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1. [bookmark: _Toc120549591]Introduction
In RAN1#106b-e meeting, the following agreements were made regarding the maximum UE bandwidth reduction of RedCap UEs [1]. 
Agreement: 
Confirm the working assumption:
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· The frequency hopping is enabled/disabled at least via SIB.

Agreement
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases

Working Assumption
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included

Agreement
· Send an LS to RAN2 and RAN4 to ask about using NCD-SSB instead of CD-SSB for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB.
· Draft the LS until Tuesday 19th October.
· Indicate in the LS that a response is needed before RAN1#107-e.
· Indicate in the LS both option 1 and option 2
 
Agreement
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.

Agreement
With below revision, draft R1-2110599 is endorsed in principle
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
1. Remove the blue part of questions
1. [RAN2/4] if neither NCD-SSB nor CD-SSB is not transmitted in the initial/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 initial/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, for idle/inactive/connected mode

Agreement
For FR1,
· For TDD, center frequencies are assumed to be the same for the initial DL (FFS: if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· FFS: For Option 1 and Option 2, whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case
· For TDD, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE.

In this contribution, considerations on UE complexity reduction features and related specs influences are discussed and proposals are given.
2. Separate initial UL BWP
1. 
0. Number of separate initial UL BWP 
Last meeting agreed that network can configure separate initial UL BWP for RedCap UEs in SIB, but there is no consensus about the number of separate initial UL BWP. Some companies think the motivation of supporting multiple separate initial UL BWP is when RACH occasions (ROs) are shared between RedCap UEs and non-RedCap UEs, RedCap UEs can always find the RO associated with best SSB within separate initial UL BWP. 
In fact, there may be different understandings about the shared RO. Two interpretations can be made,
· Interpretation 1: The bandwidth of all the FDMed ROs for non-RedCap UEs is larger than maximum bandwidth of RedCap UE. Multiple separate initial UL BWPs are configured, and they are associated with different SSBs. Then different UEs use different separate initial UL BWPs to make sure the shared ROs associated with its best SSB fall within its maximum bandwidth. For example, as shown in Fig. 1, there are 8 FDMed ROs in frequency domain configured for non-RedCap UEs. Two separate initial UL BWPs are configured, SSB0, SSB1, SSB2, SSB3 are associated with separate initial UL BWP 1, SSB4, SSB5, SSB6, SSB7 are associated with separate initial UL BWP 2. If SSB7 is the best SSB, the RedCap UE uses separate initial UL BWP 2 for RACH. Another possibility is a separate initial UL BWP is configured but there are up to eight starting positions each associated with one SSB index.
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Fig. 1 interpretation 1
· Interpretation 2: The bandwidth of all the FDMed ROs configured for non-RedCap UEs is larger than maximum bandwidth of RedCap UE.  RedCap UEs have one separate initial UL BWP. If this separate initial UL BWP includes entire RO and SSB mapping relationship, e.g. one RO is associated with more than one SSBs, one separate initial UL BWP is enough to deal with the RO issue. 
[image: ]
Fig. 2 interpretation 2
Our understanding about the shared RO is interpretation 2. In this case, one separate initial UL BWP can deal with the RO issue. If one separate initial UL BWP cannot guarantee that every SSB index has its associated RO within it, shared RO should not be used, and dedicated ROs for RedCap are configured within the BWP.
The additional benefit of multiple separate initial UL BWPs is to offloading UL traffic of RedCap UEs. However, multiple separate initial UL BWPs also aggregate UL resource fragmentation even with disabled PUCCH FH. Since TDD center frequencies are assumed to be the same for the initial DL/UL BWPs used during random access, multiple separate initial DL BWPs also need to be configured. Additional CORESET/CSS and NCD-SSB may be configured in the corresponding DL BWPs, which brings significant overhead. 
Thus, we prefer to configure one separate initial UL BWP in current version, multiple separate initial UL BWPs can be an enhancement when the solution of resource fragmentation and network overhead is clear.
Proposal 1: In R17, one separate initial UL BWP is configured for RedCap. 
0. Separate PUCCH/Msg3/[MsgA] PUSCH configuration
According to the 106-e working assumption, there is still one FFS needs to be solved.
Working assumption: 
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
In the following we will compare the separate initial UL BWP solution and above FFS solution considering the spec effort.
For separate initial UL BWP solution, all the scheduling and reception are based on BWP framework, the only work needs to do is to configure such BWP with bandwidth smaller than 20MHz for RedCap UE, then PRACH, Msg.3 and PUCCH issue will be solved.
For the separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication solution without separate initial UL BWP, more work is needed.
With respect to dedicated msg3 configuration, for example, when the frequency hopping of Msg3 is enabled and the hopping offset of RedCap UEs is the same as that of non-RedCap UEs, the hopping bandwidth of RedCap UEs may be larger than the maximum RedCap UE bandwidth since the hopping offset of Msg3 is calculated on the basis of initial UL BWP. As described in TS38.214, in case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,






