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1 	Introduction
In this contribution paper, we discuss the general and RRM requirement impacts for RedCap. The WID has the following objectives [1]: 
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· 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: _Hlk58502022][bookmark: _Hlk58574559]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 is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· 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.)


2 Discussion on RRM impacts
This section provides discussion on aspects related to the UE complexity reduction features in 5G NR RedCap devices.
2.1. Reduced maximum UE bandwidth
Reducing the bandwidth (BW) down to 20 MHz for FR1 and 100 MHz for FR2 may have impact on CSI-RS measurement requirements, e.g. CSI-RS based RLM, CSI-RS based L1-RSRP, and L3 CSI-RS, where BW of 48 PRBs was assumed in some requirements. For example, for CSI-RS based RLM, the BW assumed in PDCCH transmission parameters is 48 PRBs, which is higher than the BW limit for RedCap devices under SCSs = 60 KHz. Therefore, one of the following two options should be considered, which is either (Option 1) the bandwidth assumed in PDCCH transmission parameters for CSI-RS based RLM should be reduced or (Option 2) SCSs = 60 KHz should not be in the requirements for RedCap. Option 1 may have some impact on the CSI-RS based RLM accuracy, which is due to the bandwidth reduction. Hence moving on with this option may require re-checking the evaluation period, which could require some simulations that may take some time to be done. On the other hand, Option 2 seems to be more reasonable to easy to achieve because this way we can guarantee the CSI-RS based RLM accuracy is maintained unchanged. 
Observation 1: [bookmark: _Ref78985672]The measurement bandwidth for SSB based RLM is lower than the maximum bandwidth agreed for RedCap UE in FR1 and FR2, hence no changes are needed.
Observation 2: [bookmark: _Ref79095446]The bandwidth of 48 PRBs with SCSs 60 kHz for CSI-RS based RLM is higher than the maximum bandwidth agreed for RedCap UE in FR1. To address the issue, either reducing the BW for CSI-RS based RLM or exclude the SCSs 60 KHz from RedCap UEs requirements.
Observation 3: [bookmark: _Ref85817742]Excluding the 60 KHz SCS in FR1 seems to be more reasonable to achieve. 
Proposal 1: [bookmark: _Ref78920219]Support excluding the 60 KHz SCS for the bandwidth parameters for CSI-RS based RLM to accommodate the reduced maximum bandwidth in RedCap for FR1.
2.2. Reduced minimum number of Rx branches
Reducing the minimum number of Rx branches has potential impact on the test setup (performance) requirements, as well as PDCCH transmission parameters in RLM core requirements. As we agreed in the meeting (RAN4#99-e meeting) to delay the discussion on performance requirements, hence in this section we will discuss only the impact on core requirements. 
The existing requirements for hypothetical PDCCH parameters of 5G NR RLM are specified with the minimum number of antennas equal to two. Besides, reducing the number of antennas to one antenna can result in reducing the received power down to half compared to using two antennas. Therefore, the hypothetical PDCCH parameters shall be extended to cover the case of using a single antenna with either a 3 dB higher compared to the case of using two antennas or increasing the CCE level by two. 
However, for OOS parameters, the only available option is to increase the CCE level, however, for the IS and BFD either increasing the CCE level or increasing the RE energy can be considered. Now, if we consider increasing the CCE level for both IS and OOS we can ensure that the SNR gap between IS and OOS is maintained the same.
Observation 4: [bookmark: _Ref79095463]For RLM in RedCap, the PDCCH requirements for ratio of hypothetical PDCCH RE energy to average SSS/CSI-RS RE energy for out-of-sync and in-sync are for minimum of two antennas.
Proposal 2: [bookmark: _Ref79095613]Support modification on PDCCH transmission parameters for RLM requirements with the single antenna port in RedCap devices, including either the ratio of hypothetical PDCCH RE energy to average SSS/CSI-RS RE energy to be increased by 3dB or increasing the CCE level by two.
2.3. Duplex operation
The duplex operation could have impact on the following agenda: 
2.3.1. Evaluation period for RLM measurements 
The configuration of the evaluation period requirements in 5G NR, such as in Table 8.1.2.2-1 in [2], is based on the FD-FDD and the TDD duplex modes, however, in RedCap devices the HD-FDD type A is introduced and hence this may have impact on the existing requirements. Looking back at LTE Cat-M1 RLM evaluation period requirements for HD-FDD, we can recall a condition that: ‘at least 1 DL subframe per radio frame of PCell is available at the UE during Qin_CatM1 and Qout_CatM1 evaluation periods’ [3]. Now, in 5G NR specification in Section 5 in [4], the physical layer in the UE assesses once per indication period, where the UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec. Therefore, the condition in 5G NR in RedCap devices for HD-FDD should be: ‘At least 1 RLM-RS must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec’.
Observation 5: [bookmark: _Ref79095476]In LTE RLM requirements, there is a condition for the evaluation period of HD-FDD to ensure that at least one DL subframe per radio frame is available during the evaluation period.
Proposal 3: [bookmark: _Ref79095628]Support adding the following condition for the evaluation period of 5G NR RLM requirement for HD-FDD: At least 1 RLM-RS must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
Furthermore, the lower bound of the evaluation period for RLM requirements was increased at lease by two in LTE Cat-M RLM requirements compared to the general LTE RLM requirements [3]. Given that the LTE Cat-M is for services that costs less, long battery life and cheaper devices, which are similar motivation for using the RedCap devices. Therefore, the lower bound in the evaluation period of the 5G NR RedCap RLM requirements shall be doubled.
