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RAN4 has discussed the impact on RRM requirements due to UE complexity reduction. More specifically, impact on following types of mobility requirements were identified:
· Handover,
· RRC re-establishment
· Random Access
· RRC connection release with redirection  
The outcome of discussion from last meeting were summarized in [1] and in this contribution we further provide our view on the remaining open issues. 
Discussion
Handover
Sub-topic 2-1 Handover
Agreement from RAN4 101e WF
Type of HOs
· For Rel-17 RedCap with 1 Rx following new HO requirements are needed
· NR FR1-FR1 handover
· NR FR2-FR2 handover
· NR-EUTRAN handover
· E-UTRAN-NR handover
· NR FR1-FR2 handover
· NR FR2-FR1 handover
· FR2 related cases may need to be reconsidered depending on the conclusion of RF session

Observation # 1
For Intra RAT handover requirements, according to TS38.133 Cluase 6.1.1 legacy NR handover requirements which indicate with 2RX capablity, regardless of which FR group is involved, all the interruption delay are setting with same building delay component. Interruption time: The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.

· NR FR1-FR1 handover
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
· NR FR2-FR1 handover
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
· NR FR1-FR2 handover
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms
· NR FR2-FR2 handover
Tinterrupt = Tsearch + TIU + Tprocessing + T∆ + Tmargin ms

· Proposal #1: Align all the Intra RAT NR handover requirements with similar delay requirement equation and separate discuss which delay component will be impacted by reduce 1RX regardless of FR group. 
Observation # 2
For Inter-RAT handover, since requirements are setting in sperate specifications, the principle for setting requirements will follow similar to the Intra RAT handover. 
· NR-EUTRAN handover
According to TS 38.133 Clasue 6.1.2 legacy requirements setting, handover requirements regardless which FR group are including bellowing components
Dhandover = TRRC_procedure_delay + Tsearch + TIU + 20 ms
· E-UTRAN-NR handover
According to TS 36.133 Cluase 5.3 legacy requirements setting, handover requirements from E-UTRAN to NR regardless FR group are including bellow components
Dhandover = TRRC_procedure_delay + Tsearch + TIU + Trs + Tprocessing + Tmargin ms
· Proposal #2: Align all the Inter RAT NR handover requirements with similar delay requirement equation and separate discuss which delay component will be impacted by reduce 1RX regardless of FR group. 

Observation# 3 
From all the delay component from Observation#1 and Observation #2
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell which will not be impacted by reduce 1Rx capaiblity 
Tprocessing  and Tmargin  sare both UE processing related delay component which will not be impacted by reduced 1Rx capability 
T∆ is the time for UE to have fine time tracking and full time information from the target cell which will not be impacted by reduced capability
Trs is the SMTC window being configured from the MeasObject
TRRC_procedure_delay   is RRC procedure delay which is 50 ms
Tsearch  is the time required to search the target cell which will most likely be impacted by 1Rx only
· Proposal #3: Introduce a new delay component parameter Tsearch-redcap for the setting requirements.

RRC Re-establishment
At last meeting impact on following parameters were identified for 1 Rx UE [1]:
	Following parameters need to be revisited:
· Tidentify_intra_NR, Tidentify_inter_NR,, 
· TSI-NR is discussed in performance part.



For 2 Rx UE, it was agreed to reuse the existing 2 Rx UE requirements.
In addition, following open issues remain open [1]:
· Whether to relax the lower bound in Max-function in RRC re-establishment delay for 1 Rx.
· Values of Tidentify_intra_NR, Tidentify_inter_NR based on the simulation results
It was proposed in [2] that the lower bound of the RRC re-establishment procedure delay shall not be relaxed since the UE is at this point suffering from poor network connection and trying to establish the connection again. We have similar view and therefore we support the option of reusing the existing lower bound for 1 Rx. 
· Proposal #4: The lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx.
Regarding the relaxation of Tidentify_intra_NR and Tidentify_inter_NR, our view is that no separate discussions are needed on the delay component related to the cell search, instead the outcome of cell detection performance study from CONNECTED can be reused. If they are extended, then a new parameter can be introduced, e.g. Tidentify_intra_NR,RedCap.
· Proposal #5: For FR1 and FR2, the outcome of the cell detection performance study from CONNECTED mode is used to determine whether Tidentify_intra_NR and Tidentify_inter_NR,I in the RRC re-establishment requirements are extended for RedCap UE with 1 rx.
For the impact on TSI-NR, since only a parameter is used in the core requirements there is no need to further discuss the exact value. Exact values are to be discussed in the performance part as per earlier agreement.

