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In the RAN1#106bis-e meeting, for reduced maximum UE bandwidth, following agreements and working assumption were made [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
· 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
· 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
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 addition, one LS in R1-2110600 was sent 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. 
In this contribution, we provide our views on the remaining issues on the reduced maximum UE bandwidth for RedCap. 
2. Support of the separate initial DL BWP 
For the separate initial DL BWP, according to the WA, there is one FFS that it is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. From our understanding, it may have two interpretations in case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, but the separate initial DL BWP is not configured.
· Interpretation 1: The cell does not support RedCap UEs in such case.
· Interpretation 2: The cell can still support RedCap UEs and RedCap UEs uses initial DL BWP determined by CORESET#0 which is derived from MIB.
Firstly, we would like to clarify that once the separate initial DL BWP is configured by SIB1 for RedCap UEs, RedCap UEs should use it both during and after the initial access. This is different from the non-RedCap UE behaviour that the CORESET#0 configured by MIB is used during the initial access, and the initial DL BWP configured by SIB1 is used after the initial access. 
Proposal 1: In case the separate initial DL BWP is configured by SIB1 for RedCap UEs, the separate initial DL BWP should be applicable for both during and after the initial access.
Next, we noticed that for the separate initial UL BWP, it was agreed that it is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. It means that if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, but the separate initial UL BWP is not configured, then the cell does not support the RedCap. Therefore, to be consistent with the handling for the separate initial UL BWP and simplify RedCap UE behaviour for determination of the BW for the (separate) initial DL BWP, it makes sense to select interpretation 1. On the other hand, interpretation 2 can also be considered if there are clear benefits for RedCap UEs use the BW of CORESET#0 both during and after initial access. 
Proposal 2: It is slightly preferred that the separate initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. That means
· In case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, but the separate initial DL BWP is not configured, the cell does not support RedCap UEs.
In the following, we provide our views on how the separate initial DL BWP works for RedCap UEs before the initial access (in RRC_IDLE/INACTIVE state), for RedCap UEs during the initial access (transition period from IDLE/INACTIVE to CONNECTED state), and for RedCap UEs after the initial access (in RRC_ CONNECTED state). More specifically, following issues are discussed for RedCap UEs in RRC_IDLE/INACTIVE and RRC_ CONNECTED state.
· Issue 1: Whether the separate initial DL BWP must include CORESET#0 derived from MIB?
· Issue 2: Which CORESET(s)/ SS(s) should be included in the separate initial DL BWP?
· What is the RedCap UE behavior on receiving the Paging, SIB1, OSI and RAR/Msg.4?
· Issue 3: Whether the separate initial DL BWP must include SSB?
Issue 1: Necessity to contain the entire CORESET#0 derived from MIB in a separate initial DL BWP for RedCap UEs
Configuring/defining a separate initial DL BWP for RedCap UEs can be beneficial for flexibility and offloading purposes. If the separate initial DL BWP that for RedCap UEs has to contain the entire CORESET#0 derived from MIB, then the separate initial DL BWP will largely overlap with the legacy initial DL BWP, which limiting the separate initial BWP usefulness and losing the flexibility and offloading benefit. 
CORESET#0 derived from MIB is mainly used for Type0-PDCCH CSS set to schedule the SIB1 for the idle/inactive UE and may be used for other common CSSs e.g. Type0A/2/1-PDCCH CSS set depending on the configuration. Even if the separate initial DL BWP does not contain the CORESET#0 derived from MIB, as discussed for issue 2, it does not have negative impacts for RedCap UEs in RRC_IDLE/INACTIVE to receive the SIB1, OSI, paging, RAR/Msg.4. Therefore, it is not necessary to mandate the separate initial DL BWP contain the entire CORESET#0 derived from MIB. 

Observation 1: A separately configured initial DL BWP for RedCap UEs does not need to contain the entire CORESET#0 derived from MIB.

