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Introduction
[bookmark: _Hlk525462591]In Rel-17 WI for reduced capability devices [1], UE complexity reduction features are to be specified. One component of complexity reduction is the reduced maximum UE bandwidth –
· 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#106bis-e, the following agreements were made with respect to this issue –
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

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
1. Remove the blue part of questions
1. [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 R1-2110600 is endorsed

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 address issues related to reduced maximum UE bandwidth.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Reduced Maximum UE Bandwidth
Initial DL BWP
Initial DL BWP during initial access
In RAN1#106bis-e, a working assumption was made that the network can configure a separate initial DL BWP for RedCap UEs in SIB. In addition to the working assumption, there are several additional issues to be addressed, namely –
· It is a working assumption that the separate initial DL BWP can be used during initial access
· It is FFS whether the separate initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· It is a working assumption that the separate initial DL BWP applies at least after initial access for FR1 when MIB configured CORESET#0 is included
Note that in RAN1#106bis-e, it was agreed to support separate initial UL BWP that can be configured via SIB. This separate initial UL BWP can be used during and after initial acces. For the DL, there are two reasons to support also a separate initial DL BWP – center frequency alignment in TDD and offloading. Although we currently do not see clear motivation for offloading, we can accept that it may be needed in the future as the number of RedCap UEs increases. In addition, the possibility to allow the network to configure a separate initial DL BWP for RedCap UE would also allow the network to operate as it did before where only one BWP is configured for non-RedCap UEs. Therefore, we propose to confirm the working assumption that a separate initial DL BWP can be configured.
Proposal 1: Confirm the working assumption that the network can configure a separate initial DL BWP for RedCap UEs in SIB.
The next issue is whether the separate initial DL BWP can be used during initial access. As discussed earlier, initial access can already be supported without any change. Thus, there is currently no compelling need to change the way initial access is being performed. UE can still use CORESET#0 and associated bandwidth in the downlink during initial access procedure. Two reasons have been provided. First, in TDD, there is an issue with center frequency alignment if the initial UL BWP is moved to the band edge. However, from UE complexity perspective, retuning is already supported in TDD and and there is no additional complexity required to support different center frequencies between UL and DL. Power consumption may be a concern but, as discussed later in this section, typically UE does not need to re-tune so battery life is expected to be similar. Second, a separate initial DL BWP may be used for offloading. This case was discussed extensively in RAN1#106-e and it was supported by a majority of companies. Although our preference is that the UE continues to use CORESET#0 BW for initial access, we can agree to the use of separate initial DL BWP for initial access. However, our preference is that the UE can use the separate initial DL BWP during initial access if the DL BWP does not contain the entire CORESET#0. Otherwise, the UE should use CORESET#0 during initial access (i.e. until completion of random access procedure). This would allow legacy procedure to be used. Note that, strictly speaking, the UE does not need to use the separate initial DL BWP during initial. However, to avoid restrictions on CORESET#0 placement in case of center frequency alignment and to support offloading, the separate initial DL BWP can be used for initial access.
Proposal 2: The UE can use the separate initial DL BWP during initial access if the DL BWP does not contain the entire CORESET#0. Otherwise, the UE should use CORESET#0 during initial access (i.e. until completion of random access procedure).
[bookmark: _Hlk86659896]It is FFS whether the separate initial DL BWP is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. In our view, this is not necessary as the UE can still perform intial access using CORESET#0 then transition to an active BWP that is within the RedCap UE BWP. Therefore, we the make following proposal –
Proposal 3: It is not necessary for a separate initial DL BWP is always be configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
Note that, if a separate initial DL BWP is not configured, the UE should follow the legacy procedure. 
It is a working assumption that the separate initial DL BWP applies at least after initial access for FR1 when MIB configured CORESET#0 is included. After initial access, we do not see an issue that a separate initial DL BWP would apply. Therefore we propose to confirm the working assumption.
Proposal 4: Confirm the working assumption that the separate initial DL BWP applies at least after initial access for FR1 when MIB configured CORESET#0 is included.
As earlier discussed, the separate initial DL BWP can be used for random access if it does not contain the entire CORESET#0 (otherwise CORESET#0 should be used). In this case, it can be used for random access if CORESET and CSS (ra-SearchSpace) are configured. 
[bookmark: _Hlk78805416]Proposal 5: The separately configured initial DL BWP for RedCap UEs can be used for random access if (1) it does not contain the entire CORESET#0 and (2) CORESET and ra-SearchSpace CSS are configured.
Similarly, paging is currently done within the CORESET#0 BW. With the introduction of a separate initial DL BWP and the support for random access in the separate initial DL BWP, it makes sense to allow the BWP to be used also for paging if CORESET and CSS (pagingSearchSpace) are configured for the DL BWP. Note that this proposal would have impact to the paging procedure as now RedCap may need to be indentified to the gNB so that it can be paged in the right BWP.
[bookmark: _Hlk83821432]Proposal 6: The separately configured initial DL BWP for RedCap UEs can be used for paging if (1) if it does not contain the entire CORESET#0 and (2) CORESET and pagingSearchSpace CSS are configured.
If separate and/or additional DL BWP(s) are configured, and random access / paging can be supported on them via CORESET/CSS configuration, then there is no need for the separately configured initial DL BWP to contain CORESET#0. This provides greater flexibility in the configuration of the DL BWP (especially in the case of offloading) as well as minimizes impact to the UE.
Proposal 7: The separately configured initial DL BWP for RedCap UEs does not need to contain CORESET#0.
Similarly, since the separately configured initial DL BWP does not need to contain CORESET#0, it also does not need to contain SIB1.
Proposal 8: The separately configured initial DL BWP for RedCap UEs does not need to contain SIB1.
Furthermore, considering the potential need for offloading and having to define multiple BWPs to support RedCap, it is beneficial not to require the initial DL BWP to contain SSB. This saves overhead and also allows the BWP to be spread out over the entire carrier.
Note that extensive discussions regarding SSB have taken place in several meetings. In our view, a compromise could be that SSB would be required in the active BWP. However, during initial access and paging, it is not necessary for the BWP to contain SSB. The UE can receive the CD-SSB outside the BWP then retune to the initial access procedure or check for paging. Another potential compromise is to use NCD-SSB but with larger periodicity than CD-SSB. This can reduce SSB overhead while providing the UE with reference resource for measurements and time-frequency tracking.
Proposal 9: The separately configured initial DL BWP for RedCap UEs does not need to contain SSB.
One issue to address is the center frequency alignment in TDD. In RAN1#106bis-e, it was agreed that 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. Also, the center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP ID for a RedCap UE. This requirement, however, is challenging in several deployment cases including – (1) CORESET#0/SSB may not be aligned with UL BWP if UL BWP is configured at the band edge to avoid PUSCH fragmentation, and (2) different UL BWP cannot be mapped to the same DL BWP (as IoT data is UL centric, one DL BWP may be sufficient to support multiple UL BWPs). Therefore, it would be beneficial to also allow independent center frequencies (or to at least relax center frequency alignment) in TDD. Note that, even in TDD, there is no need for the UE to re-tune the center frequency if there is no transmission in the UL portion of the slot. Thus TDD UE behaves very similarly to HD-FDD UE (i.e. UE is monitoring the DL and does not re-tune to UL unless directed to by the gNB). Therefore, center frequency retuning is not expected to be an issue for TDD.
Proposal 10: For TDD, support the case when the center frequencies are different for the configured DL and UL BWPs. 
Initial UL BWP
In case that the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, there are two issues that have been raised which cannot be avoided by the gNB scheduler –
· PRACH occasions that are frequency mutiplexed such that the total frequency range of the PRACH extend beyond the maximum UE bandwidth.
· PUSCH and PUCCH frequency hopping on the BWP edges when the uplink BWP is larger than the maximum UE bandwidth.
RACH occasions
In RAN1#106-e, the following working assumption was confirmed –

