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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#104-e, RAN1#104bis-e and RAN1#105-e, several agreements and working assumptions were reached on the bandwidth related aspects for RedCap UE [3][4][5]. 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 bandwidth reduction aspects based on the RAN1 discussion so far.

Discussion
[bookmark: _Ref52270350]Initial DL BWP
In RAN1#105-e, the following agreements and working assumptions were reached [5]:
	Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):
· Working assumption: 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.
· Working assumption: 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.
Working assumption: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case


In the working assumption, an initial DL BWP can be optionally configured to the RedCap UE after the initial access. The bandwidth of the RedCap-dedicated initial DL BWP is restricted and cannot be wider than the maximum RedCap UE bandwidth. But many details are still unclear.
· Whether the RedCap-dedicated initial DL BWP can also be used during the initial access
First of all, we would like to emphasize that the bandwidth of all the legacy initial DL BWP configurations during the initial access is always within the RedCap UE bandwidth. It is also an important reason why 20 MHz was agreed as the maximum RedCap UE BW. There is no doubt that the legacy initial DL BWP is always capable to serve the RedCap UE, without any additional modification. 
Secondly, it is doubtful whether congestion is an essential and serious issue. The number of RedCap UEs in this early release is unlikely to be large, and also the transmission during the initial access only needs very low data rate. During the SI phase, it has been confirmed that PDCCH blocking is not a big issue [6], not to mention that initial access can be performed by a ‘keep trying’ manner. Therefore, the motivation of offloading is not strong. 
Furthermore, even if a RedCap-dedicated initial DL BWP can be used during the initial access, it seems not helpful in offloading due to the following reasons:
1) If the new initial DL BWP includes legacy SSB, it is largely overlapped with the legacy one at least for FR1. This will make the intention of offloading in vain. 
2) If the new initial DL BWP is FDMed with the legacy one, it will not include original SSB at least for FR1. In this case, either the UE will be not able to adjust its reception based on SSB during initial access (e.g. frequency tracking, time tracking, RF calibration, power control), or additional non-cell-defined (NCD) SSB should be placed in the new initial DL BWP. Along with the NCD SSB, the gNB also has to configure periodic cell common channels like Type1-CSS and CORESET for PDCCH. Introducing cell common signal/channels has the risk of increasing the inter-cell interference, and the DL resource cost of such cell-common periodic signal is non-negligible, as shown in Figure 1 (b). Comparing to Figure 1 (a), heavy DL resource cost (and potential inter-cell interference) is observed due to the introduction of additional SSB, common search space, CORESET and SIBs for RedCap UEs.
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[bookmark: _Ref79140164]Figure 1 Illustration of DL resource cost due to introduction of a new separate initial DL BWP for Redcap UEs during the initial access.
As a result, neither way shows enough property to introduce a RedCap-dedicated initial DL BWP during the initial access. 
Another motivation is to keep the same center frequency of DL and UL BWP in a BWP pair. However, it is related to TDD only, and it is still unclear whether the center frequency of DL and UL BWP of the RedCap UE can be different or not. To say the least, the UE shall be able to perform RF retuning between DL reception and UL transmission during the initial access. In [8], the majority companies have acknowledged that: for unpaired spectrum, an initial access or idle-mode UE can retune its RF for RACH procedure when the center frequencies of CORESET#0 (the initial DL BWP configured by MIB) and the initial UL BWP are different. It seems that different center frequencies for initial DL BWP and initial UL BWP in unpaired spectrum is acceptable at least for initial access. This makes the motivation less convincing.
Observation 1: Different center frequencies for initial DL BWP and initial UL BWP in unpaired spectrum is acceptable at least for initial access.
Observation 2: Introducing a RedCap-dedicated initial DL BWP during the initial access does not show enough motivation but leads to heavy specification impact and DL resource cost.
Proposal 1: There is no need to introduce a separate initial DL BWP for RedCap UEs during the initial access.
· Configuration of the RedCap-dedicated initial DL BWP after the initial access
Currently, NR supports two different methods to configure initial DL BWP after the initial access, i.e. BWP configuration option#1 and option#2 in the Annex B.2 of TS 38.331 [7].
· Option#1: Configure BWP-DownlinkCommon and BWP-UplinkCommon in ServingCellConfigCommon, but do not configure dedicated configurations in BWP-DownlinkDedicated or BWP-UplinkDedicated in ServingCellConfig.
· Option#2: Configure both BWP-DownlinkCommon and BWP-UplinkCommon in ServingCellConfigCommon and configure dedicated configurations in at least one of BWP-DownlinkDedicated or BWP-UplinkDedicated in ServingCellConfig.
We think the above two options can be reused for RedCap UE. The RedCap-dedicated initial DL BWP can be configured by broadcasting only in SIB1 (option#1), or can be further configured by UE-dedicated RRC parameters (option#2).
Also, the corresponding configuration rules and restrictions shall also be followed. For example, the RedCap-dedicated initial DL BWP shall be activated after the initial access. For another example, the gNB shall configure the locationAndBandwidth of the RedCap-dedicated initial DL BWP so that it contains the entire CORESET#0 of this serving cell in the frequency domain. 
Proposal 2: Reuse the configuration method of the legacy initial DL BWP after initial access for configuration of RedCap-dedicated initial DL BWP after the initial access. 
· The corresponding configuration rules and restrictions shall also be followed.

