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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In this contribution we discuss the general requirements for RedCap that applies in all RRC states based on the open issues identified [1]. In addition, we also discuss the received RAN1 LS on use of NCD-SSB for RRM requirements. 
2. Discussions
2.1 Measurement capability
There is an open issue related to measurement capability concerning whether the measurement capability can be reduced for RedCap, see [1]:

	Measurement capability requirements
Whether measurement capability may have to be reduced
FFS whether to reduce the number cells/layers/frequencies/SSBs to be monitored/measured by RedCap UEs.



The measurement capability discussions can be divided into two parts, IDLE/INACTIVE and CONNECTED, since the requirements are separately defined. The motivation for reducing the measurement capability is that there is no CA or DC support for RedCap in release 17 and therefore the current which are defined assuming CA and DC can be relaxed. For the similar motivation, the LTE cat-M measurement capability requirements were relaxed compared to legacy LTE requirements since cat-M did not have any CA or DC support. It shall be noted that LTE cat-M had less mobility support (in terms of Doppler) compared to legacy LTE and it did not support inter-RAT mobility whereas RedCap is to support same UE speed as legacy NR and also supports inter-RAT to LTE. Therefore our view is that a certain level of relaxation can be motivated but the UE should still be able to monitor sufficient number of carriers to support mobility. The existing requirements on UE measurement capability is defined as follows [2]:
	-	Intra-frequency carrier, and
-	Depending on UE capability, 7 NR inter-frequency carriers, and
-	Depending on UE capability, 7 FDD E-UTRA inter-RAT carriers, and
-	Depending on UE capability, 7 TDD E-UTRA inter-RAT carriers.
In addition to the requirements defined above, a UE supporting E-UTRA measurements in RRC_IDLE state shall be capable of monitoring a total of at least 14 carrier frequency layers, which includes serving layer, comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR layers.



· Observation 1: RedCap to support same UE speed as Release 15 NR.
· Observation 2: Unlike LTE cat-M, RedCap supports inter-RAT mobility to LTE.

Based on the above observations, we propose that the RedCap IDLE/INACTIVE state measurement capability is defined as follows:
· Proposal 1: The RedCap UE shall be capable of monitoring at least: 
· Intra-frequency carrier, and
· Depending on UE capability, 5 NR inter-frequency carriers, and
· Depending on UE capability, 5 FDD E-UTRA inter-RAT carriers, and
· Depending on UE capability, 5 TDD E-UTRA inter-RAT carriers.
A total of 10 carrier frequency layers, which includes serving layer, comprising of any above defined combinations of E-UTRA FDD, E-UTRA TDD and NR layers. 

The existing requirements for the standalone scenario in CONNECTED state is defined as follows [2]:
	If a UE is configured with SA NR operation mode, the UE shall be capable of monitoring at least:
-	Depending on UE capability, 7 NR SSB inter-frequency carriers configured by PCell, and
-	Depending on UE capability, 8 NR inter-frequency carriers including SSB and CSI-RS in total configured by PCell, and
-	Depending on UE capability, 7 E-UTRA TDD inter-RAT carriers configured by PCell, and
-	Depending on UE capability, 7 E-UTRA FDD inter-RAT carriers configured by PCell, and
-	Depending on UE capability, 3 UTRA FDD inter-RAT carriers configured by PCell, and
-	Depending on UE capability, 1 E-UTRA FDD inter-RAT carrier for RSTD measurements configured via LPP [22], and
-	Depending on UE capability, 1 E-UTRA TDD inter-RAT carrier for RSTD measurements configured via LPP [22].
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least [13] effective carrier frequency



Based on the same arguments as for IDLE mode, we make following proposal for the CONNECTED mode measurement capability:
· Proposal 2: The RedCap UE shall be capable of monitoring at least: 
· Depending on UE capability, 5 NR SSB inter-frequency carriers configured by PCell, and
· Depending on UE capability, 6 NR inter-frequency carriers including SSB and CSI-RS in total configured by PCell, and
· Depending on UE capability, 5 E-UTRA TDD inter-RAT carriers configured by PCell, and
· Depending on UE capability, 5 E-UTRA FDD inter-RAT carriers configured by PCell, and
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least [9] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, and E-UTRA TDD.

