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1	Introduction
According to the Rel-17 work item description on support of reduced capability NR devices [1], the objective on reduced maximum UE bandwidths is as follows:
	· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.



In RAN1#106-e, the following agreements and working assumptions on reduced maximum UE bandwidths were reached [2]:
	Agreements:
Replace the RAN1#104bis-e working assumption with the following agreement:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· RedCap UEs and non-RedCap UEs can share the same MIB-configured initial DL BWP (including the bandwidth and location).
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs.
 
Agreements:
 Confirm the following working assumptions from RAN1#105-e:
· After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· After initial access (i.e., after RRC Setup, RRC Resume, or RRC Reestablishment), for BWP#0 configuration option 2 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
 
Agreements:
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.
 
Agreements:
· 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.
· Working assumption: The frequency hopping is enabled/disabled at least via SIB.
 



Moreover, the agreements from RAN1#106bis-e are as follows:
	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. LS R1-2110600 is endorsed.
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
2) Remove the blue part of questions
3) [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 section, we present our analysis on the bandwidth (BW) reduction aspects based on the above agreements and working assumptions.
[bookmark: _Hlk67306131]2 	Initial UL BWP
2.1	Multiple initial UL BWPs for RedCap
In the latest feature lead summary (FL5) in RAN1#106bis-e, there was a discussion on whether up to 2 separate initial UL BWPs can also be configured for RedCap. 
The motivation for configuring two separate initial UL BWPs for RedCap is quite limited. In terms of RACH occasions (ROs), using two RedCap initial UL BWPs for covering all ROs shared between RedCap and non-RedCap may only be useful for special cases with 8 FDMed ROs which may not be common. The total frequency span of 8 FDM-ed RACH occasions is greater than 20 MHz in FR1 and 100 MHz in FR2 in the following configurations: 
· Preamble Format 3 in FR1, L=839 (long preamble), 5 kHz SCS: total BW of 8 FDM-ed RACH occasions = 34.56 MHz
· FR1, L=139 (short preamble), 30 kHz SCS: total BW of 8 FDM-ed RACH occasions = 34.56 MHz
· FR2, L=139 (short preamble), 120 kHz SCS: total BW of 8 FDM-ed RACH occasions = 138.24 MHz

Also, if needed, proper gNB configuration can resolve this issue. Although the flexibility of the network configuration for non-RedCap UE can be impacted, such impact is not significant and sufficient capacity can still be achieved with less than 8 FDM-ed RACH occasions (e.g., 4 FDM-ed RACH occasions). Moreover, multiplexing in the time domain can be used to increase PRACH capacity. 
It should be noted that RedCap UEs can have a dedicated RACH configuration and ROs can be fully or partially overlapped with non-RedCap ROs. Then in scenarios where the frequency span of 8 FDMed ROs exceeds the RedCap UE BW, ROs does not need to be fully shared between RedCap and non-RedCap UEs.
In general, defining multiple initial UL BWPs (e.g., two BWPs) for RedCap UEs makes the coexistence of RedCap and non-RedCap more complicated. In particular, it has the following drawbacks: 1) PUSCH resource fragmentation, 2) May need corresponding DL BWP configuration in TDD (in case center frequency alignment is preferred), 3) Significant increase of overhead and reduced spectral/energy efficiency.  
In our view, as illustrated in Figure 1, configuring two separate initial UL BWPs can result in significant overhead from potentially configuring additional SSB and CORESET/CSS in the corresponding DL BWPs. Additionally, this can also result in resource fragmentation even with disabled PUCCH FH.  Especially, since RACH resources are contiguous in frequency, if two RedCap initial UL BWPs are used to cover all ROs, then in most cases it is not possible to place both initial UL BWPs at the edges, which results in PUSCH fragmentation:

[image: ]
[bookmark: _Ref86221931]Figure 1: Issues of configuring two initial UL BWPs for RedCap.

[bookmark: _Toc87060604]The motivation for configuring two initial UL BWPs for RedCap is quite limited while the impact on the coexistence of RedCap and non-RedCap can be significant.
[bookmark: _Toc87060605]Configuration of two separate initial UL BWPs for RedCap UEs can result in PUSCH resource fragmentation and significant overhead from potentially configuring additional SSB and CORESET/CSS in the corresponding DL BWPs.
[bookmark: _Toc87060619]In Rel-17, a single separate initial UL BWP for RedCap UEs can be configured in SIB.

2.2	PUCCH transmissions during initial access
Regarding PUCCH (for Msg4/[MsgB] HARQ feedback) transmissions during initial access, we have the following agreement and FFSs:
	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.



[bookmark: _Toc68606801][bookmark: _Toc68640479][bookmark: _Toc68640596][bookmark: _Toc68640740][bookmark: _Toc68640912][bookmark: _Toc68642460][bookmark: _Toc68642579][bookmark: _Toc68642843][bookmark: _Toc68643006]2.2.1	Disabling frequency hopping
As agreed in RAN1#106bis-e, 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 at least via SIB. In the current specifications, the PUCCH frequency hopping before a dedicated RRC connection is always enabled based on the PUCCH configuration in PUCCH-ConfigCommon from SIB1. Therefore, specification changes are needed to support the possibility of disabling PUCCH frequency hopping for RedCap UEs. For example, for RedCap UEs, a new information element can be added in PUCCH-ConfigCommon in SIB1 to indicate whether the PUCCH frequency hopping for RedCap UEs is enabled or disabled. 

Moreover, the frequency domain resource allocation for PUCCH before dedicated signaling with enabled PUCCH FH (i.e., two hops) is described in TS 38.213 (Section 9.2.1 PUCCH resource sets). This description needs to be updated for RedCap with the option of disabled PUCCH FH where only one frequency hop can be used. In addition, it needs to be specified which frequency hop (PRB) is used for PUCCH transmissions when the FH is disabled. In general, it is desired to have the PUCCH transmissions at the carrier edge to prevent the PUSCH resource fragmentation. Therefore, it is desired to use the PUCCH hop located at the carrier edge and disable the one which is in the middle of the carrier. It may also be beneficial to configure different sets of cell-specific PUCCH resources/parameters (using, for e.g., different indices in Table 9.2.1-1 of TS 38.213) for RedCap and non-RedCap UEs.