Issue 2: CSS set(s) that need to be contained in the separate initial DL BWP and
Issue 3: Necessity to transmit additional SSB in the separate initial DL BWP for RedCap UEs
To support RedCap UEs in the separate initial DL BWP, it is necessary to contain common CORESET(s) and CSS(s) in the separate initial DL BWP. Depending on the usage of the separate initial DL BWP and/or the message(s) that network would like to offload, generally, following cases can be considered.
· Case 1: the separate initial DL BWP includes only a Type1-PDCCH CSS set 
· Case 2: the separate initial DL BWP includes only a Type2-PDCCH CSS set
· Case 3: the separate initial DL BWP includes Type1- and Type2-PDCCH CSS set
· Case 4: the separate initial DL BWP includes Type0-, Type0A-, Type1- and Type2-PDCCH CSS set
Let’s firstly focus on RedCap UEs in RRC-IDLE/ INACTIVE state. 
For Case 1 that the separate initial DL BWP includes only a Type1-PDCCH CSS set, a RRC-IDLE/ INACTIVE RedCap UE uses the legacy initial DL BWP to receive the SIB1, OSI in Type0/0A CSS set and monitor paging PDCCH in Type2 CSS set.  Only when random access is triggered, the RedCap UE switches to the separate initial DL BWP to receive MSG2 and MSG4.  Therefore, Case 1 is beneficial to offload the messages needed for random access and can also be used to align the DL/UL center frequency for TDD case when the RedCap UE is configured with a separate initial UL BWP. 
Observation 2:  For Case 1 that the separate initial DL BWP includes only a Type1-PDCCH CSS set, it is beneficial to offload the messages needed for random access and can also be used to align the DL/UL center frequency for TDD case when the RedCap UE is configured with a separate initial UL BWP.

For Case 1, regarding to the additional SSB transmission in the separate initial DL BWP, having SSB included in the separate initial DL BWP is beneficial for IDLE/INACTIVE RedCap UEs’ power consumption. About the concerns on the impacts to the legacy UEs and SSB overhead, the non-cell defined SSB should be used so that there is no negative impact on the legacy UEs. About the SSB overhead, based on [2], it is observed that the overhead for additional non-cell defined SSB with 20ms periodicity would be ~0.8%, which has insignificant impact on the spectral efficiency. 
On the other hand, it may not be necessary to have non-cell defining SSB in the separate initial DL BWP for random access purpose only.RedCap UEs can use the cell defining SSB and conduct the random access in the separate initial DL/UL BWP. It was claimed that if gNB does not know whether the RedCap UE is camping on the cell or not when the UE is in IDLE state and if there is no RRC_CONNECTED RedCap UEs operating in the separate initial BWP, it is not necessary for network to always transmit SSB in the separate initial DL BWP [3]. It should be mentioned that once there is/are RedCap UE(s) in RRC_CONNECTED state use(s) the separate initial DL BWP, it will be critical to have the SSB transmitted in the separate initial DL BWP. 
Observation 3:  Having non-cell defined SSB with 20ms periodicity transmitted in the separate initial DL BWP has no impacts on the legacy UEs and has negligible impact on the spectral efficiency.

Observation 4:  For Case 1 that the separate initial DL BWP includes only a Type1-PDCCH CSS set, 
· Having non-cell defined SSB transmitted in the separate initial DL BWP is beneficial for RedCap UEs’ power consumption.
· It may not be always necessary to transmit the non-cell defined SSB in the separate initial DL BWP if the separate initial DL BWP is used only for random access for RedCap UEs in RRC_IDLE/INACTIVE state. 

For Case 2, only the Type2-PDCCH CSS set used for paging PDCCH is configured in the separate initial DL BWP. Typically, a RRC_IDLE/ INACTIVE RedCap UE would use the separate initial DL BWP for paging PDCCH monitoring after receiving SIB1 and other SIBs in the legacy initial DL BWP. In case there is SI change indicated by paging PDCCH, the RedCap UE needs to switch to the legacy initial DL BWP for the updated SI acquisition. After receiving the updated SIs, the RRC_IDLE/ INACTIVE RedCap returns to the separate initial DL BWP to continue the paging PDCCH monitoring. In case the RRC_IDLE/ INACTIVE RedCap UE needs to perform initial access, after Msg.1 transmission, the RedCap UE switches to the legacy initial DL BWP for MSG2/MSG4 reception. Therefore, two events i.e., acquisition of updated SIs and initial access require the RedCap UE to switch to the legacy initial DL BWP. It is observed that Case 2 is only beneficial for offloading paging PDCCH and associated paging PDSCH. 
Observation 5:  For Case 2 that the separate initial DL BWP includes only a Type2-PDCCH CSS set, it is beneficial for offloading paging PDCCH and associated paging PDSCH.