Then for RedCap devices, both the and  need to be dedicatedly configured, when  is larger than the RB number of 20MHz, for example,  can be replaced by the number of RBs corresponding to RedCap UE’s maximum bandwidth. Currently, is defined in by scaling with 1/2, 1/4, etc., it also needs to be modified with RB number of RedCap UE’s maximum bandwidth.

With respect to separate PUCCH configuration, when frequency hopping is enabled, the gap between the first hop and second hop is also depending on the initial UL BWP size, , so the value used here also need to be modified as Msg.3 does.

To achieve the same purpose, a separate initial UL BWP can be configured inside the non-RedCap initial UL BWP since its bandwidth is larger than 20MHz. Separate ROs are configured within the separate initial UL BWP, and gNB can decide whether the ROs can be shared with non-RedCap UEs. Since the of the separate initial UL BWP will be smaller than the maximum bandwidth of RedCap UEs, transmission of Msg.3 and PUCCH will be automatically constrained with the separate initial UL BWP. 
Therefore, configuring an separate initial UL BWP can achieve the same effect as supporting separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap, but the behaviour of the UE can be simpler, and it only needs to comply with the existing BWP operation, the spec impact can be reduced. 
What’s more, when the separate UL initial BWP and initial UL BWP of non-RedCap UEs does not overlap, compared with using the same initial UL BWP and using dedicated RO/Msg3/PUCCH configuration, separate initial UL BWP has additional benefit for access capacity extension and traffic offloading, which is useful when the number of access UEs is large.
Proposal 2: The specification doesn’t support separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap.
0. PUCCH frequency hopping
Last meeting agreed that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP. A FFS is whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions.
Based on 9.2.1 in 38.211, the location of the PUCCH transmission in initial UL BWP is limited and quite near to the edge of initial UL BWP. Checking configuration of common PUCCH resource sets in Table 9.2.1-1, the frequency width (i.e.[image: ]) for PUCCH transmission at one edge is no more than 6 RBs.
Network configuration can avoid overlapping between PUCCH resources with FH for non-RedCap and PUCCH resources without FH for RedCap. As shown in Fig. 3, when bandwidth of initial UL BWP is larger than maximum bandwidth of RedCap, separate initial UL BWP can be configured at the edge of carrier and next to the PUCCH resource for non-RedCap. When bandwidth of initial UL BWP is no larger than maximum bandwidth of RedCap, separate initial UL BWP can be configured FDMed with initial UL BWP. In separate initial UL BWP, multiplexing PUCCH resources without FH among RedCap UEs is allowed. In initial UL BWP, multiplexing PUCCH resources with/without FH among non-RedCap UEs performs normally.
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Fig. 3 location of separate initial UL BWP
Proposal 3: Multiplexing of non-FH PUCCH transmissions for RedCap and FH PUCCH transmissions for non-RedCap can be avoided by configuration of separate initial UL BWP, no spec change is needed.
3. Initial/non-initial DL BWP
2 
3 
Separate Initial DL BWP
RAN1#106b-e made the following working assumption about separate initial DL BWP,
Working Assumption
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included
In this section, the related issues are discussed. 
1 
Motivation of separate initial DL BWP
In RAN1#106b-e, supporting separate initial DL BWP during and after initial access is still a working assumption, in this section, we will discuss the motivation of separate initial DL BWP.
The separate initial UL BWP for RedCap UEs can be different from the initial UL BWP for non-RedCap devices, for coexistence of RedCap and non-RedCap or for offloading. As shown in Fig. 4, one case is that when initial UL BWP of non-RedCap is larger than 20MHz, for the purpose of enabling the RO associated with the best SSB falls within the RedCap UE bandwidth, it is proposed to configure a separate initial UL BWP. Since TDD center frequencies are assumed to be the same for the initial DL/UL BWPs used during random access, a separate initial DL BWP can also be configured. As in Fig. 4(a), separate initial UL BWP may has the same center frequency as CORESET0, in this case, separate initial DL BWP contains entire CORESET0. As in Fig. 4(b), separate initial UL BWP may locate at the edge of carrier, which brings additional benefit in avoid PUSCH resource fragment. In this case, separate initial DL BWP does not contain CORESET0.