[bookmark: _Toc87060606]It is desired to have the PUCCH transmissions at the carrier edge to prevent the PUSCH resource fragmentation. To this end, the PUCCH frequency hop located at the carrier edge should be used for RedCap.
[bookmark: _Toc87060620]It needs to be specified which frequency hop (PRB) is used for PUCCH transmissions when the FH is disabled for RedCap. This may affect the PUCCH resource set to be used for RedCap.
[bookmark: _Toc87060621]Atleast the following specification changes are needed to support enabling/disabling PUCCH FH for RedCap:
· [bookmark: _Toc87060622]TS 38.331 (PUCCH-ConfigCommon): For RedCap UEs, a new information element in SIB to indicate whether the PUCCH frequency hopping for RedCap UEs is enabled or disabled.
· [bookmark: _Toc87060623]TS 38.213 (Section 9.2.1 PUCCH Resource Sets):  Defining PUCCH resource sets for RedCap considering the possibility of disabling PUCCH FH before a dedicated PUCCH resource configuration.

2.2.2	PUCCH multiplexing aspect
Another FFS indicated in RAN1#106bis-e is to identify whether any specification changes are needed  to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources. 
Before a dedicated PUCCH configuration, only PUCCH Format 0 and Format 1 are used. The multiplexing of different UEs for PUCCH transmission can be done by using different time symbols, PRBs, and different cyclic shifts (CS) in time domain or equivalently phase rotation in the frequency domain. Moreover, for Format 1, the orthogonal code codes (OCC) in the time domain to further increase the multiplexing capacity by allowing multiple UEs having the same base sequence and phase rotation be separated using different orthogonal codes. 
According to TS 38.213, “An orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1”. The Table 9.2.1-1 in TS 38.213 corresponds to the PUCCH resource sets before dedicated PUCCH resource configuration (e.g., for Msg4 HARQ feedback). The OCC table from TS 38.211 is copied below.

Table 6.3.2.4.1-2: Orthogonal sequences  for PUCCH Format 1. 
	

	


	
	

	

	

	

	

	

	


	1
	[0]
	-
	-
	-
	-
	-
	-

	2
	[0 0]
	[0 1]
	-
	-
	-
	-
	-

	3
	[0 0 0]
	[0 1 2]
	[0 2 1]
	-
	-
	-
	-

	4
	[0 0 0 0]
	[0 2 0 2]
	[0 0 2 2]
	[0 2 2 0]
	-
	-
	-

	5
	[0 0 0 0 0]
	[0 1 2 3 4]
	[0 2 4 1 3]
	[0 3 1 4 2]
	[0 4 3 2 1]
	-
	-

	6
	[0 0 0 0 0 0]
	[0 1 2 3 4 5]
	[0 2 4 0 2 4]
	[0 3 0 3 0 3]
	[0 4 2 0 4 2]
	[0 5 4 3 2 1]
	-

	7
	[0 0 0 0 0 0 0]
	[0 1 2 3 4 5 6]
	[0 2 4 6 1 3 5]
	[0 3 6 2 5 1 4]
	[0 4 1 5 2 6 3]
	[0 5 3 1 6 4 2]
	[0 6 5 4 3 2 1]



In the table above, if OCC with index 0 (PUCCH Format 1) is used, the elements of OCC will be only ones. For example, if  , the OCC w0(0, 1, 2, 3, 4) = [1 1 1 1 1]. Since the OCC is composed of only with ones, then in this case OCC does not impact the multiplexing of PUCCH transmissions. Given that OCC with index 0 is always used before dedicated PUCCH configuration, it may not be possible to multiplex PUCCH for UEs without dedicated config only by relying on OCC, even in legacy NR. However, it is possible to multiplex PUCCH using different CS of the same base sequence or using different PRBs (or symbols) for PUCCH transmissions.
Based on the above discussions, there is no concern on multiplexing of PUCCH without FH for RedCap UEs before dedicated configuration and PUCCH with and without FH for RedCap/non-RedCap UEs. 
[bookmark: _Toc87060607]According to TS 38.213, an orthogonal cover code (OCC) with index 0 is used for a PUCCH resource with PUCCH Format 1 in Table 9.2.1-1.
[bookmark: _Toc87060608]For OCC with index 0 (PUCCH Format 1), the elements of OCC will be only ones thus OCC does not impact the multiplexing of PUCCH transmissions. 
[bookmark: _Toc87060609]Multiplexing of PUCCH transmissions (with or without FH) can be done by using different time symbols, PRBs, and different cyclic shifts (CS) in time domain.
[bookmark: _Toc87060624]There is no need for any enhancements or specification changes in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.

3	Initial and RRC-configured DL BWPs
Regarding initial and RRC-configured DL BWPs for RedCap, three key open issues are: 1) Configuration of a separate initial DL BWP, 2) UL/DL center frequency in TDD, and 3) SSB presence in a DL BWP. 
Here, we provide our view on the most important aspects of initial and RRC-configured DL BWPs for RedCap.
3.1	Separate initial DL BWP
Using a separate SIB-configured initial DL BWP for RedCap is important for an efficient coexistence of RedCap and non-RedCap UEs and it provides flexibility and offloading benefits. In particular, while preventing the PUSCH resource fragmentation, if the UL/DL center frequency alignment is preferred, it is essential to have the possibility of configuring a separate or additional bandwidth and location for initial DL BWP for RedCap UEs. 
Related to configuring/defining a separate initial DL BWP for RedCap UEs, we have the following working assumption in RAN1#105-e:
	[bookmark: _Hlk83024166]Working assumption:
· At least for TDD, 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 at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case



The working assumptions from RAN1#106-bis-e are as follows:
	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




The configuration for a separately configured initial DL BWP for RedCap UEs can be signaled in SIB. Specifically, such separate SIB-configured RedCap initial DL BWP can be configured by defining a new information element (IE) e.g., initialDownlinkBWP within DownlinkConfigCommonSIB which is carried via SIB1. However, the detailed signaling solution for the configuration of the RedCap initial BWP is up to RAN2.
For Rel-15/16 UEs, the network configures the locationAndBandwidth so that the initial DLBWP contains the entire CORESET#0 of this serving cell in the frequency domain. The UE applies the locationAndBandwidth upon reception of this field (e.g., to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment. Therefore, the UE does not use the location and BW (defined in IE locationAndBandwidth) for its initial DL BWP during the initial access. For RedCap UEs, however, the SIB-configured initial DL BWP with specified IE locationAndBandwidth should be used during the initial access as well. In this case, after reception of CORESET #0 and decoding SIB1, the RedCap UE can switch to the separate SIB-configured initial DL BWP during the initial access. Such flexibility in the location of the initial DL BWP during initial access is beneficial for TDD UL/DL center frequency alignment when the initial UL BWP is located at the edge of the carrier to minimize the PUSCH resource fragmentation. Moreover, having a separate SIB configured initial DL BWP during initial access can be beneficial for offloading purposes for both FDD and TDD scenarios. 
[bookmark: _Toc87060625]A separate SIB-configured initial DL BWP for RedCap can be used during the initial access.
[bookmark: _Toc87060626]For RedCap UEs, the IE locationAndBandwidth specified in the SIB-configured initial DL BWP can be applied and used during the initial access.
[bookmark: _Toc87060627]Confirm the working assumption in the sub-bullet related to separate initial DL BWP from RAN1#106-bis-e that “It can be used during initial access”.