For Case 2, having additional SSB transmitted in the separate initial DL BWP is essential for UE to decode paging with reasonable performance. As discussed in the PEI design of UE power saving WI [4] - [5], the assumption is that at least one SSB prior to each paging occasion in the high SINR case, and in some low SINR case, two or three SSB are required for UE IDLE mode loop convergence / time-frequency tracking. If frequent retuning back and forth between the legacy initial DL BWP for SSB measurement and separate initial DL BWP for paging reception, the timing design will become complicated. Besides, according to [6], the slot-average power level is 50 power units for BWP switching, additional power consumption per paging cycle caused by two times BWP switching to receive SSB and paging is at least (50 power unit) * (3 slot) * (2 times of BWP switching) = 300 power units for Type 2 BWP switching delay, which is much higher than the power used for receiving PDCCH + PDSCH of 120 power unit with 20MHz BW. It is noted that the 300 power unit is the lower bound of the additional power consumption assuming no additional waiting time for SSB or paging PDCCH reception after the BWP switching. Therefore, SSB should be provided in the separate initial DL BWP configured with paging monitoring.
Observation 6: For Case 2 that the separate initial DL BWP includes only a Type2-PDCCH CSS set, having non-cell defined SSB transmitted in the separate initial DL BWP is important for RedCap UEs to receive paging with reasonable performance and reduce power consumption. 

For Case 3, a RRC_IDLE/ INACTIVE RedCap UE uses the separate initial DL BWP for paging PDCCH monitoring and MSG2/MSG4 reception for initial access. Only when SI update is indicated by the paging PDCCH, the RRC_IDLE/ INACTIVE RedCap UE needs to switch to the legacy initial DL BWP. Similar as Case 2, non-cell defined SSB transmitted in the separate initial DL BWP is essential for RedCap UEs.

For Case 4, after acquisition of the configuration for the separate initial DL BWP, a RRC_IDLE/ INACTIVE RedCap UE should switch to and camp on the separate DL initial BWP for monitoring all Types of the PDCCH CSS sets. The RedCap UE does not need to switch back to the legacy initial DL BWP once it is offloaded in the separate initial DL BWP i.e., when RedCap UEs obtain the configuration of separate initial DL BWP. Similar as Case 2, non-cell defined SSB transmitted in the separate initial DL BWP is essential for RedCap UEs.

Observation 7: For the Case(s) (e.g. Case 2, Case 3 and Case 4) that the separate initial DL BWP include at least a Type2-PDCCH CSS set, having non-cell defined SSB transmitted in the separate initial DL BWP is important for RedCap UEs to receive paging with reasonable performance and reduce power consumption. 

For above four Cases, Table 1 provide a brief summary. 

Table 1: Comparison for Cases of separate initial DL BWP containing different CSS Type(s) for RRC_IDLE/INACTIVE RedCap UEs
(Note: for simplicity, denotes the legacy initial DL BWP as BWP#0, separate initial DL BWP as BWP#0’)
	
	Case 1
	Case 2
	Case 3
	Case 4

	Offloaded DL Message(s) 
	Msg.2, Msg.4 and associated PDCCH 
	Paging PDSCH and associated PDCCH 
	· Msg.2, Msg.4 and associated PDCCH;
· Paging PDSCH and associated PDCCH. 
	· Msg.2, Msg.4 and associated PDCCH;
· Paging PDSCH and associated PDCCH.
· System information at least including the one that common for RedCap and non-RedCap UEs (FFS SI specifically for RedCap).  