2.2 RRM impact on using RedCap specific BWP

RAN1 LS on using of NCD-SSB for RedCap UE:
RAN4 has received a LS from RAN1 related to use of NCD-SSB instead of CD-SSB for RedCap UE with multiple questions raised regarding feasibility of using NCD-SSB in RRM requirements [3]. The questions directly to RAN4 questions are discussed below.
1. [RAN2/4] whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC

It is feasible, in our view, to use NCD-SSB for performing all the serving and non-serving cell measurements in IDLE, INACTIVE and CONNECTED states provided that NCD-SSB is ‘QCL’-ed with CD-SSB. Under the assumption that NCD-SSB and CD-SSB is ‘QCL’-ed, the existing requirements defined for the serving and non-serving cell measurements in IDLE, INACTIVE and CONNECTED state based on CD-SSB can be reused for 2 Rx UE. For 1 Rx UE some relaxation in requirements is expected compared to the those for 2 Rx UE. But the relaxation is related to the number of Rx antennas and not linked to NCD-SSB. 


1. [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE

It is feasible, in our view, to use NCD-SSB as QCL source of other DL channels/signals and spatial relation for UL channels/signals in idle, inactive and/or connected mode in the initial/non-initial DL RedCap UE provided that NCD-SSB and CD-SSB are ‘QCL’-ed. 

1. [RAN2] whether/when the PCIs indicated by the NCD-SSB and CD-SSB can be the same/different, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE

Question to RAN2.

1. [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE

It is noted that the current IDLE, INACTIVE and CONNECTED mode requirements in TS 38.133 are scaled on the reference signal periodicity and thus no impact is expected due to different transmission periodicity of NCD-SSB compared to CD-SSB.  For example, scaling factors M1 and M2 are used in IDLE/INACTIVE mode requirements which further depend on the SMTC periodicity. This means the serving cell evaluation delay as well as neighbour measurement requirements are scaled with the SMTC periodicity. Other measurement requirements that rely on SSB reception are also defined based on similar scaling factor in IDLE, INACTIVE and CONNECTED mode. Therefore we don’t see any impact on RRM if CD-SSB and NCD-SSB have different transmission periodicities. 

However, it may be beneficial for the UE to assume same TX power on both CD-SSB and NCD-SSB in case UE wants to use them for different purposes. Furthermore, the block indexes of NCD-SSB and CD-SSB can be same or different according Rel-15 NR. However, the QCL-property between NCD-SSB and CD-SSB cannot be maintained if they are different. 



1. [RAN2/4] whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs

The UE is expected to follow the legacy NR procedure for cell search which is based on CD-SSB containing CORESET#0 located at the channel raster. The NCD-SSB is used after the initial access when the UE is moved to non-initial DL RedCap BWP. This way the RedCap UE can operate in existing NW deployements without modifying the way CD-SSB or NCD-SSB are transmitted. Therefore we don’t see any need to limit the configurations (e.g. frequency locations, periodicity) for NCD-SSB with respect to Rel-15 NR.


1. [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation

Even if periodic CSI-RS resources are configured the cell detection is still based on SSB. Furthermore, CSI-RS based mobility requirements are applicable under the following constrains (section 9.10.2.5, 38.133):

· “For a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, or if CSI-RS is configured with associated SSB but not QCL-ed to the associated SSB, the UE is not required to monitor the corresponding CSI-RS resource.”

The UE will have to frequently retune to CD-SSB causing significant and frequent interruption resulting performance degradation since cell detection is always based on CD-SSB. Therefore, periodic CSI-RS is not a viable alternative of SSB in the non-initial BWP of RedCap. Use of measurement gaps for the RF retuning may not be possible since non-initial BWP of RedCap UE can be configured in IDLE state. 


1. [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity

Larger periodicity will not impact existing RRM requirements since they are defined as function of reference signal periodicity (SMTC periodicity). UE transmit timing error (Te) requirements are applicable provided SSB is available once every 160 ms. Therefore, if larger NCD-SSB periodicity is configured the UE does not need to retune to CD-SSB. When the UE is configured large DRX cycles it should have sufficient time to reunte to initial BWP and receive CD-SSB without causing significant interruptions. 


