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Introduction
This contribution discusses remaining issues on reduced maximum UE bandwidth for the introduction of RedCap UE into 5G network, with a focus on FR1.
Initial BWP for RedCap
Initial DL BWP
	Agreement 
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported
· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable
· It is no wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

Agreement: 
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· 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.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB




Separate initial DL BWP for RedCap UEs has been agreed in RAN1#107-e meeting. However, in our view, there are still some details to clarify.
Issue#1: Whether to contain the entire MIB-configured CORESET#0 for the separated initial DL BWP for RedCap UEs?
The issue has been discussed a lot in the last meetings and there hasn’t been an agreement that officially confirms the separate initial DL BWP can be configured not contain the entire MIB-configured CORESET#0. In our view, for the purpose of offloading, it makes sense only the separate initial DL BWP for RedCap UEs is allowed not contain the entire CORESET#0. And whether the separate initial DL BWP contains the entire CORESET#0 can be left to network implementation. 
Proposal 1: RAN1 to confirm that if a separate initial DL BWP for RedCap UEs is configured, it may or may not contain the entire CORESET#0, depending on gNB configuration.

Issue#2: How a RedCap UE determine its initial DL BWP during and after initial access?
The separate initial DL BWP has been agreed to be optionally configured and be used during and after initial access in RAN1#107-e. However, in our view, how a RedCap UE determine its initial DL BWP during and after initial access is not still clear. For example, if the initial DL BWP for non-RedCap UEs exceed maximum RedCap UE bandwidth, should the separate initial DL BWP for RedCap UEs be always configured, or can the MIB-configured initial DL BWP defined by CORESET#0 be used for this scenario? Thus, we comb the procedure and provide a whole picture as following. 
Proposal 2: A RedCap UE can determine its initial DL BWP as following
· If a separate initial DL BWP for RedCap UEs is configured in SIB1, then
· If the separate initial DL BWP for RedCap UEs contains the entire CORESET#0, then the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access and use the bandwidth and location of the separate initial DL BWP for RedCap UEs in DL after initial access.(as agreed)
· Otherwise, the RedCap UE shall use the bandwidth and location of the separate initial DL BWP for RedCap UEs in DL during and after initial access. (as agreed)
· Else if only an initial DL BWP that can be used for non-RedCap UEs is configured in SIB1,  then 
· If the bandwidth of the initial DL BWP for non-RedCap UEs is larger than the maximum RedCap UE bandwidth, then the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during and after initial access.
· Otherwise, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access and use the bandwidth and location of the initial DL BWP for non-RedCap UEs in DL after initial access.
· Otherwise, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during and after initial access. (as agreed)

Issue#3: Whether to keep aligned for the center frequency of initial DL BWP and initial UL BWP for RedCap UEs for TDD
To avoid significant impacts on realistic network deployment for the introduction of RedCap UEs, and when the separate initial DL BWP is not configured or it is configured however also containing the CORESET#0, this is completely the legacy approach implying that there is no offloading need. In this case, the RedCap UEs should use the MIB-configured initial DL BWP, and the center frequency of the MIB-configured initial DL BWP and the center frequency of separate initial UL BWP (for avoiding resource fragmentation) for RedCap UEs can be different. Similarly, as discussed in the previous meetings, a separate initial DL BWP may be configured for offloading purposes. This makes sense only if this separate initial DL BWP does not contain the CORESET#0, and in this case the initial DL BWP is expected to also be configured so as to align its center frequency as UL BWP, which reduces the need of UE retuning.
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Figure 1. Center frequency for initial DL BWP and initial UL BWP for RedCap UEs for TDD.

Proposal 3: For TDD, for the center frequencies for the initial DL BWP and initial UL BWP used during initial access for RedCap UEs:
· The center frequencies are always aligned for separate initial DL BWP and separate initial UL BWP if separate initial DL BWP does not contain CORESET#0, otherwise, 
· The center frequencies are not necessarily aligned for the MIB-configured/separate initial DL BWP and separate initial UL BWP.

Initial UL BWP
On Msg1 transmission
In this section, we discuss the issue related to ROs for RedCap UEs. The following agreement has been made in RAN1#106-e.
	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.




It was agreed that to enable/support that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs and this separate initial UL BWP can include dedicated ROs for RedCap UEs or shared ROs with non-RedCap UEs. However, for case of the shared ROs, the total bandwidth of the shared ROs may still exceed the maximum RedCap bandwidth, the issue of ROs associated with the best SSB may also falling outside the RedCap UE bandwidth is still unresolved.
To resolve issue under shared RO scenario, only ROs which fall within the RedCap UE bandwidth or separate initial UL BWP can be regarded as valid ROs for RedCap UEs and the mapping of SSB-to-RO should be reconfigured for RedCap UEs. This method can be illustrated in the following figure.
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Figure 2. Shared ROs within separate initial UL BWP for RedCap UEs.
As discussed above, we have the following proposal.
Proposal 4: For the shared ROs scenario, only ROs which fall within separate initial UL BWP can be regarded as valid ROs for RedCap UEs and the mapping of SSB-to-RO can be separately configured for RedCap UEs.