	Event(s) triggering BWP switching 
	Random access: 
BWP#0  BWP#0’ 
	· SI update indication:  BWP#0’  BWP#0; 
· After updated SI acquisition, BWP#0  BWP#0’ 
· Random access: BWP#0’  BWP#0
	· SI update indication:  BWP#0’  BWP#0; 
· After updated SI acquisition, BWP#0  BWP#0’ 
	UE stays at BWP#0’ and no need to switch between BWP#0 and BWP#0’

	Additional common message overhead 
	No 
	No, if NW knows whether UE is offloaded, e.g. by specified rule
	No, if NW knows whether UE is offloaded, e.g. by specified rule
	Yes, for SIB1 and other SIBs that common for RedCap and Non-RedCap UEs

	Necessity to include the non-CD SSB in BWP#0’ 
	No, if the BWP#0’ is used only for RA for RRC_IDLE/INACTIVE RedCap UEs.
	Yes
	Yes
	Yes 



Depending on network deployment and configuration, it is possible to support above all the four cases for RedCap UEs in RRC_IDLE/INACTIVE state. 
Then let’s discuss RedCap UEs in RRC_CONNECTED state. 
Based on TS 38.331 [7], if the searchSpaceSIB1, searchSpaceOtherSystemInformation and pagingSearchSpace is not provided in the BWP, the RRC_CONNECTED UE does not receive paging, SIB1 and OSI on the BWP. While for RRC_CONNECTED UE, the updated system information and ETWS/CMAS information can be delivered to the UE by dedicated RRC signaling, e.g. using dedicatedSystemInformationDelivery as shown below. In addition, UE can autonomously switch to initial DL BWP for RACH if RACH-config is not configured in the active BWP. For RedCap UEs in RRC_CONNECTED state, we did not find any reason to use a different UE behavior from the legacy way. Therefore, for RedCap UEs in RRC_CONNECTED state, if the separate initial BWP is not provided with searchSpaceSIB1, searchSpaceOtherSystemInformation and pagingSearchSpace, the RedCap UE does not monitor for SIB1, other SIs and paging.

	
RRCReconfiguration-v1530-IEs ::=            SEQUENCE {
    masterCellGroup                         OCTET STRING (CONTAINING CellGroupConfig)                              OPTIONAL, -- Need M
    fullConfig                              ENUMERATED {true}                                                      OPTIONAL, -- Cond FullConfig
    dedicatedNAS-MessageList                SEQUENCE (SIZE(1..maxDRB)) OF DedicatedNAS-Message                     OPTIONAL, -- Cond nonHO
    masterKeyUpdate                         MasterKeyUpdate                                                        OPTIONAL, -- Cond MasterKeyChange
    dedicatedSIB1-Delivery                  OCTET STRING (CONTAINING SIB1)                                         OPTIONAL, -- Need N
    dedicatedSystemInformationDelivery      OCTET STRING (CONTAINING SystemInformation)                            OPTIONAL, -- Need N
    otherConfig                             OtherConfig                                                            OPTIONAL, -- Need M
    nonCriticalExtension                    RRCReconfiguration-v1540-IEs                                           OPTIONAL
}

	dedicatedSIB1-Delivery
This field is used to transfer SIB1 to the UE. The field has the same values as the corresponding configuration in servingCellConfigCommon.

	dedicatedSystemInformationDelivery
This field is used to transfer SIB6, SIB7, SIB8 to the UE with an active BWP with no common serach space configured. For UEs in RRC_CONNECTED, this field is used to transfer the SIBs requested on-demand.



· SIB6: SIB6 contains an ETWS primary notification.
· SIB7: SIB7 contains an ETWS secondary notification.
· SIB8: SIB8 contains a CMAS notification.



Observation 8: For RedCap UE in RRC_CONNECTED state, the updated system information and ETWS/CMAS information can be delivered to the UE by dedicated RRC signaling.