1. [RAN2/4] any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement

Based on the above discussions, following observations are made:
· Observation 3: RF retuning time for retuning between non-initial/initial DL BWP of RedCap and initial BWP is significantly shorter compared to legacy BWP switching delay.

· Observation 4: Current RRM requirements are scaled with the reference signal periodicity, thus no impact is expected due to lare NCD-SSB periodicity.

· Observation 5: Assuming that NCD-SSB and CD-SSB are ‘QCL’-ed, it is feasible to use NCD-SSB in serving- and non-serving cell measurements.

· Observation 6: RAN4 may have to introduce an applicability rule specifying the QCL relation between NCD-SSB and CD-SSB for the RRM requirements to apply

· Observation 7: It may be beneficial assume same TX power on both CD-SSB and NCD-SSB. 
Based on the above discussions to the questions, a draft LS is provided in Annex.

[bookmark: _Hlk85664876]BWP reconfiguration for initial DL BWP of RedCap UE
Since CD-SSBs may not be transmitted in the RedCap configured initial BWP, the UE may have to perform RF retuning in order to switch to different BWP (e.g. initial BWP) to receive those signals. The assumption in existing BWP switching delay requirements defined in section 8.6 is that BWP swithing includes changing of SCS, RRC configuration and other other baseband related parameters.  However, in the case of performing RF retuning from RedCap BWP to initial BWP for receiving CD-SSB (or any other reference signals), only the center-frequency of the receiver is changed while other parameters remain unchanged. Therefore the RF retuning can be performed in shorter time compared to the BWP switching delays defined in section 8.6 and this leads to reduced interruption. RAN4 has studied the BWP switching delays in detail comprising changing of all and subset of parameters involved in BWP switching and outcome was summarized in [4]:
	Scenario 1: The reconfiguration involves changing the center frequency of the BWP without changing its BW. The reconfiguration may or may not involve changing the SCS.
Scenario 2: The reconfiguration involves changing the BW of the BWP without changing its center frequency. The reconfiguration may or may not involve changing the SCS.
Scenario 3: The reconfiguration involves changing both the BW and the center frequency of the BWP. The reconfiguration may or may not involve changing the SCS.
Scenario 4: The reconfiguration involves changing only the SCS, where the center frequency and BW of the BWP remain unchanged.



The BWP switching delay when only the center-frequency is changed can be derived from the difference between delays in scenario 1 and 4 which gives delays as shown in Table 1.

· Proposal 3:  BWP reconfiguration (BWP switching) delay involving only changing of the center-frequency of the BWP without changing its BW, SCS or any other parameter for RF retuning between non-initial DL BWP for RedCap and initial BWP for RedCap is defined as follows: 

	Frequency Range
	Type 1 Delay (us)
	Type 2 Delay (us)

	1
	200
	1050

	2
	200
	1050


Table 1BWP reconfiguration delay involving only changing of center-frequency.

Similar to the legacy BWP switching delay requirements, the UE is not expected to transmit or receive signals during the BWP reconfiguration delay. However, in long DRX cycle (e.g. above 640 ms) there should be no interruption or scheduling restriction during the ON duration if the UE has to switch between non-initial DL BWP and initial DL BWP.
· Proposal 4: As a general rule scheduling restriction shall apply during the BWP reconfiguration delay in Table 1. 
· Proposal 5: When DRX cycle is longer than 640 ms then no scheduling restriction or interruption is allowed due to switching between non-initial DL BWP and initial DL BWP. 
· RAN4 to further discuss to express the delay in number of slots.

Impact on HD-FDD UE 
At last meeting RAN4 had high-level discussions on prioritization of signals for HD-FDD UE based on following proposals [1]:
	Whether UE measurements are always prioritized over UL for HD-FDD
· Proposal 1 (CMCC, Ericsson): Further study needed.
· Proposal 1a (Ericsson): Depends on ongoing RAN1 discussions.
· Proposal 2 (Xiaomi, Huawei, Apple): RRM DL measurement is prioritized over the UL transmission of HD-FDD for RedCap UE.
· Proposal 3 (Apple, Nokia): Measurement gap is prioritized over the UL transmission of HD-FDD for RedCap UE, i.e., no UL transmission due to HD-FDD is allowed during MG duration.
· Proposal 4 (Huawei, Vivo): It is suggested to further clarify the priority of SMTC and uplink transmission for RedCap UE with HD-FDD.
· Proposal 5 (MTK, Qualcomm, Nokia): Support introducing scheduling availability restriction on 5G NR RedCap UEs performing measurements in HD-FDD bands.



