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[bookmark: _Ref521334010]Introduction
In RAN#90-e, a new Rel-17 WI on support of reduced capability NR devices, i.e. RedCap, was approved [1]. The latest WID after RAN#92-e can be found in [2], in which 20 MHz is supported as the maximum bandwidth of an FR1 RedCap UE during and after initial access. 
	· Specify support for the following UE complexity reduction features [RAN1, 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.


During RAN1#106bis-e, several agreements were reached on the bandwidth related aspects for RedCap UE [7]. Bandwidth reduction aspects have significant impact on UE complexity/cost and coexistence with normal UEs (i.e. non-RedCap UEs). In this contribution, we provide our views on the open issues for maximum UE bandwidth reduction for RedCap.

Discussion
[bookmark: _Ref86334425][bookmark: _Ref52270350]Baseline of initial DL BWP for RedCap
In RAN1#106bis-e, the following working assumption was reached [7]:
	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


Additionally, in RAN1#106-e, the following agreements were reached [3]:
	Agreement 
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 (FFS).
Agreement
 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.


In our view, separate initial DL BWP can at least serve for the DL transmission in the initial BWP after initial access when the initial DL BWP for non-RedCap UE is larger than the maximum RedCap UE bandwidth. Also, via BWP#0 configuration Option#2 [5], the separate initial DL BWP can serve as a UE-dedicated DL BWP, with a proper bandwidth for RedCap UE. For the TDD case, the separate initial DL BWP helps the alignment of center frequency with separate initial UL BWP, if configured. Based on the agreements so far, the following scenarios should be the baselines of (separate) initial DL BWP for RedCap UEs.
Baseline 1: The initial DL BWP defined by CORESET#0 is shared during initial access and SIB1-configured initial DL BWP is shared after initial access
In this case, the initial DL BWP is shared between RedCap and non-RedCap UEs, for both during and after initial access. The bandwidth and location of initial DL BWP defined by CORESET#0 is shared during initial access. The SIB1-configured initial DL BWP is shared after initial access, with a bandwidth no larger than the maximum RedCap UE bandwidth. Figure 1 illustrates this case in TDD. In this example, it is also assumed that the initial UL BWP is shared. 
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[bookmark: _Ref82864852]Figure 1 Baseline 1 of initial DL BWP operation for RedCap UE.
In this case, there is no separate initial DL BWP to be configured for RedCap UEs. All the RRC configurations of initial DL BWPs are shared. It is naturally guaranteed that the shared initial DL BWP contains SSB, CORESET#0 for initial access and/or paging (at least in FR1). The center frequency of SIB1-configured initial DL BWP and SIB1-configured initial UL BWP is also aligned. 
Proposal 1: Confirm that the following scenario is supported.
The initial DL BWP is shared between RedCap and non-RedCap UEs for both during and after initial access. 
· The initial DL BWP defined by MIB-configured CORESET#0 is shared during initial access.
· The SIB1-configured DL BWP is shared after initial access, where the bandwidths of the shared initial DL BWP should be no larger than the maximum RedCap UE bandwidth.
· Separate initial DL (and UL) BWP is NOT configured in this case.
Baseline 2: The initial DL BWP defined by CORESET#0 is shared during initial access and separate initial DL BWP is used after initial access
This may probably happen when the SIB1-configured initial DL BWP (for non-RedCap UEs) is larger than the maximum RedCap UE bandwidth. In this case, separate initial DL BWP may be configured for RedCap UEs, while following the current rules and restrictions. Figure 2 illustrates this case in TDD, assuming both separate initial DL BWP and separate initial UL BWP are configured.
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[bookmark: _Ref82865262]Figure 2 Baseline 2 of initial DL BWP operation for RedCap UE.
As the baseline, the current rules and restrictions should be followed, i.e., the separate initial DL BWP contains MIB-configured CORESET#0 for initial access and/or paging, hence it shall also fully contain CD-SSB at least in FR1. The center frequency of separate initial DL BWP and separate initial UL BWP is also aligned, since they will be used after initial access.
Proposal 2: Confirm that the following scenario is supported.
Initial DL BWP is shared between RedCap and non-RedCap UEs for during initial access only. 
· The initial DL BWP defined by MIB-configured CORESET#0 is shared during initial access.
· Separate initial DL BWP is configured (in SIB1) for RedCap UE and used after initial access.
· The configuration of separate initial DL BWP follows the current rules and restrictions, e.g. containing entire MIB-configured CORESET#0.
It should be noted that, when separate initial DL BWP contains entire CORESET#0, it is important that the initial DL BWP defined by MIB-configured CORESET#0 is used during initial access. This is due to the following reasons:
· It follows the current principle in NR (TS 38.331 [5], TS 38.213 [6]) and is a baseline. Take non-RedCap UE for example, even if SIB1-configured initial DL BWP can be wider than CORESET#0, the non-RedCap UE still uses the location and bandwidth of CORESET#0 during initial access.
	TS 38.213, Section 12:
If a UE is not provided initialDownlinkBWP, an initial DL BWP is defined by a location and number of contiguous PRBs, starting from a PRB with the lowest index and ending at a PRB with the highest index among PRBs of a CORESET for Type0-PDCCH CSS set, and a SCS and a cyclic prefix for PDCCH reception in the CORESET for Type0-PDCCH CSS set; otherwise, the initial DL BWP is provided by initialDownlinkBWP. For operation on the primary cell or on a secondary cell, a UE is provided an initial UL BWP by initialUplinkBWP. If the UE is configured with a supplementary UL carrier, the UE can be provided an initial UL BWP on the supplementary UL carrier by initialUplinkBWP.