In Rel-15/Rel-16, the non-RedCap UE shall support the case where the active BWP includes the SSB mandatorily (i.e., FG 6-1). There is one feature for non-RedCap UE to support the case where the active BWP does not include the SSB. However, this is an optional feature i.e., FG 6-1A and it is actually not implemented in reality even for non-RedCap UEs. For RedCap UE, in case the separate initial DL BWP is configured, if the BWP does not comprise SSB, then the RedCap UE needs to mandatorily support the feature that is optional for non-RedCap UE. It requires RedCap UE to perform RF retuning very frequently (once per tens of miliseconds) to receive SSB for tracking loops, RRM and RLM, etc. Given the BWP switching delay is up to 3ms, it leads to frequent scheduling interruptions and also increases RedCap UE’s complexity and power consumption. Therefore, it is essential  to include the SSB within the separate initial DL a BWP if that is used as active DL BWP for a CONNECTED mode UE. About the SSB overhead concern, as discussed for Case 1, based on [2], it is observed that the overhead for additional non-cell defined SSB with 20ms periodicity would be ~0.8%, which has negligible impact on the spectral efficiency. In addition, longer periodicity like 80ms or 160ms for non-CD SSB can be configured to further minimize the overhead. 
Observation 9: For a RedCap UE in RRC_CONNECTED state, if the active DL BWP does not include the SSB, frequent RF retuning for T/F tracking, RRM measurement etc. will largely increase RedCap UE’s power consumption and complexity, and the scheduling interruptions. 
Observation 10: The periodicity for additional non-CD SSB is configurable and up to 160ms, which is controlled by the network to reduce the overhead.  
Based on above analysis, following compromised proposal is made: 
Proposal 3: For FR1, 
· 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.
· 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 but not CORESET#0/SIB.
· if UE is not configured with searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, UE does not monitor OSI, SIB1 and Paging, respectively in the active BWP.
· 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: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case

Other issues 
· Configuration details for the separate initial DL BWP
During the initial access, a UE get the CORESET#0 configuration which is used to scheduling the SIB1 after decoding the MIB. Then the SIB1 provides the information required for initial access and configures the initial downlink BWP by the following parameters: 
· genericParameters configures the locationAndBandwidth, subcarrierSpacing and cyclicPrefix for the initial DL BWP;
· pdcch-ConfigCommon configures the commonControlResourcesSet and commonSearchSpaceList for the initial DL BWP; 
· pdsch-ConfigCommon configures pdsch-AllocationList for the initial DL BWP. 

For the configuration of separate initial DL BWP, providing all the configurations as listed above provide the most flexibility, but with the largest signaling overhead. At least the locationAndBandwidth for the separate initial DL BWP should be configured by SIB1. The subcarrierSpacing, cyclicPrefix and pdsch-AllocationList are not necessarily to be configured and can be optional IEs for separate initial DL BWP. If they are not configured, the same subcarrierSpacing and cyclicPrefix and pdsch-AllocationList configurations as initial DL BWP are applied to the separate initial BWP. To operate RedCap UE in the separate initial DL BWP, commonSearchSpaces and associated commonControlResourcesSets for the separate initial DL BWP should also be configured by SIB1.   

Proposal 4: For the configuration of separate initial DL BWP, followings are necessary and should be provided by SIB1:
· locationAndBandwidth, commonControlResourcesSets and commonSearchSpaces 

Proposal 5: For the configuration of separate initial DL BWP, subcarrierSpacing, cyclicPrefix and pdsch-AllocationList can be optionally provided by SIB1. If they are not provided by SIB1, the same configurations for initial DL BWP should be applied to the separate initial DL BWP.

· Supported bandwidths in the separate initial DL BWP for RedCap UEs
For legacy initial DL BWP, different bandwidth is assumed for the UE during and after initial access. During initial access, the legacy initial DL BWP’s bandwidth is given by the bandwidth of the CORESET#0, which is limited to 24, 48 or 96 PRBs. After initial access, the legacy initial DL BWP’s bandwidth can be configured by SIB1. If SIB1 does not configure its bandwidth, the bandwidth and location for the legacy initial DL BWP reuses those for the CORESET#0. In addition, regardless whether SIB1 configures the bandwidth for the legacy initial DL BWP or not, as long as CORESET#0 is configured for the cell, the CORESET#0’s bandwidth determines the DCI size for fallback DCI formats i.e., DCI format 0_0 and 0_1 in a CSS.
About the supported bandwidth(s) in the separate initial DL BWP for RedCap UEs, one discussion point is whether there are additional limitations for the separate initial DL BWP besides its bandwidth should not exceed the RedCap UE’s capability. For example, whether the bandwidth of the separate initial DL BWP for RedCap UE to assume during initial access should also be limited to 24, 48 or 96 PRBs, similar as the legacy initial DL BWP for non-RedCap UE. One reason for such limitation is to reduce RedCap UE’s complexity for DCI size determination in case the separate initial DL BWP does not contain all CSS Types. Otherwise, the RedCap UE may need to maintain two fallback DCI format sizes: one is determined by the size of separate initial DL BWP, the other is determined by the CORESET#0 size contained in the legacy initial DL BWP. For example, as analyzed in Case 2, Case 3 in Table 1, the RedCap UE may need to switch between the separate initial DL BWP for paging monitoring and the legacy initial DL BWP for updated SI reception. However, if such switching is not frequent, the UE’s complexity for DCI size determination may be acceptable. In addition, for RedCap UE in RRC-IDLE/INACTIVE state, even if the UE needs to maintain two fallback DCI format sizes, it will not exceed the 4 DCI sizes budget. Therefore, similar as for non-RedCap, we think the size of the initial DL BWP configured by SIB can be up to  the maximum UE bandwidth, no need of additional restrictions.   
Proposal 6: The supported bandwidths in the separate initial DL BWP for RedCap UEs s can have any values up to the maximum UE bandwidth.