For legacy UEs, a SIB-configured initial DL BWP always contains MIB-configured CORESET #0 and it is used after initial access. For RedCap UEs, similar to the legacy case, a separate SIB-configured initial DL BWP can be used after initial access at least when it contains CORESET #0.
[bookmark: _Toc87060628]Confirm the working assumption in the sub-bullet related to separate initial DL BWP from RAN1#106-bis-e that “It applies at least after initial access for FR1 when MIB configured CORESET#0 is included”.

Another FFS identified in RAN1#106-bis-e if the separate RedCap initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. Clearly, when the non-RedCap initial DL BWP is wider than the maximum RedCap UE bandwidth, it is not possible to share the initial DL BWP between RedCap and non-RedCap UEs. In this case, there are two options for RedCap: 
1) A separate initial DL BWP is configured for RedCap.
2) RedCap uses the MIB-configured CORESET #0 as its initial DL BWP.
Depending on the scenario, it may not be necessary to always configure a separate initial DL BWP for RedCap and it can rely on the MIB-configured initial DL BWP (i.e., CORESET #0).  Specifically, in TDD, in scenarios where the non-RedCap initial DL BWP has a similar size as non-RedCap initial UL BWP, it is possible to place the MIB-configured CORESET #0 near the carrier edge, as illustrated in Figure 2 . In this case, RedCap UEs can use the MIB-configured CORESET #0 as its initial DL BWP without the need for configuring a separate SIB-configured initial DL BWP. Similarly, in FDD, the RedCap can use MIB-configured CORESET #0 (which does not need to be located at the carrier edge) as the initial DL BWP. 
[image: ]
[bookmark: _Ref86258985]Figure 2: A scenario where MIB-configured CORESET #0 is used as the initial DL BWP for RedCap in TDD.

Therefore, it is not always necessary to configure a separate SIB-configured initial DL BWP for RedCap.
[bookmark: _Toc87060629]It is not necessary to always configure a separate SIB-configured initial DL BWP for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. 
[bookmark: _Toc87060630]The RedCap UE uses the separate SIB-configured initial DL BWP (if configured), otherwise, it continues using the MIB-configured CORESET #0.
[bookmark: _Toc87060631]Confirm the working assumptions (in the main bullet and sub-bullets)  from RAN1#106-bis-e related to separate SIB-configured initial DL BWP for RedCap that: “For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB”. This applies to both FR1 and FR2. 

Moreover, based on the latest feature lead summary in RAN1#106-bis-e, the following aspects are under discussion:
	High Priority Proposal 3.2-5-1a:
For FR1,
· If a separate SIB-configured initial DL BWP for RedCap UEs is configured,
· It contains at least one CORESET and at least one CSS.
· It can be used both during and after initial access.
· [bookmark: _Hlk86394929]FFS: However, if it contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.



Also, the configuration of a DL BWP will naturally contain configuration of CORESET(s) and CSS(s). In fact, according to TS 38.213 Clause 12, the UE does not expect to be configured without a CSS set on the PCell:
	For each DL BWP in a set of DL BWPs of the PCell, or of the PUCCH-SCell, a UE can be configured CORESETs for every type of CSS sets and for USS as described in Clause 10.1. The UE does not expect to be configured without a CSS set on the PCell.



In particular, if a separate initial DL BWP is configured for RedCap, it should contain the configuration of CORESET/CSS for random access.
[bookmark: _Toc83986554][bookmark: _Toc87060632]A separate initial DL BWP for RedCap should contain configurations of CORESET/CSS at least for random access. This applies to both FR1 and FR2.

Based on the current NR specifications, UEs can monitor PDCCH candidates intended for RAR/paging/system information messages in CORESET #0 or another CORESET. If the UE is not provided with a CORESET for any of the Type0A-PDCCH/Type1-PDCCH/Type2-PDCCH common search spaces, the corresponding CORESET would be CORESET #0. An additional CORESET (other than CORESET #0) may also be configured and used for RAR/paging/system information. In this case, the network configures the commonControlResourceSet in SIB1 such that it is contained in the bandwidth of CORESET #0. 
For RedCap UEs, if the separate SIB-configured initial DL BWP contains the entire CORESET #0, similar behavior as legacy UEs can be considered. In this case, RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access. 
[bookmark: _Toc87060633]If a separate SIB-configured initial DL BWP for RedCap contains the entire MIB-configured CORESET #0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.

Whether a separate SIB-configured initial DL BWP contains the entire CORESET #0:
The key motivation of configuring a separate SIB-configured initial DL BWP for RedCap is that it enables the TDD UL/DL center frequency alignment when the initial UL BWP is placed at the edge of the carrier for minimizing the PUSCH resource fragmentation. In TDD scenarios, if the initial UL BWP and initial DL BWP for RedCap UEs should have the same center frequency, the DL BWP also needs to be placed close to the edge of the carrier. A separate initial DL BWP can also be beneficial for offloading during the initial access. Here, two cases can be considered for RedCap:
· Case 1: Separate initial DL BWP does not necessarily contain the entire CORESET #0.
In this case, the location of the SIB-configured initial DL BWP is not constrained with the frequency location of CORESET #0 and, hence, there is flexibility in placing the initial DL BWP. For example, in a TDD scenario with initial UL BWP being located at the edge of the carrier, the initial DL BWP can also be placed close to the edge of the carrier and be co-centered with the initial UL BWP. Meanwhile, when the initial DL BWP does not contain the entire CORESET #0, there is also a benefit from offloading perspective. However, since the UE needs to rely on CORESET #0 at least for acquiring SIB1, it may need to switch to CORESET #0 when the initial DL BWP does not contain the entire CORESET #0. Note that after decoding MIB, the UE has the required information (e.g., CORESET #0 configuration) for acquiring SIB1. Therefore, SIB1 must be scheduled using CORESET #0 as it is not possible to configure a separate CORESET for SIB1 in the MIB which only has 1 spare bit left. Thus, we can only have one MIB-configured CORESET #0. SIB1 also provides information about availability and scheduling (e.g., periodicity, SI-window size) of other SIBs (SIBx with x>1, e.g., SIB2, SIB3, etc.) which may or may not be scheduled using CORESET #0. Hence, if the SIB-configured initial DL BWP does not contain the entire CORESET #0, a RedCap UE may need to switch to CORESET #0 for SIB1 (and potentially other SIBs) updates. We note that, when the RedCap initial DL BWP contains the configurations of CORESET/CSS for random access and paging, the UE is not expected to retune periodically to monitor CORESET#0. The UE would only need to retune to read SIB1 when there is SI update notification in the paging DCI, and this is expected to happen infrequently.
[image: ]
[bookmark: _Ref82193075][bookmark: _Ref82193067]Figure 3: Initial UL/DL BWPs configurations in TDD (RedCap DL BWP does not cover CORESET #0).

