. Note that adding REDCAP-specific information into the current SIB1 will increase the payload, which is already very heavy (can be up to 2976 bits). Thus, a new SIB1 containing REDCAP-specific information can be considered, no matter the initial BWP is shared or not. Similar to SIB1, OSI for REDCAP UE can also be separately transmitted. In the case that the REDCAP UE and the normal UE use separate initial BWPs, new SIB1/OSI for REDCAP UE shall be transmitted naturally, where the structure of the legacy SIB1 can be referred.
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 benefit the load balance and the scheduling, as well as the compatibility to Rel-15/16 gNBs which is not able to recognize the UE capability signaling specific to Rel-17 REDCAP UEs and may inappropriately configure the REDCAP UEs. RACH resources can be divided in time/frequency/preamble domain for REDCAP UE and normal UE. In particular, separated RACH resources allows independent Msg2/Msg3/Msg4 between REDCAP UE and normal UE, thus the normal UE can be configured with a larger initial UL BWP, which benefits scheduling flexibility and transmission capacity. On the contrary, if REDCAP UE and normal UE share the same RACH resource, the access performance and delay of legacy UE may be deteriorated, taking into account the potential large number of REDCAP UEs. 
Whether paging resource is able be shared also depends on whether the REDCAP UE and the normal UE will be paged in the same resuming BWP (e.g., initial BWP). However, similar to the RACH resource, sharing paging resource may lead to higher paging failure rate of normal UEs. Furthermore, not only paging message is transmitted during the paging procedure, but also short message is delivered within the paging DCI. The system information modification is indicated in the short message. So when considering whether paging resource is shared, we should also consider whether SIB1/OSI will be shared for REDCAP UE and the normal UE. 
Hence, separated cell-specific/common information/resource for REDCAP UE and normal UE may benefit the deployment.
Observation 1: Separation of cell-specific/common information/resource may facilitate the deployment of REDCAP UEs.
In conclusion, it is suggested to study the feasibility of separating the common resource/information for the REDCAP UE and the normal UE. We have the following proposal:
Proposal 3: Study whether common resource/information for the REDCAP UE and the normal UE shall be separated, including:
· Initial BWP and CORESET#0
· SIB1/OSI
· RACH resource
· Paging resource.
[bookmark: _Ref481055071]Identify and restrict REDCAP UEs
[bookmark: OLE_LINK106][bookmark: OLE_LINK111][bookmark: OLE_LINK23][bookmark: OLE_LINK225][bookmark: OLE_LINK226]Functionality for restricting the access of REDCAP UEs
For restricting the access of REDCAP UEs, the main point is to avoid unnecessary network access attempt of the REDCAP UEs, which is beneficial for the network load reduction and UE power consumption reduction. 
The first thing is, the network should indicate the REDCAP UE whether the network has the capability to support REDCAP UEs accessing or not. For the commercialization of network supporting NR REDCAP UEs could be deployed gradually. In the actual network environment, especially for the initial deployment phase, it is possible that some cells don’t have the capability of supporting NR REDCAP UEs. Therefore, the network should indicate its capability of whether allowing NR REDCAP UEs accessing or not. The earlier the network indicates its capability, the better the REDCAP UEs can save its power consumption.
Proposal 4: Network should indicate its capability of whether supporting NR REDCAP UEs accessing or not for REDCAP UE’s cell selection.
The further thing is, the network should indicate whether the network allows the REDCAP UEs accessing or not, even the network has the capability to support REDCAP UEs accessing. For example, the network wants to make the load balance or protect the cell access of legacy UEs. And according to the current NR specification, there are some mechanisms for the network to indicate whether the network allows the UE’s accessing or not, for example, via the indications in MIB or SIB1, or load balance mechanism during the random access procedure. For simplification, we can reuse these mechanisms, to indicate whether the network allowing REDCAP UEs accessing or not.
Proposal 5: Network should indicate whether allowing NR REDCAP UEs accessing or not, and legacy accessing control mechanism can be reused for NR REDCAP UE.
Another thing is, how to indicate the network whether allowing the REDCAP UEs accessing or not. There may have two cases can be considered:
Case 1: indicate blindly without identifying REDCAP UEs. In this case, the network just indicates it allowing REDCAP UEs accessing or not, based on, for example, the load condition or policy, without  REDCAP UEs involved.