Random Access
The physical design and procedures of random access remain unchanged for RedCap. Therefore it is possible to apply the current requirements for RedCap UE operating in FD-FDD and TDD mode. However, HD-FDD mode is introduced in release 17 and needs careful consideration as explained below.  
· Proposal #6: Current RA requirements are applicable for RedCap UEs in FD-FDD and TDD mode. 

RA for HD-FDD UE
Before initiating the random access, the UE needs to be synchronized towards the target cell and SS/PBCH or TRS are used for performing the resynchronization (time/frequency tracking and AGC). Even if the UE is operating in half-duplex FDD (HD-FDD) mode, the gNB still operates in full-duplex FDD (FD-FDD) mode. Therefore overlapping between DL reception and UL transmission may occur for HD-FDD UE since it cannot perform both operations in parallel and gNB cannot always avoid such conflict with scheduling. As a consequence of the overlapping the UE may fail to perform the resynchronization before transmitting the random access preamble in Msg1 or MsgA, depending on the RA type. In addition the UE needs to perform a RSRP measurement before initiating the RA for selecting between 2-step RA and 4-step RA, if both RA types are configured. Since resynchronization is UE implementation specific, for instance what type of RS (SSB or TRS), the number of RS, and when it should receive those varies with the implementation. Therefore RAN4 should clarify that the UE is not expected to perform PRACH transmission in a cell if the UE cannot receive at least one SSB during the last Tp period before the PRACH transmission occasion, where exact value of Tp can be further discussed, e.g. Tp=160 ms, corresponding to the largest SSB periodicity. 

· Proposal #7: The RedCap UE operating in HD-FDD mode is not expected to perform PRACH transmission in a cell if UE has not received at least one SSB during the last Tp period in the cell, where
· Option 1: Tp=160 ms.
· Proposal #8: The RedCap UE operating in HD-FDD mode shall meet the PRACH requirements when performing PRACH transmission in a cell provided that the UE has received at least one SSB during the last Tp period before the PRACH transmission, where
· Option 1: Tp=160 ms.

Impact on measurement accuracy on RA
The RedCap UE may support 1 Rx or 2 Rx or different number of Rx depending on the operating band. The number of UE receivers (1 Rx or 2 Rx) will be RedCap UE capability. For example, one RedCap UE may indicate support for 1 Rx while another RedCap UE may indicate support for 2 Rx even for the same band. Therefore, in the same cell there can be RedCap UEs with some supporting 1 Rx or some supporting 2 Rx. Furthermore, in the same cell there can be RedCap UEs supporting 1 Rx as well as normal/legacy NR UEs supporting 2 Rx.  RAN4 has agreed to study the RRM measurement performance for the 1 Rx case [4]. We have provided our simulation results in a companion paper [5] where a considerably higher measurement variance is observed with 1 Rx compared to 2 Rx. Thus discussions are ongoing to relax RSRP accuracy requirements for 1 Rx UE compared to 2 Rx UE, e.g. relaxation by 1.5 dB – 2 dB can be considered. 
According to current procedures RSRP-based thresholds are used in various requirements such as RA. For instance, in current RA requirements, when both 4-step RA and 2-step RA are configured then the UE selects 2-step RA if the RSRP of the reference SSB is above RSRP threshold (msgA-RSRP-Threshold); otherwise the UE selects 4-step RA. Since all legacy UEs support 2 Rx therefore RSRP measurements are performed with 2 Rx, therefore only a single RSRP threshold is enough for the RA selection or for any other procedure using RSRP threshold. However, since there will be some UEs operating with both 1 Rx (RedCap UEs) and 2 Rx (e.g. legacy NR UEs) in same cell, therefore two different RSRP thresholds would be needed to avoid network performance degradation. Figure 1 shows an example of single RSRP threshold for RA-type selection. In this example, 2Rx UE can select 4-step RA because the measured SS-RSRP does not exceed the RSRP threshold even considering the measurement errors. However 1Rx UE may choose 2-step RA because the measured SS-RSRP may exceed the threshold because of overestimation and this probability is much higher than the case of 2Rx from the simulation results.  