· Case 2: Separate initial DL BWP must contain the entire CORESET #0.
In this case, like Rel-15/16 NR UEs the initial DL BWP contains the entire CORESET #0 thus it can receive SIB without any need for RF retuning. However, if CORESET #0 is not located close to the edge carrier, the initial DL BWP will not be at the edge. Consequently, in TDD, when the initial UL BWP is located at the carrier edge, the initial DL BWP may not have the same center frequency which results in the RF retuning between UL BWP and DL BWP center frequencies. Further, due to the RedCap UE bandwidth limitation, a separate initial DL BWP that contains CORESET #0 does not provide considerable offloading benefits. Note that, in TDD, the following two conditions may not be simultaneously satisfied: 1) Initial DL BWP contains CORESET #0 and 2) Center frequency alignment for initial UL/DL BWPs. As an example, Figure 3 illustrate a configuration of TDD initial UL/DL BWPs in which the RedCap initial DL BWP cannot cover CORESET #0 if it is aligned with the RedCap initial UL BWP located at the carrier edge. Therefore, the if the separate initial DL BWP for RedCap must contain CORESET #0, it must also be allowed to have different center frequencies for initial UL and DL BWPs in TDD. 
In terms of RF retuning, the potential RF retuning needed for acquiring SIB1 (and potentially other SIBs) updates (scheduled using CORESET #0) is not frequent. Also, in terms of flexibility and offloading (if needed), Case 1 outperforms Case 2.
[bookmark: _Toc79132265][bookmark: _Toc79132760][bookmark: _Toc79135192][bookmark: _Toc79135460][bookmark: _Toc79135585][bookmark: _Toc79135699][bookmark: _Toc79135800][bookmark: _Toc79135894][bookmark: _Toc79135985][bookmark: _Toc79136094][bookmark: _Toc79137597][bookmark: _Toc79137641][bookmark: _Toc79145768][bookmark: _Toc87060634]In TDD, the separate initial DL BWP for RedCap does not need to contain the entire CORESET #0. 

Supported bandwidths in the separate initial DL BWP:
The bandwidth of a MIB-configured initial DL BWP (i.e., CORESET #0) can be 24, 48, or 96 PRBs. The bandwidth and location of a SIB-configured initial DL BWP is determined based on a resource indicator value (RIV) provided in IE locationAndBandwidth in the BWP configuration. For non-RedCap UEs the size of the BWP can be up to the maximum UE bandwidth. Similarly, for RedCap UEs the bandwidth of the separate initial DL BWP can have any value up to the maximum UE bandwidth (i.e., 20 MHz in FR1 and 100 MHz in FR2). 
[bookmark: _Toc71530329][bookmark: _Toc71530390][bookmark: _Toc71530462][bookmark: _Toc71530644][bookmark: _Toc71539250]
3.2	UL/DL center frequency in TDD
Regarding TDD UL/DL center frequency alignment, we have the agreements and FFSs:
	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.




where Option 1 and Option 2 are as follows:
	· 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.
· 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 RedCap initial UL and DL BWPs, one of the FFSs related to TDD UL/DL center frequency alignment is whether center frequencies are assumed to be the same when the initial DL BWP does not include CD-SSB and CORESET #0. 
The support of different center frequencies for initial UL/DL BWPs in TDD resolves the potential concerns regarding the PUSCH resource fragmentation and the presence of SSB and CORESET #0 within the initial DL BWP. Specifically, the initial UL BWP can be placed at the edge while the initial DL BWP can be placed where it can contain both SSB, CORESET #0, and CSSs for SI, random access, and paging.  Although RF retuning between initial UL and DL BWPs might be needed, it is not expected to be an issue as far as the UE implementation is concerned, considering the relaxed required switching time between DL and UL during initial access. Also, such frequency retuning between DL and UL center frequencies is anyway needed for half-duplex FDD UEs which is acceptable from UE complexity perspective.

[image: ]
Figure 4: TDD initial UL/DL BWPs with different center frequencies for RedCap (initial DL BWP contains SSB and CORESET #0).

[bookmark: _Toc87060610]With the support of separate center frequencies for initial UL/DL BWPs in TDD during initial access, all concerns regarding the PUSCH resource fragmentation and the presence of CD-SSB and CORESET #0 within the initial DL BWP are resolved.
[bookmark: _Toc87060611]During initial access, frequency retuning between initial DL and UL BWPs center frequencies is not expected to be an issue as far as the UE implementation is concerned, given the relaxed required switching time between DL and UL during initial access.
[bookmark: _Toc87060635][bookmark: _Toc83986540]For TDD, RAN 1 should down-select between the following cases for RedCap: 
· [bookmark: _Toc87060636]Case 1: The center frequencies for initial UL/DL BWPs can be different, but the initial DL BWP always contains the CORESET #0 and SSB.
· [bookmark: _Toc83986541][bookmark: _Toc87060637]Case 2: The center frequencies for initial UL/DL BWPs are always the same, but the initial DL BWP does not necessarily contain CORESET #0.

Another FFS is, for Option 1 and Option 2 (mentioned above), whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0. For Option 1, the RedCap UE does not expect the separate initial DL BWP to contain SSB/CORESET#0/SIB. This case is the result of ensuring TDD UL/DL center frequency alignment as otherwise the initial DL BWP for RedCap can always contain both CD-SSB and CORESET #0 (at least in FR1). For Option 2, the UE does not expect the separate initial DL BWP to contain SSB/CORESET#0/SIB if it is not used for paging in idle/inactive mode, and does not expect CORESET#0/SIB if it is configured for paging. Again,  the underlying assumption is that  the TDD UL/DL center frequency alignment  is ensured. Therefore, both Option 1 and Option 2 correspond to scenarios where initial UL/DL BWPs have the same center frequency.