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Fig. 4 initial BWP configuration of RedCap
As shown in Fig. 5, the other case is that initial UL BWP of non-RedCap is no more than 20MHz, for offloading purpose, a separate initial UL BWP can be FDMed with initial UL BWP. For centre frequency alignment of TDD system, a separate initial DL BWP is also configured. 
[image: ]
Fig. 5 initial BWP configuration of RedCap
For Fig. 4(b) and Fig. 5, separate initial DL BWP may not contain entire CORESET #0. During initial access, to avoid BWP switching for receiving msg2/4 scheduling in initial DL BWP, separate initial DL BWP can configure CORESET and CSS for RACH. That is, separate initial DL BWP can be used during initial access.
For Fig. 4(a), separate initial DL BWP contains entire CORESET #0. In this case, initial DL BWP defined by CORESET#0 is used during initial access, separate initial DL BWP is used after initial access.
After initial access, it is possible that the bandwidth of initial DL BWP configured by SIB1 is larger than 20MHz. For example, with BWP configuration option2, BWP#0 is also a RRC configured BWP. In order to make full use of channel bandwidth when the non-RedCap UEs cannot support dynamic switching, BWP 0 can be configured with a large bandwidth. For this scenario, it is reasonable to configure a separate initial DL BWP for RedCap UE with bandwidth no larger than 20MHz, then all the scheduling is subject to normal BWP behaviour. 
Thus, at least for TDD center frequency alignment and offloading purpose, and for simplifying BWP behaviour when RRC configured initial DL BWP is larger than 20MHz, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs. If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP can be used during and after initial access.
Proposal 4: For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
A remaining FFS in working assumption is that whether separate initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. 
If the initial DL BWP is wider than the maximum RedCap UE bandwidth and becomes effective after initial access, it is necessary to configure separate initial DL BWP to enable RedCap UE can work normally. During initial access, whether separate initial DL BWP is used depends on its location. When separate initial DL BWP contains entire CORESET0, initial DL BWP defined by CORESET#0 is used during initial access. When separate initial DL BWP is does not contain entire CORESET0, separate initial DL BWP is used during initial access. 
Proposal 5: Separate initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
Details of the configuration
The details of the configuration/definition of separate initial DL BWP is still under discussion.
As the analysis in section 3.1.1, for coexistence issue and alignment of center frequency of TDD system, separate initial DL BWP may not contain CORESET0/SIB1. For offloading purpose, the separate initial DL BWP should avoid totally overlapping with CORESET#0, so it doesn’t need to contain the entire CORESET #0 and SIB1.
Proposal 6: If a separate initial DL BWP for RedCap UEs is configured in FR1, the UE shall not expect it to contain MIB-configured CORESET#0 or SIB1. 
Separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) for capacity extension and offloading so as to relieve the data transmission pressure on initial DL BWP.
Based on 5.15 in 38.321, if ROs are not configured for the active UL BWP, UE switches the active UL BWP to initial UL BWP. If the Serving Cell is an SpCell, UE also switches the active DL BWP to initial DL BWP to perform random access. For RedCap UEs, when separate initial DL/UL BWP are configured, the initial UL/DL BWP here should be separate initial UL/DL BWP. Therefore, CORESET/CSS for RACH should be supported in the separate initial DL BWP to schedule RAR, msg4 for RedCap UEs. 
The configuration of CSS for paging depends on whether there is offloading requirement in initial DL BWP. If CSS for paging is configured, RedCap UEs expect to receive paging in separate initial DL BWP.
