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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].
2. Discussions
2.1 Measurement capability
Measurement capabilies of RedCap UE was discussed last meeting with following outcome [1]:
	Measurement capability in IDLE/INACTIVE state
· Option 1 (E///, vivo, ZTE, HW, QC, Nokia, MTK): Measurement capability of RedCap UE in IDLE/INACTIVE states is reduced. 
· Option 1a (E///, Nokia): 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. 
· Option 2 (CMCC, Apple, E///, Xiaomi, HW, Oppo): Reuse existing measurement capability for Rel-17 RedCap UE
· Option 3 (MTK): Reduction of number of cells/layers/frequencies/SSBs is based on System Level Simulations (SLS)



Our original proposal was to reduce the measurement capability of the RedCap UE considering that the RedCap does not have CA/DC support in release 17. However, we do understand the concern from the operator that reducing the measurement capability may have an adverse impact on the mobility performance given that RedCap UE is support same level of mobilty as Rel-15 NR UE. Therefore we can compromise to option 2 to reuse the existing measurement capability for RedCap UE. 
· Proposal #1:  The Rel-15 NR measurement capability requirements are reused for Rel-17 RedCap UE in RRC IDLE/INACTIVE and CONNECTED states. 

2.2 Impact on paging reception requirements
	Impact on paging reception requirements for FD-FFD/TDD UEs
· Option 1 (vivo, E///, Xiaomi, CMCC, HW, MTK, Apple, Oppo, Nokia): There is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.
· Option 2 (QC, MTK)


Based on the discussions from earlier meetings, we would liket confirm (option 1) that the existing paging reception requirements apply for FD-FDD and TDD UEs. Note that HD-FDD reception requirements are discussed in section 2.4.
· Proposal #2: RAN4 to confirm the Rel-15 NR requirements for maximum paging rinterruption for paging reception are reeused for RedCap FD-FDD and TDD UEs.
2.3  RedCap bandgroups

NR frequency band grouping for FR1 and FR2 need to be defined for RedCap. To have clear specification and following the approach from LTE cat-M/NB-IoT, we propose to define the new band grouping in separate table for FR1 with new band groups (e.g. tagged with RedCap (RC) as shown in Tabl 1.
Table 1: NR frequency band groups for FR1 for RedCap
	Group
	NR FDD
	NR TDD

	
	Band group notation
	Operating bands
	Band group notation
	Operating bands

	A
	NR_FDD_RC_FR1_A
	n1, n18, n24, n70, n744, n91, n92, n93, n94
	NR_TDD_ RC_FR1_A
	n34, n389, n39, n40, n50, n51, n53

	B
	NR_FDD_RC_FR1_B
	n65, n66, n743
	
	

	C
	NR_FDD_ RC_FR1_C
	n30
	NR_TDD_ RC_FR1_C
	n48, n771, n78

	D
	NR_FDD_ RC_FR1_D
	n28
	NR_TDD_ RC_FR1_D
	n772

	E
	NR_FDD_ RC_FR1_E
	n2, n5, n7
	NR_TDD_ RC_FR1_E
	n41, n90

	F
	NR_FDD_ RC_FR1_F
	n266
	NR_TDD_ RC_FR1_F
	-

	G
	NR_FDD_ RC_FR1_G
	n3, n8, n12, n13, n14, n20, n71,
	NR_TDD_ RC_FR1_G
	-

	H
	NR_FDD_ RC_FR1_H
	n25
	NR_TDD_ RC_FR1_H
	-

	I
	NR_FDD_ RC_FR1_I
	-
	NR_TDD_ RC_FR1_I
	

	J
	NR_FDD_ RC_FR1_J
	-
	NR_TDD_ RC_FR1_J
	-

	NOTE 1:	Except 3.8 GHz to 4.2 GHz.
NOTE 2:	Only 3.8 GHz to 4.2 GHz.
NOTE 3:	Except 1475.9 MHz to 1510.9 MHz.
NOTE 4:	Only when the band is confined in 1475.9 MHz to 1510.9 MHz.
NOTE 5:	These bands are used only in NR carrier aggregation with other NR bands according to NR CA band combinations specified in TS 38.101-1 [18] and TS 38.101-3 [20].
NOTE 6:	The minimum Io condition is reduced by 0.5 dB when the carrier frequency of the assigned NR channel bandwidth is within 865-894 MHz. 
NOTE 9:	When this band is only used for WAN service.



In FR2 according to the Table 3.5.3-1: NR frequency band groups for FR2 in section 3.5.3, the FR2 bands are assigned to their band groups in terms of their band number as well the UE power class. For Redcap, it is expected that the RF group will define one or more new UE power classes specific to Redcap. Therefore, FR2 bands for Redcap can be defined in the existing Table 3.5.3-1 used for FR2 bands.