[bookmark: _Ref92378052]Figure 1	RA-type selection based on single RSRP threshold.
At least in RRC idle/inactive states the gNB needs to signal two different RSRP thresholds. The RSRP threshold range can be the same for both cases. When comparing to Cat-M or NB-IoT, all those UEs were operating with 1 Rx and thus a single threshold was used which is derived based on the 1 Rx measurement performance. RedCap, on the other hand, may need two different RSRP thresholds that are derived and configured by gNB based on 1 Rx- and 2 Rx measurement accuracy performance as illustrated in Figure 2. 


[bookmark: _Ref92378480]Figure 2	RA-type selection based on per-Rx RSRP threshold. 

Following list of RSRP based thresholds are used in legacy NR requirements and need new thresholds based on 1 Rx measurement performance: rsrp-ThresholdSSB, rsrp-ThresholdCSI-RS, msgA-RSRP-ThresholdSSB, msgA-RSRP-Threshold.
Since thresholds are discussed in RAN2, RAN4 should inform RAN2 about the need to introduce a separate RSRP thresholds for RedCap 1 Rx UE in procedures that depend on RSRP thresholds. Thus a draft LS is also provided in Annex.

· Observation #4: RSRP based thresholds assuming 2 Rx UEs are used in various procedures in current specification including: rsrp-ThresholdSSB, rsrp-ThresholdCSI-RS, msgA-RSRP-ThresholdSSB, msgA-RSRP-Threshold.  
· Observation #5: RSRP measurement accuracy is considerably degraded for 1 Rx UE compared to 2 Rx UE for RedCap. 
· Proposal #9: Inform RAN2 about the need to introduce separate RSRP thresholds for RedCap UE with 1 Rx in procedures that depend on RSRP based thresholds such as RA.

Impact on RedCap UE early indication
RAN1/RAN2 agreed to introduce RedCap UE early indication at random access procedure so that gNB can differentiate RedCap UE and non-RedCap UE. According to the agreements, RedCap UE can perform early indication with Msg1 or Msg3. In the case of Msg1-based early indication, RAN2 has confirmed both dedicated random access occasion (RO) and dedicated PRACH preamble can be supported from signaling point of view. In the case of Msg3-based early indication, RAN2 agreed UE use the dedicated LCID to indicate RedCap UE in Msg3. 
Although RAN2 is still discussing the detailed procedures and conditions for the early indication, we think it is necessary to capture the agreed procedure in TS38.133 6.2.2. 
· Observation #6: RAN1/RAN2 agreed to introduce RedCap UE early indication in Msg1 and Msg3 for 4-step RA type and in MsgA for 2-step RA type. 
· Proposal #10: RAN4 capture the RedCap UE early indication procedure in TS38.133 6.2.2 after RAN2 conclude the procedures. 


RRC Connection Release with Redirection
Good progress was reached on the requirements for RRC connection release with redirection at last meeting. However, there are some open issues which are discussed below.
One of the open issues is related to prioritization between DL and UL for HD-FRDD UE during the RRC connection release with redirection requirements as shown below [1]:
	RAN4 to reuse the conclusion from corresponding  requirements for HD-FFD in HO requirements. 
· Option 1: RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE in RRC redirection requirement.



Our view is that option 1 lacks clarity and raises new questions, e.g. whether the prioritization in option 1 applies during the entire cell search procedure. We support the option of reusing the approach from LTE cat-M for HD-FDD UE. The LTE cat-M approach allows more flexibility to the UE and implementation as this method only states the condition for the UE to perform the necessary measurements while the rest is up to the implementation. For example, some UE may not measure continuously during the entire duration while some implementation may do the measurements more frequently, etc.  Therefore, we propose the define the conditions as follows:
· Proposal #11: The HD-FDD UE shall meet the RRC connection release with redirection requirements provided the following is met:
· SSB is available at the UE once every SMTC period during Tsearch.