Case 2: indicate accordingly based on identifying REDCAP UEs. In this case, based on identifying REDCAP UEs, the network can indicate which traffic of REDCAP UEs, or which REDCAP use case is allowed to access the network. 
In our view, for providing more flexibility and efficiency on network control on supporting REDCAP UEs, both cases can be considered. 
Proposal 6: Network supports to control the REDCAP UEs accessing or not without identification of REDCAP UEs.
Proposal 7: Network also supports to control the REDCAP UEs accessing or not with identification of REDCAP UEs.
Functionality for identifying REDCAP UEs
Since the SID stated “Study functionality that will allow devices with reduced capabilities to be explicitly identifiable to networks and network operators”, and based on the discussion in the above section, the network can indicate whether it allowing the REDCAP UEs accessing or not, based on identifying REDCAP UEs, so some mechanisms should be discussed on identifying REDCAP UEs.
Furthermore, the bandwidth and peak data rate of NR REDCAP UE will be less than that of eMBB UEs. If there is no identification on REDCAP UEs before RRC CONNECTION, the network has to make a bit limitation on eMBB UE’s scheduling and DL/UL data transmission during cell access and random access procedure, when considering the coexistence of NR REDCAP UEs with NR legacy UEs. 
The earlier the UE reports its capability or type, to let the network identify the REDCAP UEs, the better for the gNB to separately schedule the data transmission and make network control on REDCAP UEs. The uplink transmission is done during the RACH procedure, so NR REDCAP UE can report its capability or type via PRACH or Msg3 for 4-step RACH, or via MsgA for 2-step RACH.
Proposal 8: The capability or type of REDCAP UEs should be reported during RACH procedure.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In this contribution, preliminary considerations are provided on defining and constraining reduced capabilities, as well as the identification and access restriction of reduced capabilities devices. Moreover, the following observations and proposals are given:
Observation 1: Separation of cell-specific/common information/resource may facilitate the deployment of REDCAP UEs.
Proposal 1: For FR1, consider to define one type of REDCAP UEs with common properties on high-level, e.g. as Table 1.
Proposal 2: For each band potentially accommodating REDCAP UEs, REDCAP UEs shall support of 20MHz carrier bandwidth.
· [bookmark: _GoBack]Additionally support carrier bandwidth smaller than 20MHz for some bands, e.g. 10MHz, 15MHz. 
Proposal 3: Study whether common resource/information for the REDCAP UE and the normal UE shall be separated, including:
· Initial BWP and CORESET#0
· SIB1/OSI
· RACH resource
· Paging resource.
Proposal 4: Network should indicate its capability of whether supporting NR REDCAP UEs accessing or not for REDCAP UE’s cell selection.
Proposal 5: Network should indicate whether allowing NR REDCAP UEs accessing or not, and legacy accessing control mechanism can be reused for NR REDCAP UE.
Proposal 6: Network supports to control the REDCAP UEs accessing or not without identification of REDCAP UEs.
Proposal 7: Network also supports to control the REDCAP UEs accessing or not with identification of REDCAP UEs.
Proposal 8: The capability or type of REDCAP UEs should be reported during RACH procedure.
[bookmark: _Ref512327290][bookmark: _Ref493672055]References
1. [bookmark: _Ref520453307][bookmark: _Ref31705311][bookmark: _Ref40194333]RP-193238, “New SID on support of reduced capability NR devices”, RAN#86, Sitges, Spain, December 9th – 12th, 2019.
1. [bookmark: _Ref29477591]R1-2003301, “Potential UE complexity reduction features”, Huawei, HiSilicon, RAN1#101 E-Meeting, May 25th – June 5th, 2020. 
1. [bookmark: _Ref40263698]TR 37.910, “Study on self-evaluation towards IMT-2020 submission”, V16.1.0.
1. [bookmark: _Ref38889225]TS 38.101-1, “User Equipment (UE) radio transmission and reception; Part1: Range 1 Standalone”, V16.2.0.
1. [bookmark: _Ref38892421]TS 38.214, “Physical layer procedures for data”, V16.0.0.
1. [bookmark: _Ref40263808]R1- 2003303, “Functionality for coverage recovery”, Huawei, HiSilicon, RAN1#101 E-Meeting, May 25th – June 5th, 2020.