· Proposal #3: The NR frequency bands grouping for FR1 RedCap is defined as in Table 1.
· Proposal #4: The NR frequency bands grouping for FR2 RedCap is defined in the existing Table 3.5.3-1 used for FR2 bands in clause 3.5.3. 
2.4 Impact on HD-FDD UE
Paging reception for HD-FDD UE
	Impact on paging reception requirements for FD-FFD/TDD UEs
· Option 1 (vivo, E///, Xiaomi, CMCC, HW, MTK, Apple, Oppo, Nokia): There is no impact on the requirement for maximum interruption in paging reception, i.e. Rel-15 requirements shall apply to RedCap.
· Option 2 (QC, MTK)



We support the first option that the existing requirements on maximum interruptions, TSI-NR + 2*Ttarget_cell_SMTC_period ms, during paging repcetion can be resued for RedCap FD-FDD/TDD UEs. There is no need to modify these in the core requirements as both TSI-NR and Ttarget_cell_SMTC_period are parameters.
· Proposal #5:  The requirement on maximum interruption during paging reception for RedCap FD-FDD/TDD is resued from Rel-15 requirements. 

Scheduling restriction for HD-FDD was discussed at last meeting. Since the paging reception requirements apply in IDLE/INACTIVE mode, our view is to define the conditions under which the UE shall receive the paging reception instead of introducing scheduling restriction. This means the UE shall receive paging reception, given that the conditiosnare met and rest to the implementation. The conditions are 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. While this is reasonable time to retain the acquired timing and AGC in our view, we are also open to discuss other values. 
· Proposal #6: The RedCap UE operating in HD-FDD mode shall receive paging (if transmitted) in a serving 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: Instead of introducing scheduling restrictuion for HD-DD UE in IDLE mode, the conditions for the UE to meet certain requirements are defined.

2.5 Discussions on NCD-SSB

RAN4 discussed the incoming LS [5] on use of NCD-SSB in RedCap BWP at last meeting and a response LS was sent in [6].
RAN4 also received a new LS from RAN1 containing two working assumptions that requires RAN4 discussions and confirmation [2]. 
Separate initial DL BWP configured for paging in FR1 and FR2:
The first working assumption is related to assumptions on NCD-SSB for paging reception when configured for operation on a separate initial DL BWP in FR1 and FR2:
	· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective

..
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective




Nevertheless, the above working assumption was discussed at the last RAN plenary meeting and it was agreed that the paging reception is always associated with CD-SSB as follows, see slide 2 in [7]:
	Scheme 1 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with CD-SSB) is adopted for further work in Rel-17. Scheme 2 (i.e. UE in IDLE and INACTIVE monitors paging in an initial BWP associated with NCD-SSB) is not considered further in Rel-17



Hence, there is no need to further discuss in RAN4 the first working assumption related to paging reception associated with NCD-SSB. 
· Observation 1: RAN plenary has agreed that UE in IDLE/INACTIVE sates monitor paging in an initial BWP associated with CD-SSB. Paging associated with NCD-SSB is not considered in Rel-17 RedCap.

RRC configured active DL BWP in CONNECTED state in FR1 and FR2:
The second working assumption is related to an optional capability in the UE as follows for FR1 and FR2:
	· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.



The interpretation of the above agreement is that the RedCap UE may optionally indicate that it does not need NCD-SSB for performing the RRM tasks. In this case the UE is expected to perform those RRM tasks based on CSI-RS provided that those are transmitted by the NW. From RAN4 perspective, we would like to confirm this working assumption as the UE can use CSI-RS to perform those CONNECTED mode procedures (such as radio link monitoring, link recovery, timing) and the existing CSI-RS based requirements can be reused. Therefore we would like to confirm that working assumption.
· Proposal #8: From RAN4 perspective, RAN4 to confirm the RAN1 working assumption to support the optional capability of RedCap UE to perform CONNECTED mode RRM procedrues based on CSI-RS.

· Proposal #9: For the optional capability of RedCap UE in CONNECTED mode to perform CONNECTED mode procedure based on CSI-RS, the existing RAN4 CSI-RS based requirements are resued. 

Given the RAN1 agreements that the UE expects to contain NCD_SSB for serving cell for RedCap UE supporting feature group FG 6-1, we don’t see any other RRM impact for the CONNECTED mode procedures.
Feasiblilty of using NCD-SSB was discussed at last meeting, and it was agreed that it is fasible to use NCD-SSB for serving and non-serving cell measurements in IDLE, INACTIVE and CONNECTED states for the different types of RRM procedures and tasks. However, the exaction conditions were FFS which are [3]:
	FFS for specific conditions when it is feasible to use NCD-SSB:
· Condition 1: NCD-SSB is ‘QCL’-ed with CD-SSB
· Condition 2: NCD-SSB is transmitted by UE’s serving cell with the same SCS
· Condition 3: Neighboring cell’s NCD-SSB shall be placed to collide with serving cells’ NCD-SSB, if neighboring cell measurement is of necessity.
· Other conditions are not precluded.