[bookmark: _Toc87060638]Option 1 and Option 2 correspond to scenarios where initial UL/DL BWPs have the same center frequency.
[bookmark: _Toc87060639]By supporting different center frequencies for initial UL/DL BWPs for RedCap in TDD, the initial DL BWP can always contain CD-SSB/CORESET#0/SIB (at least in FR1) thus discussions on SSB presence in the initial DL BWP as per Option 1 and Option 2 can be omitted.

3.3 	SSB transmissions in DL BWP
The two options (Option 1 and Option 2) mainly related to presence of SSB in initial/RRC-configured DL BWPs are as follows:
	· 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.
· [bookmark: _Hlk86424594]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



In general, transmission of additional SSBs results in significant overhead, increased inter-cell interference, and reduced network energy/spectral efficiency. Such negative impacts are particularly pronounced in FR2 in which up to 64 SSBs may need to be transmitted (i.e., one SSB per beam) may need to be transmitted. Moreover, since multiple BWPs can be configured for RedCap UEs, the overhead can be significant if additional SSBs need to be transmitted in all DL BWPs. For example, in a 40 MHz TDD carrier with three RedCap-specific DL BWPs, the additional overhead of SSB transmissions can be around 6%. In FR2 with an analog beamforming where only one beam can be active during the SSB duration, the entire carrier bandwidth cannot be utilized. This results in a significant overhead in FR2. For example, considering 64 SSBs per SSB burst, a 20 ms SSB periodicity, and a 50% DL/UL split, the overhead is over 21%.   Meanwhile, the UE may need to monitor SSB for the time-frequency synchronization and RRM measurement purposes. In general, it is not efficient to always transmit additional SSBs if a DL BWP does not contain an SSB and UE can also relay on RF retuning to acquire legacy SSBs. However, in this case, the impacts on the performance and UE complexity/power consumption should also be taken into account.
[bookmark: _Toc87060612]Transmitting additional SSBs in every DL BWP results in significant overhead, increased inter-cell interference, and reduced network energy/spectral efficiency. 
[bookmark: _Toc87060613]In a 40 MHz TDD carrier with three RedCap-specific DL BWPs, the additional overhead of SSB transmissions can be around 6%.
[bookmark: _Toc87060614]In FR2, considering 64 SSBs per SSB burst, a 20 ms SSB periodicity, and a 50% DL/UL split, the overhead of SSB transmissions is over 21%.   
[bookmark: _Toc87060615]UE may need to relay on SSB for various purposes including time-frequency synchronization and RRM measurements.

Considering the tradeoffs pertaining to presence of SSBs in RedCap DL BWPs, Option 2 (mentioned above) is a reasonable compromise from the network side and the UE side perspective. In the following we discuss different scenarios. 
3.3.1	Separate initial DL BWP for random access but not for paging
To avoid PUSCH resource fragmentation for non-RedCap UEs, it is desired to place the UL BWPs used for RedCap UEs near the carrier edge. Then, in TDD, if it is necessary to achieve center frequency alignment the corresponding DL BWPs for RedCap UEs would also need to be placed near the carrier edge.
The above mainly concerns random access and connected mode operation. When the UE is only monitoring paging in idle mode and not transmitting anything in UL, the DL BWP does not need to be near the carrier edge. If for every DL BWP that is used for paging the network needs to constantly transmit SSB, then it may not be preferrable to use a separate DL BWP for paging. Since gNB has no idea whether there are RedCap UEs in the cell that might eventually need to be paged, gNB would be forced to transmit SSB all the time even if there are no RedCap UEs around. This is not an attractive solution, especially not in an initial deployment stage where the number of RedCap UEs may not be large to potentially motivate this cost on the network side.
If no separate DL BWP is configured for paging and instead the RedCap UE is camping and monitoring paging, e.g., in the center of the carrier together with non-RedCap UEs, the RedCap UE will be able to receive SSB there. Then, once the UE needs to perform random access, it can move to the separate BWPs configured for random access, and its latest SSB measurement can be useful also for random access in the separate BWP for random access.

[image: ]
Figure 5: RedCap uses MIB-configured CORESET #0/SSB for paging and then switches to a separate initial DL BWP for random access.

[bookmark: _Toc87060616]In inactive/idle mode, the RedCap UE can rely on the MIB-configured CORESET #0 and legacy SSB for paging and then switch to a separate initial DL BWP for random access.
[bookmark: _Toc87060640]If the separate initial DL BWP is configured for random access but not for paging, then the UE does not expect SSB transmission in the separate initial DL BWP. In this case, the network may or may not configure an SSB in the separate initial DL BWP for RedCap.

In principle, an initial DL BWP can also be used in connected mode. However, for BWP#0 configuration option 1, the initial DL BWP has a limited functionality as it does not have UE-specific configurations. Hence, UE typically switches to a non-initial RRC-configured DL BWP after initial access. Meanwhile, the initial BWP can act as a default BWP which can be used for the purpose of power saving after the initial access. However, for RedCap UEs the use of initial DL BWP in connected mode for power saving purposes is quite limited. This is because the RedCap initial DL BWP is almost as large as UE BW (e.g., 20 MHz in FR1), and thus the power saving gain by switching to the DL initial BWP is small. For non-RedCap UEs with a large BW (e.g., 100 MHz), the is more motivation to switch to a significantly smaller initial DL BWP for power saving.  
[bookmark: _Toc87060617]For BWP#0 configuration option 1, the use of initial DL BWP in connected mode is quite limited from both functionality and power saving perspectives.

For BWP#0 configuration option 1, since the initial DL BWP is rarely used in the connected mode,  there is no need to transmit additional SSBs. In this case, the potential impact on the RedCap UE if SSB is not present is small and the UE can rely on the RF-retuning to CD-SSB (which might be rarely needed).
[bookmark: _Toc86927303][bookmark: _Toc87060641]For BWP#0 configuration option 1, if the separate initial DL BWP is configured for random access but not for paging, then the UE does not expect SSB transmission in the separate initial DL BWP in RRC idle/inactive/connected states.

