3GPP TSG RAN WG1 #107-e		                                    R1-2111963
e-Meeting, November 11th – 19th, 2021

Agenda Item:	8.6.1.1
Source:	InterDigital, Inc.
[bookmark: _Hlk83923321]Title:	Discussion on reduced maximum bandwidth for RedCap UEs
Document for:	Discussion
[bookmark: _Ref513464071]Introduction
In RAN1 #106bis-e, reduced maximum bandwidth for RedCap UEs was discussed and the following were agreed [1]:

Agreement: 
Confirm the working assumption:
· In case a separate initial UL BWP is configured for RedCap UEs, it is supported that the network can enable/disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap UEs.
· The frequency hopping is enabled/disabled at least via SIB.
Agreement
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases
· FFS whether part of the configuration is implicitly signaled

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 the feasibility of 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

· For FR1, following options:
· Option 1:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For an RRC-configured active DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Option 2:
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0),
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode.
· If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB.
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0),
· RedCap UE expects it to contain NCD-SSB for serving cell [FFS: or CSI-RS or measurement gap configuration] but not CORESET#0/SIB.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· FFS: For Option 1 and Option 2, whether RedCap UE can/cannot expect SSB under certain other conditions, e.g., for SSB monitoring periodicity (i.e., SMTC configuration) and DRX cycle
· FFS: Whether additional mechanism for SI update or how SI update notifications and/or SI updates are signaled to RedCap UEs
· FFS: FR2 case
Agreement
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.
Agreement
With below revision, draft R1-2110599 is endorsed in principle
1) [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
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
Final LS is approved in R1-2110600.

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

In this contribution, we discuss remaining issues of reduced maximum bandwidth for RedCap UEs.
Initial DL/UL BWP

In idle mode, due to the limited size of the MIB-configured CORESET #0, potential congestion may occur when a large number of RedCap and non-RedCap UEs generate traffic. To mitigate the potential congestion, a CORESET dedicated to RedCap UEs and associated search spaces should be configured in the Redcap initial DL BWP. Another advantage of this approach would be to minimize or prevent frequency retuning to the MIB-configured CORESET #0 from the RedCap initial DL BWP to periodically monitor the CSSs for paging and SI. Such retuning will impose additional complexity to the UE implementation and increases power consumption. Introducing a dedicated CORESET with associated CSSs to monitor RA/paging/SI should be supported to address these issues. Similarly, for similar reasons, NCD-SSB transmission should also be configurable at least when paging and SI are monitored.
To study the feasibility of such an approach, in RAN1 #106bis-e, an LS was sent to RAN2/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. We believe that NCD-SSBs can be used for measurements and cell (re)selection, but the UE may still need to retune to CORESET#0 to receive the SIBs needed for cell reselection evaluation. This retuning is however not frequent and the NCD-SSBs can be used in the new initial DL BWP. 
Therefore, propose that:
Proposal 1: Option 2 is supported.
Proposal 2: If a separate initial DL BWP for RedCap UEs is configured, configuration of a dedicated CORESET and associated CSSs for RA, paging, and SI transmission are supported.
According to 38.213, the common PUCCH resource to be used in the initial uplink BWP is determined as follows:
	If the UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a DCI format scheduling a PDSCH reception or a SPS PDSCH release, the UE determines a PUCCH resource with index , , as , where  is a number of CCEs in a CORESET of a PDCCH reception with the DCI format, as described in Clause 10.1,  is the index of a first CCE for the PDCCH reception, and  is a value of the PUCCH resource indicator field in the DCI format. 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]



When intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource is disabled with the SIB, the UE can simply use the PRB index of the PUCCH transmission in the first hop in the second hop as well. So, the specification impact is minimal. Furthermore, we do not think any specification changes are necessary to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources and such multiplexing can be achieved by gNB configuration.
Proposal 3: When intra-slot PUCCH FH within the separate initial UL BWP in the PUCCH resource is disabled, the PRB index of the PUCCH transmission in the first hop is also used in the second hop.
Proposal 4: No specification change is needed to support multiplexing of non-FH and FH PUCCH transmissions.
Conclusion
This contribution has discussed several remaining issues of reduced maximum bandwidth for RedCap UEs. The following proposals have been made:
Proposal 1: Option 2 is supported.
Proposal 2: If a separate initial DL BWP for RedCap UEs is configured, configuration of a dedicated CORESET and associated CSSs for RA, paging, and SI transmission are supported.
Proposal 3: When intra-slot PUCCH FH within the separate initial UL BWP in the PUCCH resource is disabled, the PRB index of the PUCCH transmission in the first hop is also used in the second hop.
Proposal 4: No specification change is needed to support multiplexing of non-FH and FH PUCCH transmissions.
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