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.
The ROs are contained within the RedCap UE bandwidth and therefore no re-tuning is needed by the UE with respect to the ROs. However, note that the ROs in the separate initial UL BWP for RedCap UEs can be dedicated for RedCap UEs or shared with non-RedCap UEs. When they are shared, a separate mapping between RO and SSB for RedCap UE may be needed. That is because only a subset of the non-RedCap ROs may be present within the RedCap UL BWP.
Proposal 11: In case of separate initial UL BWP for RedCap UEs, a separate mapping between ROs and SSBs may be needed when the ROs are shared with non-RedCap UEs.
An example of SSB to RO mapping with shared ROs is shown in Figure 1. In this case, the RedCap UE first determines the SSB mapping for the non-RedCap ROs. The overlapping RedCap ROs will use this mapping. Since all ROs are not available to RedCap UE, however, some SSBs will not be mapped to the RedCap ROs. These unmapped SSBs are then mapped to the RedCap ROs according to a predefined rule (which can be similar to the existing approach). For RO with more than one SSBs mapped to it, different preamble subsets can be used to indicate different preferred SSBs. If, however, preamble partitioning is not used, different beamforming weights can be applied to process the received preambles (i.e. using beams associated with the SSBs). In this case, the gNB would need to transmit two RARs, one associated with each SSB beam.
[image: ]
[bookmark: _Ref83881418]Figure 1. Example of SSB to RO mapping with shared ROs.
PUCCH/PUSCH during initial access
In RAN1#106bis-e, it was agreed that PUCCH frequency hopping is enabled/disabled at least via SIB. However, it remains a undecided whether PUCCH frequency hopping can also enabled/disabled via DCI. In our view, this configuration should be semi-static and also explicitly enabled/disabled. Therefore, we propose that frequency hopping via DCI is not supported in Rel-17.