3.3.2	Separate initial DL BWP for paging and random access
In case the separate initial DL BWP is used for both paging and random access, the UE can rely on RF retuning to acquire an SSB when it is not present in the separate initial DL BWP. For example, during DRX inactive times, the RedCap UE can retune to the legacy SSB for time-frequency tracking and RRM measurements then retune back to the initial DL BWP to avoid any interruption during DRX ON periods. In this case, it can be ensured that the UE does not miss paging. The network can provide SSB measurement timing configuration (SMTC) comprising various parameters such as SMTC periodicity which can be {5 ms, 10 ms, 20 ms, 40 ms, 80 ms, 160 ms}. With proper configuration of DRX cycle (e.g., long DRX) and SMTC periodicity (e.g., small periodicity), the RedCap UE can have sufficient time and flexibility to acquire the legacy SSB located outside its initial DL BWP. Therefore, depending on the SSB monitoring periodicity and the DRX cycle, additional SSBs are not required to be transmitted in the separate initial DL BWP for RedCap.
[image: ]
Figure 6: RedCap acquiring legacy SSB during DRX inactive time

[bookmark: _Toc87060618]In case the separate initial DL BWP is used for both paging and random access, the RedCap UE can rely on RF retuning to acquire legacy SSB during DRX inactive time.
[bookmark: _Toc87060642]Whether the network configures an additional SSB to be transmitted in the separate initial DL BWP for RedCap should be based on the SSB monitoring periodicity (i.e., SMTC configuration) and the DRX cycle. 
[bookmark: _Toc87060643]In TDD, whether an additional SSB is transmitted in a separate initial DL BWP for RedCap, is based on the following conditions:
· [bookmark: _Toc83986570][bookmark: _Toc87060644]Additional SSBs may or may not be transmitted if DRX cycle ≥ T1 (e.g., 1280 ms)
· [bookmark: _Toc83986571][bookmark: _Toc87060645]Additional SSBs may or may not be transmitted if SMTC periodicity ≤ T2 (e.g., 20 ms)
· [bookmark: _Toc83986572][bookmark: _Toc87060646]Additional SSBs may or may not be transmitted if SMTC periodicity ≤ T3 and DRX cycle ≥ T4 (e.g., T3 = 40 ms, T4= 640 ms)
· [bookmark: _Toc83986573][bookmark: _Toc87060647]Otherwise, additional SSBs are transmitted.

3.3.3	RRC-configured active DL BWP
An RRC-configured active DL BWP can have a more frequent use compared to the initial DL BWP. Therefore, it is desired to have an SSB in the RRC-configured active DL BWP in connected mode. If the RedCap RRC-configured active DL BWP does not contain a CD-SSB, additional NCD-SSBs can be transmitted upon RAN2/4 approval. In addition, as previously discussed, whether the network configures an additional SSBs to be transmitted in the DL BWP for RedCap can be based on the SSB monitoring periodicity (i.e., SMTC configuration) and the DRX cycle. 
Note that, since it may not be possible to always place CORESET #0 near the carrier edge, the DL BWP may not contain CORESET #0. Therefore, even if additional non-cell defining SSBs (non-CD SSBs) are transmitted in the RedCap DL BWP, it may not contain CORESET #0 thus it may not fulfil FG 6-1 requirement. This can be considered as a special case of FG 6-1a in which RRC-configured DL BWP contains SSB but not CORESET #0 (as shown in Figure 7).  
Moreover, RedCap UEs are not able to simultaneously receive SSB and CORESET #0 for one special CORESET #0/SSB multiplexing pattern in FR2, namely pattern 2 for 240 kHz SSB and 120 kHz PDCCH SCS. Based on [5] (TS 38. 213, Table 13-10), only the cases listed  in table below result in a total bandwidth larger than 100 MHz (around 126-128 MHz) which exceed the RedCap UE bandwidth in FR2. In the table, kssb is the number of subcarriers indicating SSB offset from the PRB grid. Therefore, in this case the RRC-configured DL BWP cannot contain both SSB and CORESET #0.  

Table 1: Cases that exceed RedCap UE bandwidth in FR2, {SS/PBCH block, PDCCH} SCS is {240, 120} kHz, multiplexing pattern 2.
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols 
	Offset (RBs) 

	6
	2
	48
	1
	-41 if kssb=0
-42 if kssb>0

	7
	2
	48
	1
	49




[image: ]
[bookmark: _Ref82448923]Figure 7: RedCap non-initial DL BWP containing SSB but not CORESET #0.
Regarding the use of CSI-RS and/or measurement gaps instead of NCD-SSB, our analysis in [9] shows that this is not always feasible. Even if periodic CSI-RS resources are configured the cell detection is still based on SSB. Furthermore, CSI-RS based mobility requirements are applicable only under certain constrains (section 9.10.2.5, 38.133). Furthermore, the use of measurement gaps for the RF retuning may not be possible since RedCap non-initial BWP can be configured in idle state. 
Based on the above discussion, we have the following observation and proposal:
[bookmark: _Toc87060648]For an RRC-configured active DL BWP in connected mode, RedCap UE expects it to contain an NCD-SSB (upon RAN2/4 approval) for serving cell but not CORESET#0/SIB.
Note that the above observations and proposals are applicable to both FR1 and FR2. Moreover, since in FDD the DL BWP does not need to be placed at the carrier edge it can always contain the CD-SSB. Therefore, the discussions on the presence of the SSB in a DL BWP mainly concern TDD scenarios.
Based on the above discussions, we have the following compromised proposal regarding transmission of additional SSBs for RedCap.
[bookmark: _Toc87060649]Regarding SSB transmissions in a RedCap DL BWP in TDD for FR1: 
· [bookmark: _Toc87060650]For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0):
· [bookmark: _Toc87060651]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.
· [bookmark: _Toc87060652]If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· [bookmark: _Toc87060653]For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0):
· [bookmark: _Toc87060654]RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· [bookmark: _Toc87060655]In TDD, whether an additional SSB is transmitted in a separate initial DL BWP for RedCap is based on SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle.