Proposal 7: If a separate initial DL BWP for RedCap UEs is configured, it should be configured for random access, including CORESET/CSS for random access. 
Proposal 8: If a separate initial DL BWP for RedCap UEs is configured, it can be configured for paging, including CORESET/CSS for paging.
Additional SSB transmission
Another remaining issue is whether additional SSB is transmitted in the separately configured initial DL BWP and active DL BWP for RedCap UEs. During last meeting, the feature lead provides the following proposal in email discussion [2],  
· For FR1, following options:
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Option 2:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· 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.
· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.
· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE expects it to contain NCD-SSB for serving cell [FFS: or CSI-RS or measurement gap configuration] but not CORESET#0/SIB.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle
· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case
Option 1 and Option 2 stand for two different views about the additional SSB. Option 1 concerns the additional network overhead of SSB if SSB is always assumed for each active BWP. Option 2 concerns the UE complexity and power consumption, and proposes that RedCap UEs with baseline capability expect gNB to transmit a NCD-SSB within the active BWP. 
Therefore, the necessity of additional SSB needs to be discussed. In the following, the necessity of additional SSB for idle/inactive UEs and connected UEs will be analyzed.
additional SSB for idle/inactive UEs
For idle/inactive UEs, all the RedCap UEs can camp on the initial DL BWP similarly as non-RedCap UEs, and perform sync and RRM based on CD-SSB on this initial DL BWP. Once RACH initiation, RedCap UE switches to separate initial UL/DL BWP for RACH procedure. For paging reception, if paging capacity is enough on the CORESET#0 defined initial DL BWP, all the paging information can be transmitted on the initial DL BWP shared with non-RedCap UEs, no retuning for PO reception. If gNB has configured paging CSS on separate initial DL BWP, UE only needs to retune to separate initial DL BWP before its PO to check whether it is paged or not. If paged, following RACH is performed on separate initial UL/DL BWP. If not, UE retunes back to shared initial DL BWP. The retuning only happens once per DRX, the additional power consumption is negligible. When PEI is introduced and transmitted on shared initial DL BWP, retuning will only happen when UEs in this PO is paged, unnecessary retuning will further be reduced.
From this point of view, additional SSB for RACH and paging is not necessary, the power consumption will be limited.
Proposal 9: If the separate initial DL BWP is configured for random access or paging, the UE will not expect SSB transmission in the separate initial DL BWP.
additional SSB for connected UEs
With Option 1, RedCap UEs support FG 6-1a, no additional SSB is configured in initial and active DL BWP. If RedCap UEs do not support CSI-RS based measurement, UE switches to DL BWP that overlaps with CD-SSB for RRM and sync. They should follow the measurement gap, data transmission may be interrupted. For RLM or BFD, the measurement can be more frequent. The concern is UE power consumption. If RedCap UEs support CSI-RS based measurement, RedCap UE can rely on CSI-RS for RRM, sync, RO mapping and QCL source, power consumption of retuning can be avoided. 
With Option 2, NCD-SSB is configured in active DL BWP for RRM/sync. RAN2 and RAN4 have verified the feasibility of NCD-SSB for serving and non-serving cell measurements for idle, inactive mode, and connected mode for all or some of RRM, RLM, BFD, link recovery, RO selection, mobility, time/frequency tracking and AGC. To reduce overhead of NCD-SSB, the periodicity of NCD-SSB should be configurable by gNB and can be different from periodicity of CD-SSB.
A FFS for Option 2 is whether RedCap UE expect CSI-RS in active DL BWP. The feasibility to transmit CSI-RS as an alternative of NCD-SSB in active DL BWP of RedCap UE is verified in following aspects. 
1)  whether it is feasible to use CSI-RS for serving/non-serving cell measurements for RRM, RLM, BFD, link recovery
In NR R15/16, neighbor cell RRM/serving cell RRM/RLM/BFD/LR requirements have been specified for CSI-RS, as described in TS38.300. 
 (
9.2.4
Measurements
