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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. The RAN4 related objectives are copied below:

· 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.
· 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.)
· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.

· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.
· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:

· Specify measurement (RSRP/RSRQ) based stationarity criterion and not-at-cell-edge criterion [RAN2]

· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.

· Specify UE requirements for RRM measurement relaxation [RAN4]

· No RRM measurement relaxations are specified for the serving cell. 

· Specify RAN4 core requirements for the above. 

The impact of various complexity reduction techniques on the RRM requirements was discussed at RAN4 100e meeting [3] and some agreements were achieved [2]. In this contribution we provide our considerations for Redcap mobility requirements.

2. Discussion
As described at introduction, the key objective of Redcap WI, UE complexity reduction, is achieved through various complexity reduction techniques such as reduce the operation bandwidth, number of Rx branches and number of DL MIMO layer etc, HD-FDD etc. We provide our further views on the following aspects. 
2.1 Impact on handover requirements
Based on Rel-15, the handover delay Dhandover equals the applicable RRC procedure delay defined in clause 12 in TS 38.331 plus the interruption time. The interruption time, using FR1 – FR1 handover requirements as an example, is defined as [4]:

Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms and the definition of all related terms are copied below:

Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

Tprocessing is time for UE processing. Tprocessing can be up to 20ms. 


Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.


T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs for both known and unknown target cell.


TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].

Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.

It can be learned that Tsearch and T∆ are determined by Trs which is further determined by the SMTC configuration or pre-defined value. TIU, Tprocessing and Tmargin will not impacted by any complexity reduction techniques introduced for Redcap, based on their corresponding definitions. For the FR1 to FR2 handover and FR2 to FR2 handover, same formula are used for the interruption period and the only difference is the concrete value for some terms such as Tprocessing and Tsearch. For Redcap UE with 2 Rx, no impact can be identified on the delay and interruption time requirements. When 1 Rx is used, Tsearch may need further study, for example in FR1 to FR1 handover if the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs ms and when the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs., whether Trs or 3* Trs requirements can still be used for FR1 to FR1 handover for Redcap UE with 1 RX needs further study. Either relaxation based on current requirements or reusing current requirements could be considered.       
Proposal 1: Rel-15 handover delay and interruption time requirements can be reused for Rel-17 Redcap UE with 2 Rx. For Redcap UE with 1Rx, either relaxation based on current requirements or reusing current requirements could be considered.     
2.2 Impact on RRC Re-establishment requirements

The RRC Re-establishment require [4] is defined as [image: image1.png]Tre—establish delay = LUE re—establish_delay + TUL grant
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The definition of terms used in above formula are copied below:
The intra-frequency target NR cell shall be considered detectable if each relevant SSB can satisfy that:

-
SS-RSRP related side conditions given in clause 10.1.2 and 10.1.3 are fulfilled for a corresponding NR Band for FR1 and FR2, respectively, and
-
the conditions of SSB_RP and SSB Ês/Iot according to Annex B.2.3 for a corresponding NR Band are fulfilled.
The inter-frequency target NR cell shall be considered detectable when for each relevant SSB:

-
SS-RSRP related side conditions given in clause 10.1.4 and 10.1.5 are fulfilled for a corresponding NR Band for FR1 and FR2, respectively, and
-
the conditions of SSB_RP and SSB Ês/Iot according to Annex B.2.2 for a corresponding NR Band are fulfilled.
Tidentify_intra_NR: It is the time to identify the target intra-frequency NR cell and it depends on whether the target NR cell is known cell or unknown cell and on the FR of the target NR cell. If the UE is not configured with intra-frequency NR carrier for RRC re-establishment then Tidentify_intra_NR=0; otherwise Tidentify_intra_NR shall not exceed the values defined in Table 6.2.1.2.1-1.

Tidentify_inter_NR,i: It is the time to identify the target inter-frequency NR cell on inter-frequency carrier i configured for RRC re-establishment and it depends on whether the target NR cell is known cell or unknown cell and on the FR of the target NR cell. Tidentify_inter_NR,i shall not exceed the values defined in Table 6.2.1.2.1-2.

TSMTC: It is the periodicity of the SMTC occasion configured for the intra-frequency carrier. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2, Tsmtc follows smtc1 or smtc2 according to the physical cell ID of the target cell.

