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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#90e, a WID on support of reduced capability NR devices [1] was agreed. One objective of this WI is to specify support of the following UE complexity reduction features,
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access of 20 MHz is supported. The possibility of, and any associated conditions for, optional support of a wider bandwidth up to 40MHz after initial access for this case will be further discussed at RAN#91e.
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· [bookmark: _Hlk61252325]For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE will be decided at RAN#91e; hence no specific work for these frequency bands will be done before RAN#91e.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
In this contribution, we provide analysis on the UE complexity features of reduced maximum UE bandwidth, Reduced minimum number of Rx branches and HD-FDD type A operation. We identify the issues for each feature and provide solutions.
Discussion
UE bandwidth reduction
With the agreed 20MHz bandwidth for FR1 and 100MHz bandwidth for FR2, a RedCap UE is allowed to reuse the existing initial access procedures to acquire SSB, SIBs, RAR and Msg4. 
However, some issues are still remained in the shared initial access procedure. For FR1, if 8 FDMed ROs with 30kHz subcarrier spacing are configured, the bandwidth of the FDMed ROs is larger than 20MHz BW. Some of ROs are then inevitably located outside of the UE BW, and the UE may not be able to use the RO to transmit PRACH using the best beam. Furthermore, such configurations of RO also mean that the BW of the configured initial UL BWP is larger than the RedCap UE BW, which requires the RedCap UEs to determine the center frequency of initial UL BWP for itself. 
Observation 1: For FR1, the RedCap UE might not be able to transmit PRACH using the best beam if 8FDMed ROs with 30kHz SCS are configured. 
Observation 2: For FR1, the BW of the configured initial UL BWP is larger than the RedCap UE BW if 8FDMed ROs with 30kHz SCS are configured.
As a simple solution, the center frequency for the initial UL BWP for RedCap UEs is same with that for the configured initial UL BWP.  If the best RO is located outside of the determined initial BWP, the RedCap UE could retune to the best RO to transmit PRACH and retune back for the transmission of other UL signals. Another solution is to have the association of RO and initial UL BWP for the RedCap UE, such that the RO is always located within the initial BWP. In addition, the network could restrict the configurations of initial BWP such that the ROs are within the RedCap UE BW. However, this is not desired in principle since it might impact legacy UE performance. 
Proposal 1: In principle, the network shall not restrict the configurations for the legacy UEs in order to guarantee the RedCap UE performance.
Proposal 2: For the shared initial access procedure, in case the configured initial BWP is higher than the UE BW, e.g., 8FDMed ROs with 30kHz SCS, the RedCap UEs shall determine the center frequency of initial UL BWP for itself.
For FR2 with 100MHz RedCap UE BW, one identified issue is that the total BW of SSB + CORESET0 BW will be higher than UE BW for the configurations of 240kHz SCS SSB and 120kHz SCS 48PRB CORESET0 for SSB and CORESET0 multiplexing pattern 2. This requires sequential reception of SSB and CORESET0, which leads to longer SSB/CORESET0 acquisition time. However, since the latency requirement of RedCap UEs is quite relaxed, there might be no need to have any enhancements to reduce the SSB/CORESET0 acquisition time for RedCap UEs.
Observation 3: For FR2 with 100MHz BW, the RedCap UEs need sequential reception of SSB and CORESET0 for 240kHz SCS SSB and 120kHz SCS 48PRB CORESET0.
The shared initial access process may impact the legacy UE performance. The vast RedCap UEs in the system may lead to higher PRACH preamble collision rate, congestion of scheduling in initial BWP for Msg2/Msg3/Msg4 etc, which might result in high access latency for legacy UEs. The network could use access control to avoid such issues, which requires the network to early identify the RedCap UEs. Another solution is that the network could configure separate initial BWP for RedCap UEs to avoid the performance loss for legacy UEs. 
Proposal 3: The performance degradation of legacy UEs due to the introduced vast RedCap UEs shall be reduced through e.g., access control, separate initial BWP for RedCap UEs, etc. 
Reduced minimum number of Rx branches 
The minimum number of Rx branches is not decided yet for RedCap UEs for the frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports. Two alternatives were agreed in RAN1#103e,
· For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by specification for a RedCap UE is N. To be down-selected during the WI phase or at RAN plenary:
· Alt 1: N=2
· Alt 2: N=1, where N=2 is also supported 
The cost saving gain of 1Rx over 2Rx is quite significant. As concluded from the TR [2], the estimated cost for a device with 1 Rx branch and a corresponding 1 MIMO layer has about 20% cost saving gain than that with 2Rx branches with max. 2 MIMO layers.  