Our view is that the first condition is necessary to be able to use NCD-SSB as QCL source of other DL channels/signals and as spatial relation for UL channels/signals in IDLE, INACTIVE and CONNECTED states transmitted in the non-initial DL BWP of RedCap UE. According to current specficiations, whether to use same or different SCS is up to NW implementation and this should be changed for RedCap. Similarly, placement of NCD-SSBs in relation to CD-SSB in the measured cells are up to NW implementation and this freedom of implementation should be maintained also for RedCap.
In addition, RAN4 also discussed additional conditions related to periodicities of NCD-SSB compared to CD-SSB periodicity, Tx power and block indexes. Regarding the peridocity, it was discussed in RAN4 and also RAN1 LS has stated that the the periodicity of NCD-SSB shall be not less than periodicity of CD-SSB and thefore no further discussions are needed. It can be left to network implementation to ensure that the NCD-SSB periodicities are not configured to be shorter than CD-SSB periodcities and there is no need to specify a exact rule on the periodicity. Regarding the Tx power and block indexes, our view is that those are up to network implementation as per current speicfications and this behaviour should be maintained also for RedCap. 

· Proposal #10: 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 NCD-SSB and CD-SSB need to be ‘QCL’-ed. 

· Proposal #11: The current behaviour, which is up to NW implementation, on SCS relation between NCD-SSB and CD-SSB, and placement of NCD-SSB in frequency domain is maintained for RedCap.

· Proposal #12: The current behaviour, which is up to NW implementation, on Tx power and SSB block indexes shall be maintained for RedCap. 
The last question in the LS in R1-2110600 is related to whether it is feasible for a RedCap UE to retune to e a CD-SSB rather than use an NCD-SSB of a lager peridocitity. At last meeting RAN4 agreed that periocicties of NCD-SSB are up to network configuration and can be same or different from those of CD_SSB. However, periocicites of NCD-SSB shall not be less than the periocities of CD-SSB. Based on this agreement, the UE may retune to CD-SSB if needed, especially when the periocity of NCD-SSB is larger than the periodicity of CD-SSB. This can be up to UE implementation.
· Proposal #13: The UE may retune to receive CD-SSB when the periocitiy of NCD-SSB is larger than CD-SSB periodicity.

Based on the above discussions, a draft LS is provided in Annex to address the remaining questions in [5].
3. Summary
[bookmark: _Hlk23953093]In this contribution we have discussed the open issues of measurement capability, paging reception, band groups and use of NCD-SSB. Based on the discussions, we have made following observation and proposals:
· Proposal #1:  The Rel-15 NR measurement capability requirements are reused for Rel-17 RedCap UE in RRC IDLE/INACTIVE and CONNECTED states.
 
· Proposal #2: RAN4 to confirm the Rel-15 NR requirements for maximum paging rinterruption for paging reception are reeused for RedCap FD-FDD and TDD UEs.


· Proposal #3: The NR frequency bands grouping for FR1 RedCap is defined as in Table 1.

· Proposal #4: The NR frequency bands grouping for FR2 RedCap is defined in the existing Table 3.5.3-1 used for FR2 bands in clause 3.5.3. 

· Proposal #5:  The requirement on maximum interruption during paging reception for RedCap FD-FDD/TDD is resued from Rel-15 requirements. 
· 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: Instead of introducing scheduling restrictuion for HD-DD UE in IDLE mode, the conditions for the UE to meet certain requirements are defined.

· Observation 1: RAN plenary has agreed that UE in IDLE/INACTIVE sates monitor paging in an initial BWP associated with CD-SSB. Paging associated with NCD-SSB is not considered in Rel-17 RedCap.


· Proposal #8: From RAN4 perspective, RAN4 to confirm the RAN1 working assumption to support the optional capability of RedCap UE to perform CONNECTED mode RRM procedrues based on CSI-RS.

· Proposal #9: For the optional capability of RedCap UE in CONNECTED mode to perform CONNECTED mode procedure based on CSI-RS, the existing RAN4 CSI-RS based requirements are resued. 


· Proposal #10: 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 NCD-SSB and CD-SSB need to be ‘QCL’-ed. 

· Proposal #11: The current behaviour, which is up to NW implementation, on SCS relation between NCD-SSB and CD-SSB, and placement of NCD-SSB in frequency domain is maintained for RedCap.

· Proposal #12: The current behaviour, which is up to NW implementation, on Tx power and SSB block indexes shall be maintained for RedCap. 


· Proposal #13: The UE may retune to receive CD-SSB when the periocitiy of NCD-SSB is larger than CD-SSB periodicity.
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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 and use of NCD-SSB or CSI-RS in DL BWPs for RedCap UE. RAN4 has discussed the remaining 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]: Already replied in R4-2120327.

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]: Already replied in R4-2120327.

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]: Already replied in R4-2120327.

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]: Configuration of NCD-SSB is up to NW implementation.  


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
Note: RAN1 reached a working assumption related to use of CSI-RS in R1-2112802. 

[RAN4 reply]: From RAN4 perspective, RAN4 confirms the RAN1 working assumption to support the optional capability of RedCap UE to perform CONNECTED mode RRM procedures based on CSI-RS.


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]: The UE may retune to receive CD-SSB when the periocitiy of NCD-SSB is larger than CD-SSB periodicity.


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:
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