Observation 6: [bookmark: _Ref79095495]For the evaluation period of LTE Cat-M RLM requirements the lower bound was doubled compared to the evaluation period of the general RLM requirements in LTE.
Proposal 4: [bookmark: _Ref79095641]Support extending the lower bound of the evaluation period of 5G NR RedCap RLM requirement by two compared to the existing general 5G NR RLM requirements.
Besides, based on the simulation performance using 1Rx in RedCap UE, the delta SINR (estimated SINR – ideal SINR) is worse than the case of using 2Rx. Now, whether to extend the period or not should depends on the outcome of the hypothetical PDCCH parameters discussion. 
Observation 7: [bookmark: _Ref92700128]The SINR accuracy for 1Rx is worse than that of using 2Rx, where the delta SINR can reach up to 9 dB and 13.5 dB for SSB based RLM and CSI-RS based RLM, respectively.
Proposal 5: [bookmark: _Ref92700257]If the period to be extended for RLM, it should be based on the outcome of the hypothetical PDCCH parameter discussion.

2.4. Link recovery 
For the impact on the beam failure detection (BFD) it should be easier to reuse the agreements from the RLM part after the consensus is reached. 
Proposal 6: [bookmark: _Ref85817851]Support reusing the agreements from RLM that have the same impact in BFD, such as hypothetical transmission parameters and CSI-RS based RLM for 60 KHz.
Besides, based on the simulation performance using 1Rx in RedCap UE, the delta SINR is worse than the case of using 2Rx. Now, whether to extend the period or not should depends on the outcome of the hypothetical PDCCH parameters discussion. 
Observation 8: [bookmark: _Ref92670546]The SINR accuracy for 1Rx is worse than that of using 2Rx, where the delta SINR can reach up to 9 dB and 13.5 dB for SSB based BFD and CSI-RS based BFD, respectively.
Proposal 7: [bookmark: _Ref92670564]If the period to be extended for BFD, it should be based on the outcome of the hypothetical PDCCH parameter discussion.
3 BWP switching delay
From the LS response [5], it clear that scenario 1 (which is the reconfiguration involves changing the center frequency of the BWP without changing its BW) has the same BWP switching delay compared to scenario 3 (which is the reconfiguration involves changing both the BW and the center frequency of the BWP). Therefore, we support to reuse the legacy BWP switching delay.
Proposal 8: [bookmark: _Ref92700292]Support reusing the legacy BWP switching delay in RedCap UEs.
4 Summary
In this contribution, discussion on general and RRM requirement in RedCap UEs are provided and we have the following observations: 
Observation 1: The measurement bandwidth for SSB based RLM is lower than the maximum bandwidth agreed for RedCap UE in FR1 and FR2, hence no changes are needed.
Observation 2: The bandwidth of 48 PRBs with SCSs 60 kHz for CSI-RS based RLM is higher than the maximum bandwidth agreed for RedCap UE in FR1. To address the issue, either reducing the BW for CSI-RS based RLM or exclude the SCSs 60 KHz from RedCap UEs requirements.
Observation 3: Excluding the 60 KHz SCS in FR1 seems to be more reasonable to achieve.
Observation 4: For RLM in RedCap, the PDCCH requirements for ratio of hypothetical PDCCH RE energy to average SSS/CSI-RS RE energy for out-of-sync and in-sync are for minimum of two antennas.
Observation 5: In LTE RLM requirements, there is a condition for the evaluation period of HD-FDD to ensure that at least one DL subframe per radio frame is available during the evaluation period.
Observation 6: For the evaluation period of LTE Cat-M RLM requirements the lower bound was doubled compared to the evaluation period of the general RLM requirements in LTE.
Observation 7: The SINR accuracy for 1Rx is worse than that of using 2Rx, where the delta SINR can reach up to 9 dB and 13.5 dB for SSB based RLM and CSI-RS based RLM, respectively.
Observation 8: The SINR accuracy for 1Rx is worse than that of using 2Rx, where the delta SINR can reach up to 9 dB and 13.5 dB for SSB based BFD and CSI-RS based BFD, respectively.
Also, we have the following proposals: 
Proposal 1: Support excluding the 60 KHz SCS for the bandwidth parameters for CSI-RS based RLM to accommodate the reduced maximum bandwidth in RedCap for FR1.
Proposal 2: Support modification on PDCCH transmission parameters for RLM requirements with the single antenna port in RedCap devices, including either the ratio of hypothetical PDCCH RE energy to average SSS/CSI-RS RE energy to be increased by 3dB or increasing the CCE level by two.
Proposal 3: Support adding the following condition for the evaluation period of 5G NR RLM requirement for HD-FDD: At least 1 RLM-RS must fall with DL occasion within an indication period. The UE determines the indication period as the maximum between the shortest periodicity for radio link monitoring resources and 10 msec.
Proposal 4: Support extending the lower bound of the evaluation period of 5G NR RedCap RLM requirement by two compared to the existing general 5G NR RLM requirements.
Proposal 5: If the period to be extended for RLM, it should be based on the outcome of the hypothetical PDCCH parameter discussion.
Proposal 6: Support reusing the agreements from RLM that have the same impact in BFD, such as hypothetical transmission parameters and CSI-RS based RLM for 60 KHz.
Proposal 7: If the period to be extended for BFD, it should be based on the outcome of the hypothetical PDCCH parameter discussion.
Proposal 8: Support reusing the legacy BWP switching delay in RedCap UEs.
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