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1 Introduction
In the RAN1 #107 e-meeting, the following was agreed for Redcap UEs:  
	Agreement
In Rel-17, up to 1 separate initial UL BWP for RedCap can be configured.


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

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).
Agreement
· For a separate initial DL BWP for RedCap UEs,
· The supported bandwidths for the separate initial DL BWP for RedCap UEs can have any values up to the maximum UE bandwidth (as in legacy operation).




In this contribution, we discuss the remaining issues of bandwidth reduction for Redcap devices according to the RAN1 107-e agreements.  

2. Discussions
2.1 UL/DL central frequency alignment for TDD 
In the RAN1#106 bis-e, the following was made w.r.t. UL/DL central frequency alignment for TDD:
	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.



Table 1 provides a summary in accordance with the agreement made in RAN1 106 bis-e meeting: 
Table 1: DL/UL BWPs for Redcap UEs in TDD System
	Index
	Description 
	During random access (RRC_IDLE mode)
	After random access 
(RRC_CONNECTED mode)

	Case 1-1: 
	Initial DL/UL BWP with Opt.1 Configuration
	If it includes CD-SSB and entire CORESET#0, center frequencies are aligned.  
FFS: it does not include CD-SSB and entire CORESET#0
	FFS

	Case 1-2
	Initial DL/UL BWP with Opt.2 Configuration
	If it includes CD-SSB and entire CORESET#0, center frequencies are aligned.  
FFS: it does not include CD-SSB and entire CORESET#0
	

	Case 3
	Non-initial DL and UL BWPs
	-
	Center frequencies are aligned



Per Rel-17 Redcap WID description, it is a core design target for Redcap UEs to ensure a lower complexity and minimize power consumption compared to non-Redcap UEs, including both TDD and FDD mode. Therefore, it is desirable to minimize the number of RF switching/retuning attempts or even avoiding retuning if possible. Support of different centre frequencies for DL and UL BWP in TDD system should not be allowed as it potentially requires a Redcap UE to implement two local oscillators (LOs)/PLLs and therefore increases the UE complexity and cost, which is contradicted with Redcap design target. In addition, it causes frequent RF retuning between DL and UL BWP and results in significantly increased latency (e.g., 3ms for BWP switching as illustrated in FIG.1 assuming 15kHz BWP SCS), huge power consumption and difficult to support latency-sensitive traffic for wearable devices. 
For BWPs used in RRC_CONNECTED mode, including both Case 1-1/1-2/2 initial and non-initial DL/UL BWP, the switching can occur very frequent on per slot level e.g., every PDSCH reception and the associated HARQ-ACK feedback. It is therefore critical to keep same central frequencies such that frequent RF retuning and power consumption/complexity are mitigated for Redcap devices. 
Proposal 1: For TDD system, NOT support the case that the centre frequencies are different for initial DL/UL BWP that are used by a Redcap UE in RRC_CONNECTED mode (i.e., Case 1-1 and Case 1-2 in Table 1). 

For initial DL/UL BWPs during initial access procedure, the RF-retuning latency and power consumption maybe acceptable from UE complexity perspective due to the less frequent operation and relaxed processing time requirement. In one example, initial UL BWP for Redcap UEs maybe located at a CC edge to minimize the PUSCH resource fragmentation. In this case, it may be beneficial from overhead perspective to allow the initial DL BWP for Redcap UE is in the middle of CC to include the CD-SSB and CORESET#0 with different central frequencies with initial UL BWP, as depicted in FIG.1 below. Although RF retuning is needed in this case, it is doable in our opinion due to less frequent events. However, if separate initial DL is configured for Redcap UE without covering CD-SSB as illustrated in the middle of FIG.1 below, the central frequencies should be aligned between initial DL/UL BWPs to avoid excessive RF retuning as NCD-SSB has to be transmitted even central frequencies are not aligned. 
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Figure 1: Initial DL/UL BWP during RACH procedure
We therefore proposed the following:
Proposal 2: For TDD System,
· If separate initial DL BWP does NOT include CD-SSB, the centre frequencies should be aligned for separate initial DL/UL BWP during random access 
· Different central frequencies of separate initial DL/UL BWP during random access can be considered if separate initial DL BWP for Redcap includes CD-SSB and CORESET#0
2.2 Initial DL BWP
2.2.1 Bandwidth of initial DL BWP  
In Rel-15/16, CORESET#0 provided by MIB serves as default initial DL BWP, which has the BW below maximum BW of Redcap UEs. In addition, Rel-15 supports to configure an initial DL BWP such that the entire CC bandwidth can be used by initial DL BWP after RRC connection setup. The initial DL BWP is configured by SIB1 by providing a starting common RB and a set of consecutive RBs with a given numerology. The Rel-15 signaling framework can be used to configure separate initial DL BWP for Redcap. Furthermore, to minimize signaling overhead in SIB1, CORESET#0 can be inferred by Redcap UE as initial DL BWP if the SIB1-configured initial DL BWP has a wider bandwidth than the maximum Redcap UE bandwidth and no smaller initial DL BWP is configured in SIB1 for Redcap.     
Proposal 3: If SIB1-configured initial DL BWP has a wider bandwidth than the maximum Redcap UE bandwidth and additional initial DL for Redcap UEs is not configured, a Redcap UE derives initial DL BWP corresponding to CORESET #0.      