TSMTC,i: It is the periodicity of the SMTC occasion configured for the inter-frequency carrier i. If it is not configured, the UE may assume that the target SSB periodicity is no larger than 20 ms.

TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target NR cell.
TPRACH: It is the delay uncertainty in acquiring the first available PRACH occasion in the target NR cell. TPRACH can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
Nfreq: It is the total number of NR frequencies to be monitored for RRC re-establishment; Nfreq = 1 if the target intra-frequency NR cell is known, else Nfreq = 2 and Tidentify_intra_NR = 0 if the target inter-frequency NR cell is known.

On these terms, the terms could be impacted due to the introduction of 1Rx are Tidentify_intra_NR and Tidentify_inter_NR,I and we do not think there is any impact on the value of other parameters. The time to identify target NR cell, Tidentify_intra_NR and Tidentify_inter_NR,I, can be determined through simulation campaign. For Redcap UE with 2Rx, we think the current requirements can be reused.  
Proposal 2: For Redcap UE with 1Rx, the time to identify target NR cell, Tidentify_intra_NR and Tidentify_inter_NR,I, can be determined through simulation campaign. For Redcap UE with 2Rx, we think the current requirements can be reused.  

2.3 Impact on RRC Connection Release with Redirection requirements

For SA RRC Connection Release with Redirection requirement, the requirements for RRC connection release with redirection to NR is [4]: 
Tconnection_release_redirect_NR = TRRC_procedure_delay + Tidentify-NR + TSI-NR + TRACH
The definition of terms are copied below:

TRRC_procedure_delay: It is the RRC procedure delay for processing the received message “RRCRelease” as defined in clause 6.2.2 of TS 38.331.

Tidentify-NR: It is the time to identify the target NR cell and depends on the FR of the target NR cell. It is defined in Table 6.2.3.2.1-1. Note that Tidentify-NR = TPSS/SSS-sync + Tmeas, in which TPSS/SSS-sync is the cell search time and Tmeas is the measurement time due to cell selection criteria evaluation.

TSI-NR: It is the time required for acquiring all the relevant system information of the target NR cell. This time depends upon whether the UE is provided with the relevant system information of the target NR cell or not by the old NR cell before the RRC connection is released. TRACH: It is the delay uncertainty in acquiring the first available PRACH occasion in the target NR cell. TRACH can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213.
Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cell in the redirection command, otherwise Trs is the SMTC periodicity configured in the measObjectNR having the same SSB frequency and subcarrier spacing configured for the RRC connection release with redirection. If the UE is not provided with SMTC configuration or measurement object for the frequency which is also configured for the RRC connection release with redirection then:

-
the requirement in this clause is applied with Trs = 20 ms if the SSB transmission periodicity is not larger than 20 ms; otherwise,
-
there is no requirement if the SSB transmission periodicity is larger than 20ms. 
Similar to RRC Re-establishment requirements, the term will be impacted by Redcap with 1 Rx is Tidentify-NR, whether the current requirements can be reused for Redcap with 1Rx needs further investigation however other terms at above formula will not be impacted. In addition, the current requirements could be directly reused for Redcap UE with 2Rx. 
Proposal 3: For Redcap with 1 Rx, Tidentify-NR  in RRC Connection Release with Redirection requirements needs further investigation. Other terms at RRC Connection Release with Redirection requirements will not be impacted. The current RRC Connection Release with Redirection requirements could be directly reused for Redcap UE with 2Rx. 
3. Conclusion
In this contribution, we provide our considerations on mobility requirements for Redcap and have the following proposal:
Proposal 1: Rel-15 handover delay and interruption time requirements can be reused for Rel-17 Redcap UE with 2 Rx. For Redcap UE with 1Rx, either relaxation based on current requirements or reusing current requirements could be considered.     
Proposal 2: For Redcap UE with 1Rx, the time to identify target NR cell, Tidentify_intra_NR and Tidentify_inter_NR,I, can be determined through simulation campaign. For Redcap UE with 2Rx, we think the current requirements can be reused.  

Proposal 3: For Redcap with 1 Rx, Tidentify-NR  in RRC Connection Release with Redirection requirements needs further investigation. Other terms at RRC Connection Release with Redirection requirements will not be impacted. The current RRC Connection Release with Redirection requirements could be directly reused for Redcap UE with 2Rx. 
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