3. Support of the separate initial UL BWP 
It was agreed in the last meeting that for TDD oepration, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE so that frequent RF retuning can be avoided. For the initial DL BWP and UL BWP, further discussion is needed on under which case/conditions, the center frequencies can be assumed to be the same or different for TDD operation.  
From our understanding, for the case that if the separate initial DL BWP is configured without including the CD-SSB and the entire CORESET#0 and if the separate initial UL BWP is also configured for RedCap UEs, then the center frequencies of the initial DL and UL BWPs are expected to be the same. While, for the case that the CD-SSB and CORESET#0 is included in the initial DL BWP, then the center frequencies of its initial DL and UL BWPs can be different regardless whether the initial UL BWP for RedCap UE is separately configured or not. 
Proposal 7: For TDD,
· The center frequencies are assumed to be the same for the initial DL (if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· The center frequencies can be different for the initial DL (if it includes CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
It was agreed that SIB can enable/disable intra-slot FH for PUCCH resource for HARQ-ACK corresponding to Msg4/MsgB for RedCap UEs in case the separate initial UL BWP is configured. Two remaining issues are left. 
First is about the related specification impact, the PRB index for the PUCCH transmission without intra-slot FH for Msg4/MsgB should be clarified. As proposed in [8], that the UE determines the PRB index of the PUCCH transmission as  if ; and   if . The motivation to disable the intra-slot FH for PUCCH is to avoid the uplink resource fragmentation, but based on above proposal, the PRB index determination for PUCCH resource for  i.e., 07 and for  i.e., 8will still be located at both edges of the separate initial UL BWP, which cannot avoid the resource fragmentation. Therefore, following is proposed so that all the PUCCH resources can be allocated at one edge of the separate initial UL BWP. 
Proposal 8: 
· When intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs is disabled, UE determines the PRB index of the PUCCH transmission as 
In addition, for non-RedCap UEs, the  in above equation is the offset between the PUCCH resource and the lower edge of the initial UL BWP, its value is determined by the Table 9.2.1-1 and limited to 0, 2, 3, 4, [image: ]. To ensure the configuration flexibility for the separate initial UL BWP and the common PUCCH resources,  can be separately configured by the network. Alternatively, the  can still use the value determined by the Table 9.2.1-1, but to clarify that for RedCap UEs, the should be the offset relative to the edge of the separate initial UL BWP which is configured by SIB1 and the network can configure the  is either lower edge or higher edge of the separate initial UL BWP. Figure 1 gives an example.
Proposal 9: For RedCap UEs, in case the separate initial UL BWP is configured, the  for PUCCH resource determination of HARQ feedback for Msg4/MsgB can be 
· Option 1: Separately configured by the NW 
· Option 2: Reuse the values in Table 9.1.1-1 of TS 38.213 and clarify that it is the PRB offset relative to either the lower edge or higher edge which is configured by SIB1 of the separate initial UL BWP.
[image: ]
Figure 1 PRB index determination for common PUCCH resources without FH
For the 2nd issue, whether/how to support the multiplexing for the PUCCH with frequency hopping and without frequency hopping, it was claimed by several companies that multiplex PUCCH for non-RedCap UEs without dedicated PUCCH configuration is not possible, since the OCC with index 0 resulting in all ones for the OCC elements is always used before the dedicated PUCCH configuration is provided to the non-RedCap UEs. However, by using different cyclic shifts (CS) of the same base sequence, it is still possible to multiplex PUCCH without FH for RedCap UEs and PUCCH with and without FH for RedCap/non-RedCap UEs. On the other hand, the typical case/configuration should be the configuration on PUCCH for Msg4/B is separate for RedCap and non-RedCap UEs so that their PRB for the PUCCH will not overlap with each other. In addition, it is also noted that the FH can be enabled/disabled for non-RedCap UEs in RRC_CONNECTED state. In this case, similar “issue” already exists for multiplexing the non-RedCap UEs with FH and some other non-RedCap UEs without FH. It is not specific for RedCap UEs. Therefore, we do not any enhancements need to be done for this point. 
Proposal 10: No specification changes are needed to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources for HARQ feedback for Msg4/MsgB for RedCap UEs.

