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1 Introduction
In RAN#86 meeting, a new SID was agreed to study reduced UE capability in Rel-17 for industrial wireless sensor, video surveillance, and wearables scenarios. The latest SID [1] includes the following objective:
	· 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 this contribution, we discuss identification and access restriction of REDCAP UE.
2 Discussion
2.1 Identification of REDCAP UE
According to the current NR specifications, the bandwidth of CORESET#0 of one cell could be configured smaller than 20M for FR1, but the bandwidth of initial DL BWP could be re-configured and it could be more than 20M, e.g. 100M. Moreover, there is no limitation on the bandwidth of initial UL BWP and the bandwidth of initial UL BWP could be configured to be 100M. A larger initial UL BWP can benefit scheduling flexibility, Msg3 frequency hopping as well as transmission capacity for legacy UE. However, as agreed in the last RAN1 meeting, the minimum bandwidth of REDCAP UE will be at least 20M for FR1. Although the final bandwidth of REDCAP is not decided, it is certain that it will not be very large for the purpose of saving device cost. Then, there will be a scenario that REDCAP UE does not support the re-configured bandwidth of initial DL BWP in SIB1, or the bandwidth of the initial UL BWP of one cell. According to the current TS 38.331, in this case the UE will see this cell as barred. As a result, there are two choices for a cell to support REDCAP UEs:

Choice 1: Configure initial DL/UL BWP with small bandwidth, e.g. less than or equal to the maximum bandwidth supported by REDCAP UE.

Choice 2: Consider to relax the camping criteria about the bandwidth of initial DL/UL BWP for REDCAP UE.
For choice 1, it will limit the flexibility of network configuration/deployment and impact the performance of normal UE. For Choice 2, it avoids the impact on normal UE from REDCAP UE thus Choice 2 is preferred.

Proposal 1: Allow a REDCAP UE to camp on a cell with larger initial DL/UL BWP than supported by REDCAP UE to avoid negative impact on legacy UEs.
According to above analysis, we discuss the identification of REDCAP UE by considering the following cases:

Case 1: the bandwidth of initial DL/UL BWP is supported by REDCAP UE.

Case 2: the bandwidth of initial DL/UL BWP is not supported by REDCAP UE

For Case 1, there is no any bandwidth issue, however, in the last RAN1 meeting, 1R/2R were agreed to be considered for REDCAP UE. The reduction of antenna has impact on DL/UL coverage. If the network could identify REDCAP UE during the initial access, the network could adapt the transmission configuration of RAR, Msg4, or Msg B to ensure the coverage of REDCAP UE. Moreover, the network could reject REDCAP UE by RRC reject message. Hence, REDCAP UE could be identified before Msg 4 or Msg B. So, for 2-step RACH, REDCAP UE could be identified by Msg A. For 4-step RACH, RECAP UE could be identified by Msg 1 or Msg 3. Configuring different RACH resources for REDCAP UE and normal UE could avoid the impacts on the contention resolution success possibility from the REDCAP UEs. Therefore, it is suitable to identify REDCAP UE by Msg1 or Msg A. Of course, this could be achieved by separate Msg1 and Msg A resource configuration in shared SIB1 or in two separate SIB1.
For Case 2, after camping criteria relaxation as in proposal 1, REDCAP UE could camp on one cell although REDCAP UE cannot support the bandwidth of its reconfigured initial DL BWP bandwidth or its initial UL BWP. For reconfigured initial DL BWP, UE will keep using the bandwidth of CORESET#0 before receiving Msg4 and the DL transmission after Msg5 may be scheduled on the reconfigured larger bandwidth. Therefore, it is necessary to identify REDCAP UE before Msg5 to avoid the network to schedule REDCAP UE on a bandwidth it does not support. For initial UL BWP, REDCAP UE will perform RACH on it. Generally, REDCAP UE could transmit preamble on this initial UL BWP although it doesn’t support this bandwidth because the bandwidth of preamble is very small. However, REDCAP UE may cannot transmit Msg3 and perform PUCCH feedback for Msg4/Msg B because the PUSCH and PUCCH transmission need frequency hopping on the whole initial UL BWP bandwidth. To solve this issue, one potential method is to identify REDCAP UE at Msg1/Msg A, and then network could provide some special configuration, e.g. frequency hopping in a small bandwidth range. Another alternative is to configure a specific initial UL BWP for REDCAP UE and REDCAP UE can perform RACH on it. 
In summary, REDCAP UE could be identified by Msg1/Msg A or by different initial UL BWP.
Proposal 2: REDCAP UE could be identified by Msg1/Msg A or by different initial UL BWP. 