It should be noted that depending on RAN2/4 feedback on the feasibility of using NCD SSB, the fall-back option regarding the presence of SSBs in RedCap DL BWPs should be Option 1.
[bookmark: _Toc87060656]Depending on RAN2/4 feedback on the feasibility of using NCD SSB, consider the following fall-back options regarding the presence of SSBs in RedCap DL BWPs: 
· [bookmark: _Toc87060657]If using NCD-SSB is not feasible in idle/inactive but feasible in connected mode, the initial DL BWP should not contain paging CSS thus it does NOT expect it to contain SSB/CORESET#0/SIB. For an RRC-configured active DL BWP in connected mode, RedCap UE expects it to contain an NCD-SSB for serving cell but not CORESET#0/SIB.
· [bookmark: _Toc87060658]If using NCD-SSB is not feasible in idle/inactive and connected modes, Option 1 is the fall-back option for which the RedCap UE does NOT expect its DL BWP to always contain SSB/CORESET#0/SIB.

As we previously discussed the overhead of additional SSB transmissions is significant in FR2. In particular, in FR2 with analogue beamforming where up to 64 SSBs can be transmitted, the additional overhead can be over 21%. Due to such significant overhead, increased inter-cell interference, and reduced network energy/spectral efficiency, additional SSBs should not be transmitted in FR2. Therefore, we prefer Option 1 regarding the presence of SSBs in RedCap DL BWPs in FR2.
[bookmark: _Toc87060659]Regarding SSB transmissions in a RedCap DL BWP in FR2, Option 1 is considered for which the RedCap UE does NOT expect its DL BWP to always contain SSB/CORESET#0/SIB.

3.4	SI updates
When there is SI update for a RedCap UE and the RedCap UE is operating in a DL BWP which does not include the entire CORESET#0, different solutions can be considered: 
· In RRC connected state, dedicated SIB delivery via RRC signaling or paging notification if the DL BWP contains the paging CSS.
· In RRC idle/inactive state:
· If the initial DL BWP is configured with paging CSS, UE can expect to receive paging notification in this initial DL BWP. Consequently, it can retune to CORESET #0 to read SIB1 when there is SI update notification in the paging DCI configurations.
· If the initial DL BWP is configured without paging CSS, UE can retune to CORESET #0 for SI update notification reading SIB1.

Note that, according to the current specifications, UEs in RRC idle or in RRC inactive shall monitor for SI change indication in its own paging occasion every DRX cycle. UEs in RRC connected shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with common search space on the active BWP to monitor paging.
[bookmark: _Toc87060660]For SI update in RRC connected state when the RedCap DL BWP does not contain the entire CORESET #0, RedCap UEs rely on dedicated SIB delivery via RRC signaling or paging notification if the DL BWP contains the paging CSS. 
[bookmark: _Toc87060661]For SI update in RRC idle/inactive state when the RedCap initial DL BWP does not contain the entire CORESET #0, RedCap UEs rely on switching to CORESET #0.

3.5	New FG for RedCap
Regarding non-initial BWP operation and UE feature groups (FG)s for RedCap, we have the following agreement from RAN
	Agreements: Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.




In Table 2, FGs 6-1 and 6-1a related to the BWP operation are listed. 
[bookmark: _Toc67770514][bookmark: _Toc67908110][bookmark: _Toc68187652][bookmark: _Toc68290575]
[bookmark: _Ref70790649]Table 2: UE feature list for BWP operation [6].
	Index
	Feature group
	Components
	Prerequisite feature groups
	Note
	Mandatory/Optional

	6-1
	Basic BWP operation with restriction
	1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET #0 (if CORESET #0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell
	
	This feature should be mandatory without capability signaling for at least BWPs which is the same as the set of specified channel BW

UE-specific RRC configured DL/UL BWP can have the same or different numerology from the initial active DL/UL BWP
	Mandatory without capability signaling

	6-1a
	BWP operation without restriction on BW of BWP(s)
	BW of UE-specific RRC configured BWP may not include BW of the CORESET #0 (if CORESET #0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell
	6-1, 6-2, 6-3, or 6-4
	6-1a is applicable to 6-1, 6-2, 6-3, or 6-4.
	Optional with capability signaling



As previously discussed, a UE specific RRC-configured DL BWP for RedCap may not always contain CORESET #0. Even if additional SSBs are provided in the RedCap DL BWP, it may not contain the entire CORESET #0. Therefore, a RedCap UEs should support a new FG which falls between FG 6-1 and FG 6-1a.
[bookmark: _Toc83986575][bookmark: _Toc87060662]The RedCap UE should support a new FG for BWP operation where an RRC-configured DL BWP contains SSB but not CORESET #0.