On Msg3 transmission
In this section, we discuss the issue related to Msg3 for RedCap UEs. 
	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) case




As agreed, separate initial UL BWP for RedCap UEs can be used both during and after initial access. Thus, once the separate initial UL BWP is configured in SIB1, the Msg3 transmission of RedCap UEs will be upon the separate initial UL BWP.  In Rel-15/16 specification, the Msg3 transmission is scheduled by RAR UL grant and the frequency domain resource allocation of Msg3 is by uplink resource allocation type 1.


As specified in 6.1.2.2 in TS 38.214, “An uplink type 1 resource allocation field consists of a resource indication value (RIV) corresponding to a starting virtual resource block () and a length in terms of contiguously allocated resource blocks. The resource indication value is defined by 

if  then


else 




where 1 and shall not exceed. ”
Once the separate initial UL BWP is configured for RedCap UEs, the calculation of Msg3 frequency resource indication value (RIV) for non-RedCap UEs and RedCap UEs will be based on the size of legacy initial UL BWP and separate initial UL BWP separately. It means that even for a same Msg3 frequency resource allocation for the two types of UE, a different RIV will be obtained. Without RedCap UE early identification in Msg1, the network does not know which BWP size to use for calculating the RIV in the current RAR UL grant. Mandating Msg1 based early identification is not desirable.
To resolve this, when the separate initial UL BWP is configured, the RIV of RedCap UEs’ Msg3 frequency resource allocation shall be calculated using the size of legacy initial UL BWP for non-RedCap UEs. In addition, network may be able to indicate RedCap UEs of which size of the two BWP to be used via SIB1, for further flexibility.
Proposal 5: When the separate initial UL BWP is configured, the RIV of RedCap UEs’ Msg3 frequency resource allocation shall be calculated using the size of legacy initial UL BWP for non-RedCap UEs.

On PUCCH transmission for Msg4/MsgB
In this section, we discuss the issue related to PUCCH for Msg4/MsgB for RedCap UEs. The following agreement has been made in RAN1#106bis-e and RAN1#107-e.
	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: 
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,
· Each PUCCH resource is mapped to a single PRB.
· What side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped is[/are] configurable by the network, including SIB-configurable [additional] offset (with no more than [4] candidate values) using the existing equations for determining the PRB index of the PUCCH transmission as a starting point.
· RedCap and non-RedCap can be configured with the same or different PUCCH resource set indices (see TS 38.213 Table 9.2.1-1).




On how to determine the PRB index of a non-FH PUCCH transmission for a RedCap UE
In R15/R16, for common PUCCH resource set, a UE determines the PRB index of the PUCCH with index  as following:
· If ,  
first hop:        
second hop:  
· If ,  
first hop:      
second hop:  
The legacy formula should be reused as much as possible as per the relevant agreements for the case frequency hopping is disabled. The details can be given as below, 
Proposal 6:
· If all the 16 common PUCCH resources locate at both sides of the RedCap UL BWP, a RedCap UE determines the PRB index of the PUCCH transmission with index   as following:
·   , if ;
·  , if ;
· If all the 16 common PUCCH resources locate at only one side of the RedCap UL BWP, a RedCap UE determines the PRB index of the PUCCH transmission with index   as following:
· ,  if the center frequency of the separate initial UL BWP is lower than that of the carrier;
· , if the center frequency of the separate initial UL BWP is higher than that of the carrier;