Intra-frequency neighbour (cell) measurements and inter-frequency neighbour (cell) measurements are defined as follows:
-
SSB based intra-frequency measurement: a measurement is defined as an SSB based intra-frequency measurement provided the 
center
 frequency of the SSB of the serving cell and the 
center
 frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs is also the same.
-
SSB based inter-frequency measurement: a measurement is defined as an SSB based inter-frequency measurement provided the 
center
 frequency of the SSB of the serving cell and the 
center
 frequency of the SSB of the neighbour cell are different, or the subcarrier spacing of the two SSBs is different.
NOTE 2:
For SSB based measurements, one measurement object corresponds to one SSB and the UE considers different SSBs as different cells.
-
CSI-RS based intra-frequency measurement
: a measurement is defined as a CSI-RS based intra-frequency measurement provided that:
-
The SCS of CSI-RS resources on the neighbour cell configured for measurement is the same as the SCS of CSI-RS resources on the serving cell indicated for measurement; and
-
For SCS = 60kHz, the CP type of CSI-RS resources on the neighbour cell configured for measurement is the same as the CP type of CSI-RS resources on the serving cell indicated for measurement; and
-
The centre frequency of CSI-RS resources on the neighbour cell configured for measurement is the same as the centre frequency of CSI-RS resource on the serving cell indicated for measurement.
-
CSI-RS based inter-frequency measurement
: a measurement is defined as a CSI-RS based inter-frequency measurement if it is not a CSI-RS based intra-frequency measurement.
)
 (
9.2.3
Mobility in RRC_CONNECTED
9.2.3.1
Overview
SSB-based Beam Level Mobility is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. 
For other DL BWPs, Beam Level Mobility can only be performed based on CSI-RS
.
)
 (
9.2.7
Radio Link Failure
In RRC_CONNECTED, the UE performs Radio Link Monitoring (RLM) in the active BWP based on reference signals (SSB/CSI-RS) and signal quality thresholds configured by the network. 
SSB-based RLM is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWP and for DL BWPs containing the SSB associated to the initial DL BWP. 
For other DL BWPs, RLM can only be performed based on CSI-RS.
)
 (
9.2.8
Beam failure detection and recovery
For beam failure detection, the 
gNB
 configures the UE with beam failure detection reference signals (SSB or CSI-RS) and the UE declares beam failure when the number of beam failure instance indications from the physical layer reaches a configured threshold before a configured timer expires.
SSB-based Beam Failure Detection is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. 
For other DL BWPs, Beam Failure Detection can only be performed based on CSI-RS.
)
Based on spec, neighbor cell RRM can be performed based on CSI-RS. When active DL BWPs do not contain the SSB associated to the initial DL BWP, serving cell RRM/ RLM/BFD can only be performed based on CSI-RS.
2) whether it is feasible to use CSI-RS for RO mapping 
The use of CSI-RS for RO mapping is described in TS38.300 and TS38.213. In connected mode, if RedCap UEs perform contention-free random access, e.g. contention-free handover and contention-free BFR, RRC signaling RACH-ConfigDedicated and PRACH-ResourceDedicatedBFR provide the association between dedicated RACH resources in active UL BWP and UE-specific CSI-RS configuration. So RedCap UE can determine RO and preamble based on the measurement result of CSI-RS resource.
 (
9.2.3
Mobility in RRC_CONNECTED
9.2.3.2
Handover
The common RACH configuration for beams in the target cell is only associated to the SSB(s). The network can have dedicated RACH configurations associated to the SSB(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell. The target 
gNB
 can only include one of the following RACH configurations in the Handover Command to enable the UE to access the target cell:
i
)
Common RACH configuration;
ii)
Common RACH configuration + Dedicated RACH configuration associated with SSB;
iii)
Common RACH configuration + 
Dedicated RACH configuration associated with CSI-RS
.
)
 (
6
Link recovery procedures
For the 
PCell
 or the 
PSCell
, the UE can be provided, by 
PRACH-
ResourceDedicatedBFR
, a 
configuration for PRACH transmission as described in Clause 8.1. For PRACH transmission in slot 
 