2.2.2 DCI format size determination for CSS in separate initial DL BWP
For the separate initial DL BWP, it remains open regarding how to determine the size of DCI format in CSS. In Rel-15, the following was agreed for DCI format 1_0 in CSS and captured in clause : 
	
-	Determine DCI format 1_0 monitored in a common search space according to clause 7.3.1.2.1 where  is given by
-	the size of CORESET 0 if CORESET 0 is configured for the cell; and
-	the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
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Figure 2: DCI format size determination for DCI in common CORESET
Using the CORESET#0 as reference to determine the DCI format 1_0 in CSS makes it possible to share the DCI in CSS and the scheduled broadcast PDSCH among UEs, e.g., RRC_CONNECTED UEs with different active DL BWPs or even between UEs in RRC_IDLE and RRC_CONNECTED. For Redcap-dedicated initial DL BWP, as illustrated in FIG.2 below, the benefit of resource efficiency seems still hold if Rel-15 design is reused. In the FIG.2 above, two UEs are assumed with overlapped RBs across BWPs, one is normal UE that is configured with wider UE-specific BWP by RRC signaling and the other is Redcap UE that is configured with Redcap-dedicated initial DL BWP by SIB. By using the CORESET#0 as reference as in Rel-15, the DCI transmitted in the CSS located in the overlapping frequency between initial DL BWP and RRC-configured USS BWP can be consistently interpreted by two UEs for receiving broadcast message.  
We therefore propose the following to reuse the Rel-15 rule:     
Proposal 4: Reception of DCI format 1_0 in CSS follows legacy behavior.
· DCI size always depends on size of CORESET#0.
· Resource allocation starts at first PRB of CORESET where DCI format has been received

2.3 PUCCH Frequency Hopping
The following was agreed in RAN1 106 bis-e meeting regarding PUCCH frequency hopping disabling [3]:
	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.


One potential issue was pointed out in last RAN1 meeting that the orthogonality between PUCCH resource with FH for non-Redcap UE and PUCCH resource without FH cannot be maintained if they are in a shared PRB to minimize the PUCCH overhead. 
In Rel-15, the base sequence of PUCCH format 1 in initial access can be varied across two hops in a slot, which is controlled by a ‘pucch-GroupHopping’ IE in SIB1 with three configurable values (neither, enable, disable). The description of each value for a ‘pucch-GroupHopping’ IE is provided in Table 2. When the value is configured as one of <enable, disable> values, the base sequence <u, v> for two hops of a single PUCCH resource are different in accordance with the sequence generation in clause 6.3.2.2.1 of [5]. 
Table 2: Base sequence determination for PUCCH format 1
	Value for a ‘pucch-GroupHopping’ IE
	Group Hopping
	Sequence Hopping
	Group index ‘’
	Sequence index ‘’
	Comments

	‘Neither’
	Disable
	Disable 
	Depending on cell ID
	0
	No problem to share a single RB with Redcap UE

	‘Enable’
	Enabled
	Disable
	Depending on cell ID and Hop index 
	0
	Different Group index for two hops. 

	‘Disable’
	Disable
	Enable 
	Depending on cell ID
	Depending on Hop index 
	Different sequence index for two hops.



To solve this problem and maintain the orthogonality between PUCCH resource with FH for non-Redcap UE and PUCCH resource without FH in a shared PRB, the group and sequence hopping for PUCCH format 1 configured for Redcap UE can be determined based on the value of ‘pucch-GroupHopping’ IE configured for non-Redcap UE if frequency hopping is disabled for it. 
Proposal 5: If intra-slot FH is disabled for Redcap and overlapped RBs are used for non-FH and FH PUCCH transmissions, the base sequence group/sequence hopping for PUCCH format 1 is determined based on value of ‘pucch-GroupHopping’ IE configured for non-Redcap UE. 



3. Conclusion 
In this contribution, we have presented our views on the reduced maximum UE bandwidth for Redcap. Based on the discussions, we proposed the following: 
Proposal 1: For TDD system, NOT support the case that the centre frequencies are different for initial DL/UL BWP that are used by a Redcap UE in RRC_CONNECTED mode (i.e., Case 1-1 and Case 1-2 in Table 1). 
Proposal 2: For TDD System,
· If separate initial DL BWP does NOT include CD-SSB, the centre frequencies should be aligned for separate initial DL/UL BWP during random access 
· Different central frequencies of separate initial DL/UL BWP during random access can be considered if separate initial DL BWP for Redcap includes CD-SSB and CORESET#0
Proposal 3: If SIB1-configured initial DL BWP has a wider bandwidth than the maximum Redcap UE bandwidth and additional initial DL for Redcap UEs is not configured, a Redcap UE derives initial DL BWP corresponding to CORESET #0.      
Proposal 4: Reception of DCI format 1_0 in CSS follows legacy behavior.
· DCI size always depends on size of CORESET#0.
· Resource allocation starts at first PRB of CORESET where DCI format has been received
Proposal 5: If intra-slot FH is disabled for Redcap and overlapped RBs are used for non-FH and FH PUCCH transmissions, the base sequence group/sequence hopping for PUCCH format 1 is determined based on value of ‘pucch-GroupHopping’ IE configured for non-Redcap UE. 
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