2.2 Restriction in CN level
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 REDCAP UE has less number of antennas 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 contribution [2]. 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 could decide whether one device type is used for the intended use cases based on UE device type related information and UE’s subscription information. This decision depends on network operator’s strategy. Finally, the UE could be release or be configured PDU sessions with limited data rate if CN finds that it is not used for the intended use cases.

· Restricting the REDCAP UE by gNB: gNB gets use case related information of REDCAP UE first from CN or infers it based on UE reported properties (or type), and then gNB could determine its scheduling strategy suitable and compatible for REDCAP UEs with low capability.

From the perspective of function splitting between RAN and CN, the traffic information is transparent to RAN and RAN schedules the UEs only based on QoS parameters (5QI) provided by CN. 5QI just provide some quantized KPI, e.g. data rate, latency, packet error rate, GBR or Non-GBR. Unless some special 5QI could be defined for the use cases of REDCAP UE, it is difficult for RAN to identify the use case. Therefore, we prefer to let the CN to ensure that the REDCAP UE is only used for the intended use case. Details can be discussed in SA2 and CT1.

Proposal 3: It is up to CN to ensure the device type is used for the intended use case. 
2.3 Restriction in RAN level
According to our analysis in [3], REDCAP UE does not support 100M bandwidth mandatorily and has reduced PDCCH complexity at least. Maybe there are reduced UE processing time, HD-FDD, and reduced HARQ process number to be introduced for REDCAP UE. Moreover, according to the SID, Rel-15 SSB should be reused for REDCAP UE. This means that REDCAP UE may search out a legacy cell (Rel-15/16 network) and camps on it. Obviously, the legacy cell cannot be aware of the reduced capability thus REDCAP UE cannot work in a legacy cell. 
Furthermore, due to the reduced capability, e.g. number of RX/TX antenna, reduced PDCCH complexity, possibly reduced processing time, compared to legacy UE, the transmission efficiency of REDCAP UE is lower. A large number of REDCAP UEs will pull down the network performance. Therefore, a cell should be allowed to bar all REDCAP UE. 
Based on above, we think an indication in MIB or SIB1 is needed to indicate whether the RECCAP UEs are allowed to camp on to avoid REDCAP UE camping in a legacy cell and allow network to bar all REDCAP UEs.
Proposal 4: Consider to indicate whether REDCAP UEs are allowed to camp on in MIB/SIB1 to avoid REDCAP UE camping in a legacy network and allow network to bar all REDCAP UE.
The cell barring mechanism is a very strict method to restrict REDCAP UEs. The need of some soft restriction methods can be considered, e.g. UAC. The concept of the UAC is to allow the network to balance the workload by managing the access allowance rate of different access category. The current UAC mechanism mainly considers the traffic type, and the device type is not considered. One possible method to restrict REDCAP UE’s access by UAC is to introduce a set of additional UAC configuration including UAC parameters of all access categories and access identities for REDCAP UEs, which will consume many SIB1 bits. Another alternative is to define special access category for REDCAP UEs. The signalling overhead of this method is smaller but it cannot restrict the different traffic types (e.g. MO signalling, MO data, paging response, etc.) respectively. An easier method is to share UAC configuration with legacy UE. This method has on impact on specification with losing the independent UAC of REDCAP UE. Considering that the gain of independent UAC for REDCAP UEs is not very clear, we propose to study whether to enhance UAC mechanism for REDCAP UEs.
Proposal 5: Study whether to enhance UAC mechanism for REDCAP UEs.
3 Conclusion

In this contribution, we discussed identification and access restriction of REDCAP UE and have the following proposals:

Proposal 1: Allow a REDCAP UE to camp on a cell with larger initial DL/UL BWP than supported by REDCAP UE to avoid negative impact on legacy UEs.
Proposal 2: REDCAP UE could be identified by Msg1/Msg A or by different initial UL BWP. 

Proposal 3: It is up to CN to ensure the device type is used for the intended use case. 
Proposal 4: Consider to indicate whether REDCAP UEs are allowed to camp on in MIB/SIB1 to avoid REDCAP UE camping in a legacy network and allow network to bar all REDCAP UE.
Proposal 5: Study whether to enhance UAC mechanism for REDCAP UEs.
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