	TS 38.331, Section 6.3.2:
	initialDownlinkBWP
The initial downlink BWP configuration for a PCell. The network configures the locationAndBandwidth so that the initial downlink BWP 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.





· This guarantees the correct scheduling during initial access, especially when early indication of RedCap UE is disabled. If the gNB cannot identify RedCap UE and non-RedCap UE during Msg1 reception, it can only schedule the Msg2 within the bandwidth of CORESET#0 for both non-RedCap UE and RedCap UE, i.e. following the legacy principle. To keep the understanding of FDRA aligned between gNB and RedCap UE, the RedCap UE shall use the bandwidth of CORESET#0 in DL during initial access.
· It simplifies the gNB implementation for scheduling during initial access. No software update is needed for gNB to support RedCap UE during initial access in this case.
Hence, we have the following proposal.
Proposal 3: If the separate initial DL BWP is configured and contains entire MIB-configured CORESET#0, the RedCap UE uses the bandwidth and location of CORESET#0 in DL during initial access.
· This is aligned with the current NR principle.

[bookmark: _Ref83228196]Further support of separate initial DL BWP
Besides the baselines in Section 2.1, it was exhaustively discussed whether additional configurations can be supported. The following working assumption and agreements were reached in RAN1#106bis-e [7]:
	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
Final LS R1-2110600 is endorsed



Specifically, in the LS R1-2110600, the following two options are provided:
	· 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