The main concern of 1 Rx RedCap UEs might be the impact on the spectral efficiency and capacity, and the impact on the performance of legacy eMBB UEs. However, from evaluations in the TR, there is only minor or no impact on the spectral efficiency and capacity assuming IM traffic model for RedCap UEs. And 1Rx UEs do not make an appreciable change on the user throughput performance of the eMBB users compared with 2Rx RedCap UEs. For traffic pattern with FTP model 3, the evaluation samples are quite limited and there are different views mostly because of different simulation assumptions. 
Observations 4: From the evaluations in the TR38.875, 1Rx devices have ~20% cost reduction than 2Rx devices and minor impact on spectral efficiency, capacity and user throughput of eMBB UEs in most cases. 
Proposal 4: For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by a RedCap UE is N. N=1, and N=2 is also supported.
[bookmark: _Hlk61269546]With proposal 4, it is proposed to define two RedCap UE types for the above target bands, considering different coverage performance of 1Rx UEs and 2Rx UEs. Then one RedCap UE type is characterized with 1Rx branch and the other with 2Rx branches, together with other reduced capability features. Furthermore, since 1Rx branch and 2Rx branches are supported for other frequency bands, it is feasible that two RedCap UEs are defined for each frequency band.
Proposal 5: Two RedCap UE types are to be defined, one with 1Rx branch and the other with 2Rx branches.
Duplex operation
For HD-FDD, it was agreed HD-FDD type A is supported with the minimum specification impact.
In LTE, the HD-FDD UEs do not have a priori information of the uplink and downlink transmission pattern. Instead, the UE checks PDCCH of any subframe which has not been preassigned to uplink transmission. In other words, if any subframe was scheduled for a UL channel, this subframe would be a UL subframe and the UE will therefore not detect PDCCH in it. As defined in [3], for type A HD-FDD operation, there should be guard period create by the UE by not receiving the last part of a downlink subframe immediately preceding an uplink subframe from the same UE. 
Similar design could be reused for HD-FDD in NR, and only minimum standard impact is expected. Furthermore, due to the flexible PDSCH and PUSCH scheduling in terms of starting OFDM symbol and time domain duration, the guard period might be created by not scheduling the transmission in the last several OFDM symbols of a PDSCH before a PUSCH transmission.
Proposal 6: Similar with LTE HD-FDD, the NR HD-FDD UEs checks any symbols with PDCCH which have not been preassigned to UL transmission. 
 
Conclusions
As a summary, we have the following observations and proposals on UE complexity reduction features,
Observation 1: For FR1, the RedCap UE might not be able to transmit PRACH using the best beam if 8FDMed ROs with 30kHz SCS are configured. 
Observation 2: For FR1, the BW of the configured initial UL BWP is larger than the RedCap UE BW if 8FDMed ROs with 30kHz SCS are configured.
Observation 3: For FR2 with 100MHz BW, the RedCap UEs need sequential reception of SSB and CORESET0 for 240kHz SCS SSB and 120kHz SCS 48PRB CORESET0.
Observations 4: From the evaluations in the TR38.875, 1Rx devices have ~20% cost reduction than 2Rx devices and minor impact on spectral efficiency, capacity and user throughput of eMBB UEs in most cases. 
Proposal 1: In principle, the network shall not restrict the configurations for the legacy UEs in order to guarantee the RedCap UE performance.
Proposal 2: For the shared initial access procedure, in case the configured initial BWP is higher than the UE BW, e.g., 8FDMed ROs with 30kHz SCS, the RedCap UEs shall determine the center frequency of initial UL BWP for itself.
Proposal 3: The performance degradation of legacy UEs due to the introduced vast RedCap UEs shall be reduced through e.g., access control, separate initial BWP for RedCap UEs, etc. 
Proposal 4: For FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, the minimum number of Rx branches supported by a RedCap UE is N. N=1, and N=2 is also supported.
Proposal 5: If 1Rx branch is to be supported for FR1 TDD bands where a non-RedCap UE is required to be equipped with a minimum of 4 Rx branches, two RedCap UE types are to be defined, one with 1Rx and the other with 2Rx.
Proposal 6: Similar with LTE HD-FDD, the NR HD-FDD UEs checks any symbols with PDCCH which have not been preassigned to UL transmission. 
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