Other open issues are:
· Whether to relax the lower bound in Max-function in RRC re-establishment delay for 1 Rx. 
· Values of Tidentify_intra_NR, Tidentify_inter_NR based on the simulation results
Similar to the discussion in RRC re-establishment delay, we also support the option of reusing the lower bound in the MAX function in the RRC connection release with redirection requirements instead of allowing any relxation. 
· Proposal #12: The lower boundary in Max function for RRC connection release with redirection requirement shall not be changed for RedCap UE with 1Rx.

Similar to the discussion in RRC re-establishment delay, our view is that no separate discussions are needed, instead the outcome of cell detection performance study from CONNECTED can be reused. If they are extended, then a new parameter can be introduced, e.g. Tidentify-NR,RedCap.
· Proposal #13: For FR1 and FR2, the outcome of the cell detection performance study from CONNECTED mode is used to determine whether Tidentify-NR in the RRC connection release with redirection requirements are extended for RedCap UE with 1 rx.

Small data transmissions for RedCap
At last meeting RAN4 reached an agreement to support small data transmissions (SDT) for RedCap in release 17, see below [6]:
	For the above two features, RAN4 will also define additional requirements specific to RedCap.
In addition, RAN4 will also define RRM requirements for Small data transmissions (SDT) in release 17 for RedCap capable UEs.



The requirements for small data transmission are being discussed in Rel-17 WI on SDT. However, some aspects specific to RedCap are not being discussed currently under Rel-17 SDT WI and therefore we propose to discuss those issues under RedCap. The first aspect is related to 1 Rx measurements and second aspect is related to HD-FDD operation. 
For CG-SDT transmissions the UE needs to validate TA based on relative change of two different RSRP measurements and RAN4 is currently discussing the conditions for those measurements in SDT WI. Two time-windows (time ranges) are being discussed to define validity of measurements. The methods from SDT discussions can be reused for RedCap, however, the formula needs to be updated to reflect RedCap measurement times.
· Proposal #14: Time windows defining the valid measurements used for TA validation are reused from Rel-17 SDT discussions but need to be updated to reflect the RedCap 1 Rx measurement times.
· Proposal #15: SDT requirements for RedCap UE with 2 Rx are reused from those defined for legacy NR UEs under Rel-17 SDT WI.
In addition, since the HD-FDD UE cannot receive and transmit simultaneously, situations could arise where the paging reception and CG-SDT transmission overlap partly or fully in time. Since there might be UEs of different duplex modes in the same cell, it is not always possible to avoid such collision by the gNB and specification should be clear on what operation shall be prioritized when collision occurs. Our view is that paging reception are more important than SDT data and UE shall therefore not miss the paging reception even if paging reception is colliding with CG-SDT transmission in time.
· Proposal #16: When there is an overlap between paging reception and CG-SDT transmission occasion in time domain for a HD-FDD UE, the UE shall not miss the paging reception and the UE is allowed to drop the CG-SDT transmission.
 
Summary
In this contribution we have discussed the mobility requirements for RedCap. We have analyzed the impact on handover, RRC re-establishment, random access and RRC connection release with redirection, and made following observations and proposals:
· Proposal #1: Align all the Intra RAT NR handover requirements with similar delay requirement equation and separate discuss which delay component will be impacted by reduce 1RX regardless of FR group. 