Comparing Option 1 and Option 2 listed in the LS, we have the following observations:
· Performance
For Option 1, the RedCap UE relies on RF retuning for CD-SSB reception whenever it needs to, regardless in RRC_IDLE, RRC_INACTIVE or RRC_CONNECTED mode. CSI-RS can be an optional alternative in RRC-CONNECTED mode, e.g. for CSI measurement/reporting and time/phase tracking. In this case, network does not need to transmit NCD-SSB, and subsequently the inter-cell interference or DL resource fragmentation can be avoided. 
For Option 2, the network still has to transmit SSB in the DL BWP used for paging or in RRC_CONNECTED mode. NCD-SSB is required if the DL BWP does not fully contain CD-SSB. Alternatively, another possible way is to configure RRC-configured DL BWP around the CD-SSB. However, this makes the purpose of offloading in vain. On the whole, the rigorous condition of SSB-less configuration makes separate initial DL BWP impractical, since it can only be used for RACH and only in RRC_IDLE/RRC_INACTIVE.
Observation 1: Option 1 provides offloading not only in RRC_IDLE/RRC_INACTIVE mode but also in RRC_CONNECTED mode without introducing inter-cell interference and DL resource fragmentation.
· Power consumption
It was argued that RF retuning will bring higher power consumption during paging. However, we think the time duration for RF retuning is short enough and will not significantly increase the total power cost. As also pointed out in [8], RF retuning-based scheme does not lead to much higher power consumption. Hence, power consumption is unlikely to be a dominated reason to support Option 2 than Option 1. 
It was also argued that SSB is important to support power saving features during paging. A widely applied assumption is that SSB will be contained in the DL BWP for reception of WUS/paging DCI/paging message. In our view, at least or legacy paging DCI/paging message reception, SSB is not required by the UE. RF retuning is sufficient for any potential beam/precoder adjustment for transmission/reception. For WUS reception, note that this feature is even optional for the network. The network may still configure SSB in a DL BWP for paging if it supports power saving enhancement (i.e. WUS transmission), but it is not reasonable to assume that SSB should be mandated unconditionally in the separate initial DL BWP.
Observation 2: There is no significant difference of UE power consumption between Option 1 and Option 2.
· Specification impact
For Option 1, it is almost the same with the current FG 6-1a. The only difference is removing ‘CORESET#0 is entirely contained in a DL BWP’ from the current definition of FG 6-1a. The specification modification should be marginal, since FG 6-1a is already supported in the specification and most of the FG 6-1a related features can be reused. For Option 2, it is unclear the normative work is acceptable or not, considering that it is approaching the end of Rel-17. The most contradictory part is the feasibility of replacing CD-SSB by NCD-SSB. Although the final conclusion should depends on the outcome of reply LS from RAN2/4, it is no doubt that RAN1/2/4 effort is needed to support Option 2. 
Observation 3: The specification impact of Option 1 is marginal, since most of the FG 6-1a features can be reused.
In summary, Option 1 is more preferred than Option 2 due to the reasons listed above. It is suggested that Option 1 is supported for Rel-17 RedCap UE. A modified FG 6-1a should be defined by removing the CORESET#0 of the original FG 6-1a. And the RedCap UE should support the modified FG 6-1a to enable Option 1. 
Proposal 4: Option 1 should be supported for Rel-17 RedCap UE.
· RedCap UE should support a modified FG 6-1a, in which CORESET#0 is removed from the original FG 6-1a.

[bookmark: _Ref71376890]Remaining issues of separate initial UL BWP
In RAN1#106bis-e, the following agreements on separate initial UL BWP for RedCap UEs were reached [7]:
	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
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
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.