4. RF retuning and BWP switching 
The fast RF switching/retuning or BWP switching/hopping has been discussed in the past three RAN1 meetings and no consensus can be achieved in terms of the benefits, specification impacts and specialness to RedCap rather than non-RedCap UEs. 
From the benefits perspective, it was claimed that there is frequency selective gain and frequency diversity gain by supporting the fast inter-BWP hopping cross the wider bandwidth. However, based on our analysis and evaluation results [9], the gain is quite questionable. 
· For frequency selective gain, in order to select the resource with the best SINR cross the whole system bandwidth e.g. 100MHz, for DL transmission, it requires the RedCap UE to conduct the CSI measurement outside the 20MHz bandwidth at least five times to cover the 100MHz bandwidth. Long interruption e.g. more than 10ms with Type 1 BWP switching delay is expected. The complexity and interruption time will be doubled if taking both DL and UL transmission into account. For TDD operation, it will become more complex and restrictive to conduct the measurement and transmission for DL and UL since the center frequency needs to be kept the same between DL and UL. After such long preparation time, the CSI information may already expire, and the real data transmission may last only a few slots, which could be much shorter than the preparation time, as the packet size for RedCap use cases would typically be small. 
· For frequency diversity gain, considering the RF retuning gap e.g. 2 symbol for 15KHz SCS and 4 symbol for 30KHz SCS [10], there is even performance loss for frequency hopping over 100MHz BW with RF retuning compared to frequency hopping over 20MHz BW without RF retuning. 
From the specification impacts perspective, based on the drafted LS on RF switching time for RedCap UE in [11], there are many cases and questions on the switching time reduction for both FR1 and FR2, it is no doubt that it will consume a lot of RAN4 time. In addition, it may also have RAN1 impacts on timeline change, RAN2 impacts on BWP operation, UE capability etc. 
Last but not the least, it does not make sense to discuss the fast BWP switching for RedCap UEs rather than non-RedCap UEs. It is clear that the BWP framework and requirement in Rel-15/16 are the baseline for RedCap UEs. The new RF retuning/switching behaviour is not necessary for RedCap UEs.   
In summary, due to the increased UE complexity and power consumption, large specification impacts and unclear benefits, there is no need to introduce faster BWP switching delay requirement for RedCap UEs. The existing RRC based, DCI based, or timer based BWP switching methods and the existing BWP switching delay requirement can be reused for RedCap UEs. 
Proposal 11: 
· RAN1 to conclude no faster BWP switching delay requirement than Rel-15/16 will be introduced for RedCap UEs. 
· RAN1 to confirm with RAN4 that Rel-15/16 BWP switching delay requirement can be reused for RedCap UEs. 