4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The motivation for configuring two initial UL BWPs for RedCap is quite limited while the impact on the coexistence of RedCap and non-RedCap can be significant.
Observation 2	Configuration of two separate initial UL BWPs for RedCap UEs can result in PUSCH resource fragmentation and significant overhead from potentially configuring additional SSB and CORESET/CSS in the corresponding DL BWPs.
Observation 3	It is desired to have the PUCCH transmissions at the carrier edge to prevent the PUSCH resource fragmentation. To this end, the PUCCH frequency hop located at the carrier edge should be used for RedCap.
Observation 4	According to TS 38.213, an orthogonal cover code (OCC) with index 0 is used for a PUCCH resource with PUCCH Format 1 in Table 9.2.1-1.
Observation 5	For OCC with index 0 (PUCCH Format 1), the elements of OCC will be only ones thus OCC does not impact the multiplexing of PUCCH transmissions.
Observation 6	Multiplexing of PUCCH transmissions (with or without FH) can be done by using different time symbols, PRBs, and different cyclic shifts (CS) in time domain.
Observation 7	With the support of separate center frequencies for initial UL/DL BWPs in TDD during initial access, all concerns regarding the PUSCH resource fragmentation and the presence of CD-SSB and CORESET #0 within the initial DL BWP are resolved.
Observation 8	During initial access, frequency retuning between initial DL and UL BWPs center frequencies is not expected to be an issue as far as the UE implementation is concerned, given the relaxed required switching time between DL and UL during initial access.
Observation 9	Transmitting additional SSBs in every DL BWP results in significant overhead, increased inter-cell interference, and reduced network energy/spectral efficiency.
Observation 10	In a 40 MHz TDD carrier with three RedCap-specific DL BWPs, the additional overhead of SSB transmissions can be around 6%.
Observation 11	In FR2, considering 64 SSBs per SSB burst, a 20 ms SSB periodicity, and a 50% DL/UL split, the overhead of SSB transmissions is over 21%.
Observation 12	UE may need to relay on SSB for various purposes including time-frequency synchronization and RRM measurements.
Observation 13	In inactive/idle mode, the RedCap UE can rely on the MIB-configured CORESET #0 and legacy SSB for paging and then switch to a separate initial DL BWP for random access.
Observation 14	For BWP#0 configuration option 1, the use of initial DL BWP in connected mode is quite limited from both functionality and power saving perspectives.
Observation 15	In case the separate initial DL BWP is used for both paging and random access, the RedCap UE can rely on RF retuning to acquire legacy SSB during DRX inactive time.
Based on the discussion in the previous sections we propose the following:
Proposal 1	In Rel-17, a single separate initial UL BWP for RedCap UEs can be configured in SIB.
Proposal 2	It needs to be specified which frequency hop (PRB) is used for PUCCH transmissions when the FH is disabled for RedCap. This may affect the PUCCH resource set to be used for RedCap.
Proposal 3	Atleast the following specification changes are needed to support enabling/disabling PUCCH FH for RedCap:
	TS 38.331 (PUCCH-ConfigCommon): For RedCap UEs, a new information element in SIB to indicate whether the PUCCH frequency hopping for RedCap UEs is enabled or disabled.
	TS 38.213 (Section 9.2.1 PUCCH Resource Sets):  Defining PUCCH resource sets for RedCap considering the possibility of disabling PUCCH FH before a dedicated PUCCH resource configuration.
Proposal 4	There is no need for any enhancements or specification changes in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.
Proposal 5	A separate SIB-configured initial DL BWP for RedCap can be used during the initial access.
Proposal 6	For RedCap UEs, the IE locationAndBandwidth specified in the SIB-configured initial DL BWP can be applied and used during the initial access.
Proposal 7	Confirm the working assumption in the sub-bullet related to separate initial DL BWP from RAN1#106-bis-e that “It can be used during initial access”.
Proposal 8	Confirm the working assumption in the sub-bullet related to separate initial DL BWP from RAN1#106-bis-e that “It applies at least after initial access for FR1 when MIB configured CORESET#0 is included”.
Proposal 9	It is not necessary to always configure a separate SIB-configured initial DL BWP for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
Proposal 10	The RedCap UE uses the separate SIB-configured initial DL BWP (if configured), otherwise, it continues using the MIB-configured CORESET #0.
Proposal 11	Confirm the working assumptions (in the main bullet and sub-bullets)  from RAN1#106-bis-e related to separate SIB-configured initial DL BWP for RedCap that: “For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB”. This applies to both FR1 and FR2.
Proposal 12	A separate initial DL BWP for RedCap should contain configurations of CORESET/CSS at least for random access. This applies to both FR1 and FR2.
Proposal 13	If a separate SIB-configured initial DL BWP for RedCap contains the entire MIB-configured CORESET #0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
Proposal 14	In TDD, the separate initial DL BWP for RedCap does not need to contain the entire CORESET #0.
Proposal 15	For TDD, RAN 1 should down-select between the following cases for RedCap:
	Case 1: The center frequencies for initial UL/DL BWPs can be different, but the initial DL BWP always contains the CORESET #0 and SSB.
	Case 2: The center frequencies for initial UL/DL BWPs are always the same, but the initial DL BWP does not necessarily contain CORESET #0.
Proposal 16	Option 1 and Option 2 correspond to scenarios where initial UL/DL BWPs have the same center frequency.
Proposal 17	By supporting different center frequencies for initial UL/DL BWPs for RedCap in TDD, the initial DL BWP can always contain CD-SSB/CORESET#0/SIB (at least in FR1) thus discussions on SSB presence in the initial DL BWP as per Option 1 and Option 2 can be omitted.
Proposal 18	If the separate initial DL BWP is configured for random access but not for paging, then the UE does not expect SSB transmission in the separate initial DL BWP. In this case, the network may or may not configure an SSB in the separate initial DL BWP for RedCap.
Proposal 19	For BWP#0 configuration option 1, if the separate initial DL BWP is configured for random access but not for paging, then the UE does not expect SSB transmission in the separate initial DL BWP in RRC idle/inactive/connected states.
Proposal 20	Whether the network configures an additional SSB to be transmitted in the separate initial DL BWP for RedCap should be based on the SSB monitoring periodicity (i.e., SMTC configuration) and the DRX cycle.
Proposal 21	In TDD, whether an additional SSB is transmitted in a separate initial DL BWP for RedCap, is based on the following conditions:
	Additional SSBs may or may not be transmitted if DRX cycle ≥ T1 (e.g., 1280 ms)
	Additional SSBs may or may not be transmitted if SMTC periodicity ≤ T2 (e.g., 20 ms)
	Additional SSBs may or may not be transmitted if SMTC periodicity ≤ T3 and DRX cycle ≥ T4 (e.g., T3 = 40 ms, T4= 640 ms)
	Otherwise, additional SSBs are transmitted.
Proposal 22	For an RRC-configured active DL BWP in connected mode, RedCap UE expects it to contain an NCD-SSB (upon RAN2/4 approval) for serving cell but not CORESET#0/SIB.
Proposal 23	Regarding SSB transmissions in a RedCap DL BWP in TDD for FR1:
	For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0):
o	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.
o	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):
o	RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
	In TDD, whether an additional SSB is transmitted in a separate initial DL BWP for RedCap is based on SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle.
Proposal 24	Depending on RAN2/4 feedback on the feasibility of using NCD SSB, consider the following fall-back options regarding the presence of SSBs in RedCap DL BWPs:
	If using NCD-SSB is not feasible in idle/inactive but feasible in connected mode, the initial DL BWP should not contain paging CSS thus it does NOT expect it to contain SSB/CORESET#0/SIB. For an RRC-configured active DL BWP in connected mode, RedCap UE expects it to contain an NCD-SSB for serving cell but not CORESET#0/SIB.
	If using NCD-SSB is not feasible in idle/inactive and connected modes, Option 1 is the fall-back option for which the RedCap UE does NOT expect its DL BWP to always contain SSB/CORESET#0/SIB.
Proposal 25	Regarding SSB transmissions in a RedCap DL BWP in FR2, Option 1 is considered for which the RedCap UE does NOT expect its DL BWP to always contain SSB/CORESET#0/SIB.
Proposal 26	For SI update in RRC connected state when the RedCap DL BWP does not contain the entire CORESET #0, RedCap UEs rely on dedicated SIB delivery via RRC signaling or paging notification if the DL BWP contains the paging CSS.
Proposal 27	For SI update in RRC idle/inactive state when the RedCap initial DL BWP does not contain the entire CORESET #0, RedCap UEs rely on switching to CORESET #0.
Proposal 28	The RedCap UE should support a new FG for BWP operation where an RRC-configured DL BWP contains SSB but not CORESET #0.
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