Proposal 12: Do not support enabling/disabling PUCCH frequency hopping for the separate initial UL BWP via DCI in Rel-17. 
Support for FG 6-1a
In RAN1#105-e, it was agreed that –
· 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.

Furthermore, two issues related to SSB/CORESET#0 multiplexing and non-initial UL/DL BWPs in TDD were discussed. Specifically, the issue of supporting 6-1a capability was raised, where 6-1a capability can be summarized as BWP operation without restriction on BW of BWP(s). That is, the BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 and SSB. This capability is beneficial in 3 aspects – (1) for multiplexing of SSB/CORESET#0 that are beyond the UE maximum bandwidth, (2) to be able to place the UL BWP at the band edge in TDD where CORESET#0 may not be present, and (3) to reduce the overhead of requiring BWP to contain SSB. Therefore, it is proposed that RedCap UE can also support FG 6-1a.
Proposal 13: RedCap UE can also support FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822).
BWP Switching
Another issue that can be considered is BWP switching. There are several potential optimization that may require fast BWP switching, including –
· Keeping UE is narrow bandwidth to save power then switching to wider bandwidth for data transmission or frequency hopping.
· Hopping between bandwidth parts for frequency diversity.
Presently, we do not see a strong reason to require fast BWP switching than currently specified. Therefore, we feel that the current BWP switching mechanism is sufficient for RedCap UE.
Another main motivation for frequent BWP switching would be limitations introduced with initial narrow RedCap BWP. If the initial RedCap BWP comprise SSBs as such, a UE that has active initial RedCap BWP as the active BWP, can conduct RRM measurements on that BWP. It is expected that not all RedCap UEs would have this BWP as the active BWP due to load balancing and the limited narrow bandwidth. Thus, some UEs may have an active BWP without SSBs. This means that these UEs would require frequent switching to initial narrow RedCap BWP to conduct RRM measurements. An alternative to BWP switching would be measurement gap configuration for RRM measurements. Naturally, the interaction of measurement gap configuration with bandwidth part switching can be considered to solve the RRM measurements issue of a UE that does not have initial narrow RedCap BWP as the active BWP. One potential solution to data transmission/reception interruption during RRM measurement is to allow the UE to temporary switch BWP to the one that contain the SSB (instead of simply retuning by the UE to perform SSB measurement). This active BWP switching will allow data communication to continue even if the UE is performing RRM measurements. The UE can then be configured to switch back to the original BWP after measurements are finished.
Proposal 14: It should be studied how RRM measurement procedure can be improved for a UE with an active BWP without SSBs.
Conclusions
In this contribution, we consider reduced maximum UE bandwidth and make the following proposals –
Proposal 1: Confirm the working assumption that the network can configure a separate initial DL BWP for RedCap UEs in SIB.
Proposal 2: The UE can use the separate initial DL BWP during initial access if the DL BWP does not contain the entire CORESET#0. Otherwise, the UE should use CORESET#0 during initial access (i.e. until completion of random access procedure).
Proposal 3: It is not necessary for a separate initial DL BWP is always be configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
Proposal 4: Confirm the working assumption that the separate initial DL BWP applies at least after initial access for FR1 when MIB configured CORESET#0 is included.
Proposal 5: The separately configured initial DL BWP for RedCap UEs can be used for random access if (1) it does not contain the entire CORESET#0 and (2) CORESET and ra-SearchSpace CSS are configured.
Proposal 6: The separately configured initial DL BWP for RedCap UEs can be used for paging if (1) if it does not contain the entire CORESET#0 and (2) CORESET and pagingSearchSpace CSS are configured.
Proposal 7: The separately configured initial DL BWP for RedCap UEs does not need to contain CORESET#0.
Proposal 8: The separately configured initial DL BWP for RedCap UEs does not need to contain SIB1.
Proposal 9: The separately configured initial DL BWP for RedCap UEs does not need to contain SSB.
Proposal 10: For TDD, support the case when the center frequencies are different for the configured DL and UL BWPs. 
Proposal 11: In case of separate initial UL BWP for RedCap UEs, a separate mapping between ROs and SSBs may be needed when the ROs are shared with non-RedCap UEs.
Proposal 12: Do not support enabling/disabling PUCCH frequency hopping for the separate initial UL BWP via DCI in Rel-17. 
Proposal 13: RedCap UE can also support FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822).
Proposal 14: It should be studied how RRM measurement procedure can be improved for a UE with an active BWP without SSBs.
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