On supporting multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources
In the last meeting, multiplexing of non-intra-slot FH and intra-slot FH PUCCH transmissions in PUCCH resources were discussed and some orthogonality issues have been identified. In our view, the common PUCCH resources for non-RedCap UEs and the common PUCCH resources for RedCap UEs can be either shared or separated, which should be up to gNB implementation. In early deployments, to reduce the PUCCH resource overhead, the common PUCCH resources can be shared between two types of UE as much as possible. As the number of RedCap UEs increases, separate common PUCCH resources can be configured. So, the multiplexing of non-FH and FH PUCCH transmissions needs to be considered.
According to TS 38.213, for common PUCCH resource set, “an orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 in Table 9.2.1-1”. For OCC with index 0, the elements of OCC will be only ones, thus there will be no orthogonality issue for the OCC.
However, for the base sequence, there will be orthogonality issue for some scenario. According to TS 38.211, if intra-slot frequency is enabled and pucch-GroupHopping is configured as ‘enable’ or ‘disable’, two base sequences are generated for the first hop and second hop separately. If no intra-slot frequency hopping, only one base sequence is generated for a PUCCH. Thus, the non-intra-slot FH PUCCH and intra-slot FH PUCCH will be no longer orthogonal when these two PUCCH transmissions use a same RB. 
[image: ]
Figure 4:  Illustration for non-orthogonal between intra-slot FH PUCCH and non-intra-slot FH PUCCH
Observation 1: There is orthogonality issue between intra-slot FH PUCCH and non-intra-slot FH PUCCH when pucch-GroupHopping is configured as ‘enable’ or ‘disable’.
Considering there are multiple RBs for the common PUCCH resource, the gNB can schedule the two types of PUCCH transmission within different RBs. However, this method is inefficient and will lead to waste of PUCCH resources, especially when small number of PUCCH resources is expected (which is very likely at early commercialization). To provide desirable configuration flexibility, two base sequence can also be generated for intra-slot non-FH PUCCH, which are the same with the ones used for intra-slot FH PUCCH. 
Proposal 7: Two base sequences are generated and applied for a non-FH PUCCH with time-domain symbol allocation and frequency domain PRB allocation the same as that of an intra-slot FH PUCCH.
However, if the non-FH PUCCH resources have different configuration/allocation with the intra-slot FH PUCCH resources (as agreed in RAN1#107-e), the previous method does not directly apply as illustrated in Figure 5 as an example, and the two types of PUCCH may still be non-orthogonal within some symbols.
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Figure 5.  Different common PUCCH configurations for non-RedCap UEs and RedCap UEs
To support the scenario that common PUCCH resources sets for RedCap UEs and non-RedCap UEs have different configurations/allocations, for non-intra-slot FH PUCCH, when two base sequence are generated, gNB can configure the symbols of the two base sequences via SIB1. For example, the gNB can configure the starting symbol of the second base sequence, and for the symbols ahead of it, the first base sequence will be used.
Proposal 8: gNB can indicate the symbols used for these two base sequences via SIB1, e.g., indicate the starting symbol of the second base sequence.

Conclusions
Based on the analysis, we have the following observations and proposals:
Observation 1: There is orthogonality issue between intra-slot FH PUCCH and non-intra-slot FH PUCCH when pucch-GroupHopping is configured as ‘enable’ or ‘disable’.
Proposal 1: RAN1 to confirm that if a separate initial DL BWP for RedCap UEs is configured, it may or may not contain the entire CORESET#0, depending on gNB configuration.
Proposal 2: A RedCap UE can determine its initial DL BWP as following
· If a separate initial DL BWP for RedCap UEs is configured in SIB1, then
· If the separate initial DL BWP for RedCap UEs contains the entire CORESET#0, then the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access and use the bandwidth and location of the separate initial DL BWP for RedCap UEs in DL after initial access.(as agreed)
· Otherwise, the RedCap UE shall use the bandwidth and location of the separate initial DL BWP for RedCap UEs in DL during and after initial access. (as agreed)
· Else if only an initial DL BWP that can be used for non-RedCap UEs is configured in SIB1,  then 
· If the bandwidth of the initial DL BWP for non-RedCap UEs is larger than the maximum RedCap UE bandwidth, then the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during and after initial access.
· Otherwise, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access and use the bandwidth and location of the initial DL BWP for non-RedCap UEs in DL after initial access.
· Otherwise, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during and after initial access. (as agreed)
Proposal 3: For TDD, for the center frequencies for the initial DL BWP and initial UL BWP used during initial access for RedCap UEs:
· The center frequencies are always aligned for separate initial DL BWP and separate initial UL BWP if separate initial DL BWP does not contain CORESET#0, otherwise, 
· The center frequencies are not necessarily aligned for the MIB-configured/separate initial DL BWP and separate initial UL BWP.
Proposal 4: For the shared ROs scenario, only ROs which fall within separate initial UL BWP can be regarded as valid ROs for RedCap UEs and the mapping of SSB-to-RO can be separately configured for RedCap UEs.
Proposal 5: When the separate initial UL BWP is configured, the RIV of RedCap UEs’ Msg3 frequency resource allocation shall be calculated using the size of legacy initial UL BWP for non-RedCap UEs.
Proposal 6:
· If all the 16 common PUCCH resources locate at both sides of the RedCap UL BWP, a RedCap UE determines the PRB index of the PUCCH transmission with index   as following:
·   , if ;
·  , if ;
· If all the 16 common PUCCH resources locate only one of the RedCap UL BWP, a RedCap UE determines the PRB index of the PUCCH transmission with index   as following:
· ,  if the separate initial UL BWP is at the higher edge of carrier;
· , if the separate initial UL BWP is at the higher edge of carrier;
Proposal 7: Two base sequences are generated and applied for a non-FH PUCCH with time-domain symbol allocation and frequency domain PRB allocation the same as that of an intra-slot FH PUCCH.
Proposal 8: gNB can indicate the symbols used for these two base sequences via SIB1, e.g., indicate the starting symbol of the second base sequence.
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