· Proposal #2: Align all the Inter RAT NR handover requirements with similar delay requirement equation and separate discuss which delay component will be impacted by reduce 1RX regardless of FR group. 
· Proposal #3: Introduce a new delay component parameter Tsearch-redcap for the setting requirements.
· Proposal #4: The lower boundary in Max function for reestablishment delay requirement shall not be changed for RedCap UE with 1Rx.
· Proposal #5: For FR1 and FR2, the outcome of the cell detection performance study from CONNECTED mode is used to determine whether Tidentify_intra_NR and Tidentify_inter_NR,I in the RRC re-establishment requirements are extended for RedCap UE with 1 rx.
· Proposal #6: Current RA requirements are applicable for RedCap UEs in FD-FDD and TDD mode. 
· Proposal #7: The RedCap UE operating in HD-FDD mode is not expected to perform PRACH transmission in a cell if UE has not received at least one SSB during the last Tp period in the cell, where
· Option 1: Tp=160 ms.
· Proposal #8: The RedCap UE operating in HD-FDD mode shall meet the PRACH requirements when performing PRACH transmission in a cell provided that the UE has received at least one SSB during the last Tp period before the PRACH transmission, where
· Option 1: Tp=160 ms.
· Proposal #9: Inform RAN2 about the need to introduce separate RSRP thresholds for RedCap UE with 1 Rx in procedures that depend on RSRP based thresholds such as RA.
· Proposal #10: RAN4 capture the RedCap UE early indication procedure in TS38.133 6.2.2 after RAN2 conclude the procedures. 
· Proposal #11: The HD-FDD UE shall meet the RRC connection release with redirection requirements provided the following is met:
· SSB is available at the UE once every SMTC period during Tsearch.
· Proposal #12: The lower boundary in Max function for RRC connection release with redirection requirement shall not be changed for RedCap UE with 1Rx.
· Proposal #13: For FR1 and FR2, the outcome of the cell detection performance study from CONNECTED mode is used to determine whether Tidentify-NR in the RRC connection release with redirection requirements are extended for RedCap UE with 1 rx.
· Proposal #14: Time windows defining the valid measurements used for TA validation are reused from Rel-17 SDT discussions but need to be updated to reflect the RedCap 1 Rx measurement times.
· Proposal #15: SDT requirements for RedCap UE with 2 Rx are reused from those defined for legacy NR UEs under Rel-17 SDT WI.
· Proposal #16: When there is an overlap between paging reception and CG-SDT transmission occasion in time domain for a HD-FDD UE, the UE shall not miss the paging reception and the UE is allowed to drop the CG-SDT transmission.
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1. Overall Description:
RAN4 has studied RSRP measurement performance for RedCap UE with 1 Rx and has found that the measurement accuracy is degraded by [1.5 dB – 2.0 dB] for 1 Rx UE compared to 2 Rx UE. The RedCap UEs supporting 1 Rx may coexist with legacy NR UEs supporting 2 Rx in the same cell. Therefore, RAN4 has further discussed its impact and identified the need to introduce separate RSRP based threshold for RedCap UE supporting 1 Rx for a procedure based on comparison of the RSRP with RSRP threshold. The range of the new RSRP threshold for RedCap UE supporting 1 Rx can be the same as used for the existing RSRP threshold for the UEs with 2 Rx UE i.e. legacy NR UE or RedCap UE supporting 2 Rx.
RAN4 therefore kindly request RAN2 to introduce signaling support to configure separate RSRP thresholds for RedCap UE with 1 Rx for following list of thresholds which are used in their current specifications e.g. TS 38.331, TS 38.321 etc:
· rsrp-ThresholdSSB, 
· rsrp-ThresholdCSI-RS, 
· msgA-RSRP-ThresholdSSB, 
· msgA-RSRP-Threshold.


2. To RAN WG2 group. 
ACTION: 	RAN4 respectfully asks RAN2 to:
· Introduce signaling support to configure separate RSRP based thresholds for RedCap UE supporting 1 Rx for following list of thresholds: 
· rsrp-ThresholdSSB, 
· rsrp-ThresholdCSI-RS, 
· msgA-RSRP-ThresholdSSB, 
· msgA-RSRP-Threshold.
· The range of the RSRP threshold for RedCap UE supporting 1 Rx can be the same as used for the existing RSRP threshold for the UEs with 2 Rx UE i.e. legacy NR UE.

3. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN4 Meeting #102-e								 	21 February – 3 March 2022, Electronic Meeting
TSG-RAN4 Meeting #103-e								 			     	16 – 27 May 2022, Electronic Meeting
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