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RAN4 has discussed the impact on RRM requirements due to UE complexity reduction for last two meetings. At last meeting specification impact to the following mobility requirements were identified [1]:
· Handover,
· RRC re-establishment
· Random Access
· RRC connection release with redirection  
In this contribution we discuss the detailed requirements for the above procedures for RedCap UE with 1 receive antenna and provide our view. 
Discussion
Handover
The handover requirements in [2] comprise two components: Dhandover and Tinterrupt.
Dhandover is RRC processing delay defined in TS 38.331. 
Tinterrupt is the maximum allowed interruption time allowed during the handover and is defined as follows for intra-frequency and inter-frequency handover [2]:
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where
· 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.
· T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs.
· Tprocessing is time for UE processing.
· Tmargin is time for SSB post-processing
· 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.
· Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing.
According to RAN2 agreements, the RRC processing delay from legacy NR is reused for RedCap UEs with 1 and 2 receive branches, and thus no impact on expected for RedCap.
· Observation #1: RRC processing delay for RedCap is reused from rel-15 NR.   
Out of the other delay components in Tinterrupt, only Tsearch might be impacted due to 1 rx. No impact is expected on Tmargin, TIU, T∆ and Trs. Regarding Tsearch, RAN4 is currently studying the cell detection performance for RedCap 1 rx UE, whether Tsearch is extended for RedCap 1 rx UE shall be decided based on the outcome of that simulation study. For the RedCap UE with 2 rx, the existing requirements on Tsearch  is reused as agreed at previous meeting.
· Observation #2: Out of the delay components in HO requirements, only the time required to search the target cell (Tsearch) might be impacted due to 1 rx for RedCap.
· Proposal #1: The outcome of the cell detection performance study is used to determine whether the Tsearch in handover requirements is extended for RedCap 1 rx UE.
The current specification contains handover requirements for following types of handovers:
· NR FR1 - NR FR1 Handover
· NR FR2- NR FR1 Handover
· NR FR2- NR FR2 Handover
· NR FR1- NR FR2 Handover
· NR – E-UTRAN Handover
Our view is to support the same types of handvoers also for the RedCap UEs. Thus following proposal is made:
· Proposal #2: RAN4 to develop the handover requirements for RedCap with 1 rx and 2 rx for following types of handovers:
· NR FR1 - NR FR1 Handover
· NR FR2- NR FR1 Handover
· NR FR2- NR FR2 Handover
· NR FR1- NR FR2 Handover
· NR – E-UTRAN Handover

The inter-RAT handover to E-UTAN is defined similar to NR as shown above, but Tinterrupt is defined differently as shown below [2]:
Tinterrupt = Tsearch + TIU + 20 ms
For the inter-RAT handover, following the agreement from previous meeting RAN4 shall reuse the requirements (Tsearch and TIU) from existing specification TS 38.133 and cat-1bis requirements from TS 36.133 for RedCap UE with 2 rx and 1 rx respectively.
· Proposal #3: For inter-RAT handover to E-UTRAN, the existing requirements from TS 38.133 and cat-1bis requirements in TS 36.133 are reused for RedCap UE with 2 rx and 1 rx respectively. 
It is further FFS whether conditional handover (CHO) is going to be supported for RedCap [3]. Therefore RAN4 discussions related to CHO should be postponed.
· Proposal #4: RAN4 discussions on CHO requirements for RedCap should be postponed.

RRC Re-establishment
The RRC re-establishment requirements are defined in terms of maximum time within with the UE shall be capable of sending RRCReestablishmentRequest message upon UE detects a loss in RRC connection. The maximum time is defined as follows [2]:

TUL_grant is the time required to acquire and process uplink grant from the target PCell and  comprises multiple delay components as show below [2]:

where
· Tidentify_intra_NR: the  time required to identify the target intra-frequency NR cell
· Tidentify_inter_NR,i: the time required to identify the target inter-frequency NR cell
· 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. 
· Nfreq: It is the total number of NR frequencies to be monitored for RRC re-establishment;
In the formula above, it is expected that Tidentify_intra_NR, Tidentify_inter_NR,I and TSI-NR are impacted due to due to 1 rx operation. For the Tsearch parts (intra- and inter-frequency), RAN4 is currently studying the cell detection performance for RedCap 1 rx UE, whether Tsearch is extended for RedCap 1 rx UE shall be decided based on the outcome of that simulation study. The current definitions of known/ unknown cells as well as side conditions can be reused for RedCap. Regarding the impact on TSI-NR, RAN4 agreed on simulation assumptions at last meeting to study the potential impact due to 1 rx operation. The outcome of that study should be used for deciding whether TSI-NR is extended for RedCap 1 rx UE.  
· Observation #3: Out of the delay components in RRC re-establishment requirements, Tidentify_intra_NR, Tidentify_inter_NR,I and TSI-NR might be impacted due to 1 rx operation for RedCap. 
· Observation #4: Current definitions of known/unknown cells and side conditions in the RRC re-establishment requirements can be reused for RedCap. 
· Proposal #5: The outcome of the cell detection performance study 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: The outcome of the PBCH detection performance study is used to determine whether TSI-NR in the RRC re-establishment requirements is extended for RedCap UE with 1 rx.

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 #7: 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. 

· Proposal #8: 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 #9: 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 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 bias 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 used 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, e.g. UEs incorrectly selecting 4-step RA instead 2-step RA and vice versa, avoiding coverage holes etc. 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. 

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, rsrp-ThresholdSSB-SUL, 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 #5: RSRP based thresholds assuming 2 Rx UEs are used in various procedures in current specification including: rsrp-ThresholdSSB, rsrp-ThresholdCSI-RS, msgA-RSRP-ThresholdSSB, rsrp-ThresholdSSB-SUL, msgA-RSRP-Threshold.  
· Observation #6: RSRP measurement accuracy is considerably degraded for 1 Rx UE compared to 2 Rx UE for RedCap. 
· Proposal #10: 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.

RRC Connection Release with Redirection
Current specification contains requirements for RRC connection release with redirection to NR and E-UTRAN cells. After receiving the last slot containing the RRCRelease message, the UE shall transmit the random access on the target cell within Tconnection_release_redirect_NR for NR cell and within Tconnection_release_redirect_E-UTRA for E-UTRA cell where [2]:
	Tconnection_release_redirect_NR = TRRC_procedure_delay + Tidentify-NR + TSI-NR + TRACH
	Tconnection_release_redirect_E-UTRA = TRRC_procedure_delay + Tidentify-E-UTRA + TSI-E-UTRA + TRACH
Similar to the earlier discussions on handover and RRC re-establishment, TRRC_procedure_delay is not impacted due to RedCap as per RAN2 agreements. However, Tidentify-NR and Tidentify-E-UTRA might be impacted due to 1 rx. RAN4 is currently studying the cell detection performance for 1 rx and the outcome of that study can be used to decide whether the Tidentify-NR is extended. However, for the RRC connection release with redirection to E-UTRA cell, Tidentify-E-UTRA and TSI-E-UTRA requirements from the existing specifications in TS 38.133 and cat-1bis requirements in TS 36.133 are reused for 2 rx and 1 rx UE respectively.  
TRACH  is the delay uncertainty in acquiring the first available PRACH occasion in the target NR cell. For the redirection to E-UTRA cell, TRACH is the delay caused due to the random access procedure when sending random access to the target E-UTRA cell. In both cases, no impact is expected on these parameters due to 1 rx operation since the physical design of RACH is same as in legacy NR.  
· Observation #7: Out of the delay components in RRC connection release with redirection requirements, Tidentify-NR and TSI-NR might be impacted due to 1 rx operation for RedCap when target cell is a NR cell. 
· Observation #8: Out of the delay components in RRC connection release with redirection requirements, Tidentify-E-UTRA and TSI-E-UTRA might be impacted due to 1 rx operation for RedCap when target cell is a E-UTRA cell. 
· Proposal #11: The outcome of the cell detection performance study is used to determine whether Tidentify-NR in the RRC connection release with redirection to NR cell requirements needs to be extended for RedCap UE with 1 rx.
· Proposal #12: The outcome of the PBCH detection performance study is used to determine whether TSI-NR in the RRC connection release with redirection to NR cell requirements needs to be extended for RedCap UE with 1 rx.
· Proposal #13: For the RRC connection release with direction to E-UTRA cell,  Tidentify-E-UTRA and TSI-E-UTRA from existing specification in TS 38.133 and cat-1bis requirements in TS 36.133 are reused for 2 rx and 1 rx UE respectively.  