It shall be noted RAN1 has also discussed the prioritization rules between DL reception and UL transmission for HD-FDD and reached good progress, see [2]. Based on these agreements, no further discussion is needed on the above proposals. However, some clarification may be needed for IDLE mode as explained below. 
In RRC IDLE/INACTIVE states the UE performs paging reception. In order to receive paging message, the UE needs to be synchronized towards the serving 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. One consequence of this overlapping would be that the UE may fail to perform the resyncrhonization before receiving paging. 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 expected to meet the requirements on paging reception (i.e. receive paging if sent) provided that at least one SSB is available at the UE during the last T1 period, where exact value of T1 can be further discussed, e.g. T1=160 ms. This is reasonable time to retain the acquired timing and AGC.
· Proposal 6: The RedCap UE operating in HD-FDD mode shall receive paging (if transmitted) in a seving cell provided that at least one SSB is available at the UE in the serving cell during the last T1 duration, where
· Option 1: T1=160 ms.

Interruptions
At last meeting RAN4 had high-level discussions on interruptions in IDLE mode aand following options were identified [1]:
	Impact on interruption requirements in IDLE/INACTIVE states
· Option 1: Study the impact due to 1 rx using simulations.
· Option 2: There is no impact on the requirements for maximum interruption in paging reception.



The existing IDLE/INACTIVE state requirements regarding paging reception shall apply for RedCap UE with 1 Rx and 2 Rx. Low complexity reduction has impact on this requirement in our view. 
· Proposal 7: Rel-15 NR requirements for maximum interruption in paging reception shall apply to RedCap. 
3. Summary
[bookmark: _Hlk23953093]In this contribution we have discussed the general RRM requirements for RedCap that apply in all RRC states. In addition, we have also discussed the received LS from RAN1 on use of NCD-SSB for RRM requirements. 
· Observation 1: RedCap to support same UE speed as Release 15 NR.
· Observation 2: Unlike LTE cat-M, RedCap supports inter-RAT mobility to LTE.
· Proposal 1: The RedCap UE shall be capable of monitoring at least: 
· Intra-frequency carrier, and
· Depending on UE capability, 5 NR inter-frequency carriers, and
· Depending on UE capability, 5 FDD E-UTRA inter-RAT carriers, and
· Depending on UE capability, 5 TDD E-UTRA inter-RAT carriers.
A total of 10 carrier frequency layers, which includes serving layer, comprising of any above defined combinations of E-UTRA FDD, E-UTRA TDD and NR layers. 
· Proposal 2: The RedCap UE shall be capable of monitoring at least: 
· Depending on UE capability, 5 NR SSB inter-frequency carriers configured by PCell, and
· Depending on UE capability, 6 NR inter-frequency carriers including SSB and CSI-RS in total configured by PCell, and
· Depending on UE capability, 5 E-UTRA TDD inter-RAT carriers configured by PCell, and
· Depending on UE capability, 5 E-UTRA FDD inter-RAT carriers configured by PCell, and
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least [9] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD, and E-UTRA TDD.
· Observation 3: RF retuning time for retuning between non-initial/initial DL BWP of RedCap and initial BWP is significantly shorter compared to legacy BWP switching delay.

· Observation 4: Current RRM requirements are scaled with the reference signal periodicity, thus no impact is expected due to lare NCD-SSB periodicity.

· Observation 5: Assuming that NCD-SSB and CD-SSB are ‘QCL’-ed, it is feasible to use NCD-SSB in serving- and non-serving cell measurements.

· Observation 6: RAN4 may have to introduce an applicability rule specifying the QCL relation between NCD-SSB and CD-SSB for the RRM requirements to apply.

· Observation 7: It may be beneficial assume same TX power on both CD-SSB and NCD-SSB. 