It was agreed to support enabling/disabling the intra-slot PUCCH frequency hopping within the separate initial UL BWP, for the purpose of reducing the UL resource fragmentation. It can be foreseen that the performance of PUCCH may be degraded, due to the loss of frequency diversity. However, it may not be a serious issue, since the frequency hopping of PUCCH is configurable, i.e. can still be enabled. The gNB can choose whether to enable PUCCH hopping or not by its judgment on the trade-off.
For the issue on how to enable/disable the frequency hopping (FH) of PUCCH, it was discussed whether to additional support dynamic indication scheme, e.g. indication in DCI which schedules SIB1. In our opinion, dynamic indication on PUCCH hopping is not needed. It will complicate the gNB scheduler and introduce unnecessary optimization in the DL/UL grant. We should keep the difference between RedCap UE and non-RedCap UE as small as possible, to facilitate the fast development for both UE and gNB side.
Proposal 5: The frequency hopping of PUCCH in separate initial UL BWP for RedCap is enable/disabled only via SIB1.
Regarding to the multiplexing of non-FH PUCCH and FH PUCCH, it should be noted that this is not a new issue in NR. Currently, both non-FH PUCCH (in UE-dedicated UL BWP) and FH PUCCH (in UE-dedicated/initial UL BWP) are supported in the standard. Naturally, non-FH PUCCH and FH PUCCH have different OCC and cannot be multiplexed to each other due to the different length. How to manage the case is up to gNB implementation/scheduling. 
For instance, one possible way is to configure FDM-ed PUCCH resource for FH PUCCH and non-FH PUCCH. Specifically, the starting position of separate initial UL BWP for RedCap UE can be different with legacy initial UL BWP. More precisely, the starting position of separate initial UL BWP can be just right after the end of FH-PUCCH resource set in legacy initial UL BWP. This not only avoids multiplexing of non-FH and FH PUCCH but also reduce the UL resource fragmentation. Hence, we think there is no need to introduce additional specification change.
Proposal 6: No need to introduce specification changes in order to support multiplexing of non-FH and FH PUCCH. 
Another issue is the indication of frequency location of the non-FH PUCCH. In current NR, frequency hopping of PUCCH in initial UL BWP is mandated. The relationship between the two hops of a PUCCH is predefined and determined by PRI field in DCI and the CCE index. For the non-FH PUCCH, a most straight-forward way is to reuse the frequency location of the 1st hop of FH-PUCCH as the frequency location of the non-FH PUCCH, which does not require heavy specification change.
Proposal 7: Reuse the frequency location of the 1st hop of FH-PUCCH as the frequency location of the non-FH PUCCH in separate initial UL BWP for RedCap UE.

Conclusion
In this contribution, we provide our view on bandwidth reduction features for RedCap UE. The observations and proposals are summarized as follows:
Observation 1: Option 1 provides offloading not only in RRC_IDLE/RRC_INACTIVE mode but also in RRC_CONNECTED mode without introducing inter-cell interference and DL resource fragmentation.
Observation 2: There is no significant difference of UE power consumption between Option 1 and Option 2.
Observation 3: The specification impact of Option 1 is marginal, since most of the FG 6-1a features can be reused.
Proposal 1: Confirm that the following scenario is supported.
The initial DL BWP is shared between RedCap and non-RedCap UEs for both during and after initial access. 
· The initial DL BWP defined by MIB-configured CORESET#0 is shared during initial access.
· The SIB1-configured DL BWP is shared after initial access, where the bandwidths of the shared initial DL BWP should be no larger than the maximum RedCap UE bandwidth.
· Separate initial DL (and UL) BWP is NOT configured in this case.
Proposal 2: Confirm that the following scenario is supported.
Initial DL BWP is shared between RedCap and non-RedCap UEs for during initial access only. 
· The initial DL BWP defined by MIB-configured CORESET#0 is shared during initial access.
· Separate initial DL BWP is configured (in SIB1) for RedCap UE and used after initial access.
· The configuration of separate initial DL BWP follows the current rules and restrictions, e.g. containing entire MIB-configured CORESET#0.
Proposal 3: If the separate initial DL BWP is configured and contains entire MIB-configured CORESET#0, the RedCap UE uses the bandwidth and location of CORESET#0 in DL during initial access.
· This is aligned with the current NR principle.
Proposal 4: Option 1 should be supported for Rel-17 RedCap UE.
· RedCap UE should support a modified FG 6-1a, in which CORESET#0 is removed from the original FG 6-1a.
Proposal 5: The frequency hopping of PUCCH in separate initial UL BWP for RedCap is enable/disabled only via SIB1.
Proposal 6: No need to introduce specification changes in order to support multiplexing of non-FH and FH PUCCH. 
Proposal 7: Reuse the frequency location of the 1st hop of FH-PUCCH as the frequency location of the non-FH PUCCH in separate initial UL BWP for RedCap UE.
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