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:
· Observation #1: RRC processing delay for RedCap is reused from rel-15 NR.   
· Observation #2: Out of the delay components in HO requirements, only the time required to search the target cell (Tsearch) might be impacted due to 1 rx for RedCap.
· Proposal #1: The outcome of the cell detection performance study is used to determine whether the Tsearch in handover requirements is extended for RedCap 1 rx UE.
· Proposal #2: RAN4 to develop the handover requirements for RedCap with 1 rx and 2 rx for following types of handovers:
· NR FR1 - NR FR1 Handover
· NR FR2- NR FR1 Handover
· NR FR2- NR FR2 Handover
· NR FR1- NR FR2 Handover
· NR – E-UTRAN Handover
· Proposal #3: For inter-RAT handover to E-UTRAN, the existing requirements from TS 38.133 and cat-1bis requirements in TS 36.133 are reused for RedCap UE with 2 rx and 1 rx respectively. 
· Proposal #4: RAN4 discussions on CHO requirements for RedCap should be postponed.
· Observation #3: Out of the delay components in RRC re-establishment requirements, Tidentify_intra_NR, Tidentify_inter_NR,I and TSI-NR might be impacted due to 1 rx operation for RedCap. 
· Observation #4: Current definitions of known/unknown cells and side conditions in the RRC re-establishment requirements can be reused for RedCap. 
· Proposal #5: The outcome of the cell detection performance study 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: The outcome of the PBCH detection performance study is used to determine whether TSI-NR in the RRC re-establishment requirements is extended for RedCap UE with 1 rx.
· Proposal #7: Current RA requirements are applicable for RedCap UEs in FD-FDD and TDD mode. 
· Proposal #8: 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 #9: 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.

· Observation #5: RSRP based thresholds assuming 2 Rx UEs are used in various procedures in current specification including: rsrp-ThresholdSSB, rsrp-ThresholdCSI-RS, msgA-RSRP-ThresholdSSB, rsrp-ThresholdSSB-SUL, msgA-RSRP-Threshold.  
· Observation #6: RSRP measurement accuracy is considerably degraded for 1 Rx UE compared to 2 Rx UE for RedCap. 
· Proposal #10: 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.
· Observation #7: Out of the delay components in RRC connection release with redirection requirements, Tidentify-NR and TSI-NR might be impacted due to 1 rx operation for RedCap when target cell is a NR cell. 
· Observation #8: Out of the delay components in RRC connection release with redirection requirements, Tidentify-E-UTRA and TSI-E-UTRA might be impacted due to 1 rx operation for RedCap when target cell is a E-UTRA cell. 
· Proposal #11: The outcome of the cell detection performance study is used to determine whether Tidentify-NR in the RRC connection release with redirection to NR cell requirements needs to be extended for RedCap UE with 1 rx.
· Proposal #12: The outcome of the PBCH detection performance study is used to determine whether TSI-NR in the RRC connection release with redirection to NR cell requirements needs to be extended for RedCap UE with 1 rx.
· Proposal #13: For the RRC connection release with direction to E-UTRA cell,  Tidentify-E-UTRA and TSI-E-UTRA from existing specification in TS 38.133 and cat-1bis requirements in TS 36.133 are reused for 2 rx and 1 rx UE respectively.  
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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, 
· rsrp-ThresholdSSB-SUL, 
· 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, 
· rsrp-ThresholdSSB-SUL, 
· 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 #101-bis-e											17 - 25 January 2022, Electronic Meeting
TSG-RAN4 Meeting #102-e								 	21 February – 3 March 2022, Electronic Meeting
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