and according to 
antenna port quasi co-location parameters associated with periodic CSI-RS resource configuration or with SS/PBCH block associated with index 
 provided by higher layers 
[11, TS 38.321]
, the UE monitors PDCCH in a search space set provided by 
recoverySearchSpaceId
 for detection of a DCI format with CRC scrambled by C-RNTI or MCS-C-RNTI starting from slot 
 
within a window 
configured by 
BeamFailureRecoveryConfig
.
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3) whether it is feasible to use CSI-RS as QCL source of other DL channels/signals and as spatial relation (for UL channels/signals) 
Before RRC connected mode, DMRS of PDCCH/PDSCH is only QCL’ed with the SSB. Based on TS 38.214, in connected mode, CSI-RS can perform as QCL source of DMRS of PDCCH/PDSCH. Based on TS 38.331, the spatial relation between CSI-RS and SRS is configured in SRS-SpatialRelationInfo, the spatial relation between CSI-RS and PUCCH is configured in PUCCH-SpatialRelationInfo. The spatial relation between SRS and PUSCH is indicated in SRS resource indicator field in DCI 0_1, thus CSI-RS can perform as spatial relation of PUSCH intermittently.
 (
5.1.5
Antenna ports quasi co-location
For the DM-RS of PDCCH, the UE shall expect that a 
TCI-State
 indicates one of the following quasi co-location type(s):
-
'
QCL-
TypeA
' with a CSI-RS resource in a 
NZP-CSI-RS-
ResourceSet
 configured with higher layer parameter 
trs
-Info 
and, when applicable, 'QCL-
TypeD
' with the same CSI-RS resource, or
-
'
QCL-
TypeA
' with a CSI-RS resource in a 
NZP-CSI-RS-
ResourceSet
 configured with higher layer parameter 
trs
-Info
 and, when applicable, 
'QCL-
TypeD
' with a CSI-RS resource in an 
NZP-CSI-RS-
ResourceSet
 configured with higher layer parameter 
repetition
, or
-
'
QCL-
TypeA
' with a CSI-RS resource in a 
NZP-CSI-RS-
ResourceSet
 configured without higher layer parameter 
trs
-Info and without higher layer parameter 
repetition
 