5. Conclusion
This contribution discusses remaining issues for the reduced bandwidth for RedCap devices. The observations and proposals are summarized as following:
Observations:
Observation 1: A separately configured initial DL BWP for RedCap UEs does not need to contain the entire CORESET#0 derived from MIB.
Observation 2:  For Case 1 that the separate initial DL BWP includes only a Type1-PDCCH CSS set, it is beneficial to offload the messages needed for random access and can also be used to align the DL/UL center frequency for TDD case when the RedCap UE is configured with a separate initial UL BWP.
Observation 3:  Having non-cell defined SSB with 20ms periodicity transmitted in the separate initial DL BWP has no impacts on the legacy UEs and has negligible impact on the spectral efficiency.
Observation 4:  For Case 1 that the separate initial DL BWP includes only a Type1-PDCCH CSS set, 
· Having non-cell defined SSB transmitted in the separate initial DL BWP is beneficial for RedCap UEs’ power consumption.
· It may not be always necessary to transmit the non-cell defined SSB in the separate initial DL BWP if the separate initial DL BWP is used only for random access for RedCap UEs in RRC_IDLE/INACTIVE state. 
Observation 5:  For Case 2 that the separate initial DL BWP includes only a Type2-PDCCH CSS set, it is beneficial for offloading paging PDCCH and associated paging PDSCH.
Observation 6: For Case 2 that the separate initial DL BWP includes only a Type2-PDCCH CSS set, having non-cell defined SSB transmitted in the separate initial DL BWP is important for RedCap UEs to receive paging with reasonable performance and reduce power consumption. 
Observation 7: For the Case(s) (e.g. Case 2, Case 3 and Case 4) that the separate initial DL BWP include at least a Type2-PDCCH CSS set, having non-cell defined SSB transmitted in the separate initial DL BWP is important for RedCap UEs to receive paging with reasonable performance and reduce power consumption. 
Observation 8: For RedCap UE in RRC_CONNECTED state, the updated system information and ETWS/CMAS information can be delivered to the UE by dedicated RRC signaling.
Observation 9: For a RedCap UE in RRC_CONNECTED state, if the active DL BWP does not include the SSB, frequent RF retuning for T/F tracking, RRM measurement etc. will largely increase RedCap UE’s power consumption and complexity, and the scheduling interruptions. 
Observation 10: The periodicity for additional non-CD SSB is configurable and up to 160ms, which is controlled by the network to reduce the overhead.  

Proposals:
Proposal 1: In case the separate initial DL BWP is configured by SIB1 for RedCap UEs, the separate initial DL BWP should be applicable for both during and after the initial access.
Proposal 2: It is slightly preferred that the separate initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. That means
· In case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, but the separate initial DL BWP is not configured, the cell does not support RedCap UEs.
Proposal 3: For FR1, 
· 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.
· 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 but not CORESET#0/SIB.
· if UE is not configured with searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, UE does not monitor OSI, SIB1 and Paging, respectively in the active BWP.
· 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: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case

Proposal 4: For the configuration of separate initial DL BWP, followings are necessary and should be provided by SIB1:
· locationAndBandwidth, commonControlResourcesSets and commonSearchSpaces 
Proposal 5: For the configuration of separate initial DL BWP, subcarrierSpacing, cyclicPrefix and pdsch-AllocationList can be optionally provided by SIB1. If they are not provided by SIB1, the same configurations for initial DL BWP should be applied to the separate initial DL BWP.

Proposal 6: The supported bandwidths in the separate initial DL BWP for RedCap UEs s can have any values up to the maximum UE bandwidth.   

Proposal 7: For TDD,
· The center frequencies are assumed to be the same for the initial DL (if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· The center frequencies can be different for the initial DL (if it includes CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· When intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs is disabled, UE determines the PRB index of the PUCCH transmission as 
Proposal 8: 
· When intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs is disabled, UE determines the PRB index of the PUCCH transmission as .
Proposal 9: For RedCap UEs, in case the separate initial UL BWP is configured, the  for PUCCH resource determination of HARQ feedback for Msg4/MsgB can be 
· Option 1: Separately configured by the NW 
· Option 2: Reuse the values in Table 9.1.1-1 of TS 38.213 and clarify that it is the PRB offset relative to either the lower edge or higher edge which is configured by SIB1 of the separate initial UL BWP.
Proposal 10: No specification changes are needed to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources for HARQ feedback for Msg4/MsgB for RedCap UEs.
Proposal 11: 
· RAN1 to conclude no faster BWP switching delay requirement than Rel-15/16 will be introduced for RedCap UEs. 
· RAN1 to confirm with RAN4 that Rel-15/16 BWP switching delay requirement can be reused for RedCap UEs. 
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