· Proposal 3:  BWP reconfiguration (BWP switching) delay involving only changing of the center-frequency of the BWP without changing its BW, SCS or any other parameter for RF retuning between non-initial DL BWP for RedCap and initial BWP for RedCap is defined as follows: 

	Frequency Range
	Type 1 Delay (us)
	Type 2 Delay (us)

	1
	200
	1050

	2
	200
	1050



· Proposal 4: As a general rule scheduling restriction shall apply during the BWP reconfiguration delay in Table 1. 
· Proposal 5: When DRX cycle is longer than 640 ms then no scheduling restriction or interruption is allowed due to switching between non-initial DL BWP and initial DL BWP. 
· RAN4 to further discuss to express the delay in number of slots.

· Proposal 6: The RedCap UE operating in HD-FDD mode shall receive paging (if transmitted) in a seving cell provided that at least one SSB is available at the UE in the serving cell during the last T1 duration, where
· Option 1: T1=160 ms.

· Proposal 7: Rel-15 NR requirements for maximum interruption in paging reception shall apply to RedCap. 
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1. Overall Description:
RAN4 would like to thank RAN1 for the LS on use of NCD-SSB instead of CD-SSB for RedCap UE. RAN4 has discussed the questions raised in the LS and reached following conclusions:
1) [RAN2/4] whether it is feasible to use NCD-SSB for serving and non-serving cell measurements for idle, inactive, and/or connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC

[RAN4 reply]: It is feasible to use NCD-SSB for performing all the serving and non-serving cell measurements in IDLE, INACTIVE and CONNECTED states provided that NCD-SSB is ‘QCL’-ed with CD-SSB. 

2) [RAN2/4] whether it is feasible to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) transmitted in idle, inactive, and/or connected mode in the initial/non-initial DL BWP of RedCap UE

[RAN4 reply]: It is feasible to use NCD-SSB as QCL source of other DL channels/signals and spatial relation for UL channels/signals in idle, inactive and/or connected mode in the initial/non-initial DL RedCap UE provided that NCD-SSB and CD-SSB are ‘QCL’-ed. 

3) [RAN2] whether/when the PCIs indicated by the NCD-SSB and CD-SSB can be the same/different, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE

[RAN4 reply]: Not applicable.

4) [RAN2/4] whether/when periodicities and/or TX power and/or block indexes (provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon) and/or QCL sources of NCD-SSB can be same/different from those of CD-SSB, if both NCD-SSB and CD-SSB are transmitted on the serving cell of RedCap UE

[RAN4 reply]: 

· The periocitities or block indexes of NCD-SSB and CD-SSB can be same or different. 
· RAN4 sees benefit in assuming same TX power on both CD-SSB and NCD-SSB.
· It is not feasible to use NCD-SSB for RRM measurements when QCL sources of NCD-SSB and CD-SSB transmitted in the serving cell of the RedCap UE is different.

5) [RAN2/4] whether it is necessary to introduce configuration limitations for NCD-SSB (e.g., regarding frequency locations, periodicity), e.g., to ensure coexistence with legacy UEs

[RAN4 reply]: RAN4 does not see any need to introduce configuration limitations (e.g. in terms of frequency location, periodicity) for NCD-SSB with respect to Rel-15 NR way of transmitting NCD-SSB. 


6) [RAN2/4] if CD-SSB is not transmitted in the non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation

[RAN4 reply]: Periodic CSI-RS is not a viable alternative of SSB in the non-initial BWP of RedCap since cell detection is always based on CD-SSB requiring the UE to frequently retune to initial BWP. Use of measurement gaps for the RF retuning may not be possible since separate initial BWP of RedCap UE can be configured in IDLE state. 


7) [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity

[RAN4 reply]: Larger periodicity will not impact existing RRM requirements since they are defined as function of reference signal periodicity (SMTC periodicity). When the UE is configured with large DRX cycles it should have sufficient time to perform RF retuning to receive CD-SSB during inactive period. In this case UE can rely on CD-SSB for measurements. 


8) [RAN2/4] any other potential impacts identified by RAN2/4 on support NCD-SSB for measurement


2. To RAN WG2 group. 
ACTION: 	RAN4 respectfully asks RAN1 to take the above information into consideration in future work.


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