and,
 
when
 applicable,
 'QCL-
TypeD
' with the same CSI-RS resource.
For the DM-RS of PDSCH, the UE shall expect that a 
TCI-State
 indicates one of the following quasi co-location type(s):
-
'QCL-
TypeA
' with a CSI-RS resource in a 
NZP-CSI-RS-
ResourceSet
 configured with higher layer parameter 
trs
-Info
 and, when applicable, 'QCL-
TypeD
' with the same CSI-RS resource
,
 or
-
'QCL-
TypeA
' with a CSI-RS resource in a 
NZP-CSI-RS-
ResourceSet
 configured with higher layer parameter 
trs
-Info
 and, when applicable, 'QCL-
TypeD
' with a CSI-RS resource in an 
NZP-CSI-RS-
ResourceSet
 configured with higher layer parameter 
repetition
,or
-
QCL-
TypeA
' with
 a
 CSI-RS resource in a 
NZP-CSI-RS-
ResourceSet
 configured without higher layer parameter 
trs
-Info
 and without
 
higher layer parameter
 
repetition
 and, 
when applicable, 'QCL-
TypeD
' with the same CSI-RS resource.
)
Above all, CSI-RS can be an alternative of NCD-SSB in active DL BWP for RRM/RLM/BFD measurement, RO mapping and QCL source/spatial relation purpose. Compared with configuring additional NCD-SSB in active DL BWP, since the CSI-RS resource can always be configured by network, no additional overhead is needed. Besides, additional collision handling for NCD-SSB for HD-FDD UEs can be avoided.
From our perspective, RedCap UE always expect NCD-SSB on active BWP will result in large network overhead, and the overhead may further increase with more and more RedCap services and high RedCap UEs density, so our first preference is Option 1. However, since the network overhead and UE power saving are difficult to balance, we can compromise to Option 2. In Option 2, a modification is that RedCap UE expects NCD-SSB or CSI-RS on active DL BWP. As our analysis, CSI-RS can be an alternative of NCD-SSB and has benefit in reducing network overhead.
Proposal 10: For FR1, following options can be considered:
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Option 2:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· 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.
· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.
· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE expects it to contain NCD-SSB or CSI-RS for serving cell but not CORESET#0/SIB.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle
· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case
Proposal 11: Support Option 1,
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
[bookmark: _GoBack]Proposal 12: If RedCap UE expects an RRC-configured active DL BWP in connected mode(if it does not include CD-SSB and the entire CORESET#0) to contain CSI-RS for serving cell but not CORESET#0/SIB, option 2 can be supported.
Proposal 13: The period of NCD-SSB is configurable by gNB.
Center frequency in TDD
106b-e meeting has agreed center frequencies are assumed to be the same for initial DL/UL BWPs and non-initial DL/UL BWPs for RedCap UEs in FR1 TDD. A FFS is for Option 1 and Option 2, whether the case that the center frequencies of initial BWPs are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case. 
For Option 1, SSB on separate initial DL BWP is not expected, when center frequencies of initial BWPs are the same, as our analysis in section 3.2.1, RedCap UE camps on initial DL BWP and only retunes to separate initial DL BWPs before its PO if paging CSS is configured. The retuning only happens once per DRX, and the frequency of retuning will further reduces when PEI is introduced and transmitted on shared initial DL BWP. The power consumption of retuning is limited. 
If center frequencies of initial BWPs can be unaligned, and separate initial DL BWP contains CD-SSB and CORESET#0, RedCap UE can receive paging in initial DL BWP. In this case, RF retuning for paging is avoided, but RF retuning between UL and DL BWPs for RACH will be needed. Although the RF retuning between UL and DL BWPs for RACH is not frequent, there is no gain on power consumption reduction compared with center frequency alignment. So for Option 1, there is no need to support center frequencies unalignment for initial UL and DL BWP.. 
For Option 2, since RedCap UE relies on NCD-SSB in separate initial DL BWP for measurement, when separate initial DL BWP does not contain CD-SSB, additional NCD-SSB is needed for separate initial DL BWP. In this case, support unalignment of  center frequencies between separate initial UL and DL BWP can reduce overhead. For example, separate initial DL BWP can contain CD-SSB and CORESET#0, while separate initial UL BWP can be placed flexibly, it may locate at the edge of carrier, so that the PUSCH resource fragmentation can be avoided. In this case, the overhead of additional NCD-SSB in separate initial DL BWP can be avoided. However, the DL offloading function is limited if SSB overhead is concerned. 
Proposal 14: For Option 1, the case that the center frequencies of initial BWPs are different is not supported.
Proposal 15: For Option 2, the case that the center frequencies of initial BWPs are different is supported, and RedCap UE can expect CD-SSB and CORESET#0 in this case.
4. Conclusions
In this contribution, considerations on maximum UE bandwidth reduction features are discussed, and the following proposals are made.
Proposal 1: In R17, one separate initial UL BWP is configured for RedCap. 
Proposal 2: The specification doesn’t support separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap.
Proposal 3: Multiplexing of non-FH PUCCH transmissions for RedCap and FH PUCCH transmissions for non-RedCap can be avoided by configuration of separate initial UL BWP, no spec change is needed.
Proposal 4: For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
Proposal 5: Separate initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
Proposal 6: If a separate initial DL BWP for RedCap UEs is configured in FR1, the UE shall not expect it to contain MIB-configured CORESET#0 or SIB1. 
Proposal 7: If a separate initial DL BWP for RedCap UEs is configured, it should be configured for random access, including CORESET/CSS for random access. 
Proposal 8: If a separate initial DL BWP for RedCap UEs is configured, it can be configured for paging, including CORESET/CSS for paging.
Proposal 9: If the separate initial DL BWP is configured for random access or paging, the UE will not expect SSB transmission in the separate initial DL BWP.
Proposal 10: For FR1, following options can be considered:
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Option 2:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· 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.
· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.
· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE expects it to contain NCD-SSB or CSI-RS for serving cell but not CORESET#0/SIB.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle
· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case
Proposal 11: Support Option 1,
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
Proposal 12: If RedCap UE expects an RRC-configured active DL BWP in connected mode(if it does not include CD-SSB and the entire CORESET#0) to contain CSI-RS for serving cell but not CORESET#0/SIB, option 2 can be supported.
Proposal 13: The period of NCD-SSB is configurable by gNB.
Proposal 14: For Option 1, the case that the center frequencies of initial BWPs are different is not supported.
Proposal 15: For Option 2, the case that the center frequencies of initial BWPs are different is supported, and RedCap UE can expect CD-SSB and CORESET#0 in this case.
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