[bookmark: _Ref71376890]Initial UL BWP
In RAN1#105-e, the following working assumptions were reached [5]:
	Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.
· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  


According to the WA, a separate initial UL BWP for RedCap UE can be configured to solve the out-of-range issue of RO and PUCCH and/or PUSCH. However, several issues are still not settled even with the RedCap-dedicated initial UL BWP:
· How to solve the case when ROs are shared, but the set of ROs exceed the bandwidth of RedCap-dedicated initial UL BWP.
· How to avoid or minimize the PUSCH resource fragmentation due to PUCCH transmission.
Issue of sharing ROs
Sharing the RO is one of the important design goals which can reduce the blind detection complexity for the gNB. It was agreed in principle that when a separate initial UL BWP (which is not expected to exceed the maximum RedCap UE bandwidth) is configured for the RedCap UE, the ROs can still be shared by normal UEs and RedCap UEs [5]. 
	Working assumption: Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.
Working assumption: 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.


However, the frequency range of the set of shared ROs for legacy UE may still exceed the maximum RedCap UE bandwidth. For instance, in FR1, the set of ROs with L = 139, SCS = 30 kHz and FDM = 8 occupies 34.56 MHz, which is larger than the maximum RedCap UE bandwidth. In FR2, the set of ROs with L = 139, SCS = 120 kHz and FDM = 8 occupies 138.24 MHz in total. In both cases, one RedCap-dedicated initial UL BWP cannot cover all the ROs in frequency domain. Consequently, some RedCap UE may not be able to select the most suitable RO based on the measurement of the SSBs, which will degrade the success rate of initial access.
A feasible solution is to indicate more than one RedCap-dedicated initial UL BWP. For example, the gNB can indicate several RedCap-dedicated initial UL BWP candidates, by which cover all the shared ROs. And, if a RedCap UE selects a specific RO to start the initial access, the RedCap UE also applies the candidate which covers the selected RO as its initial UL BWP. Figure 2 illustrates a possible configuration where eight ROs in frequency domain are covered by two RedCap-dedicated initial UL BWP candidates.
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[bookmark: _Ref78308701]Figure 2 RO sharing among RedCap UEs and normal UEs when separate initial UL BWP is configured.
However, additional restriction shall also be considered. For example, to avoid ambiguity, a RO should not be covered by more than one RedCap initial UL BWP candidate in frequency domain. And, a number of two candidates seem sufficient to tackle the out-of-range issue of ROs.
We have the following proposal:
Proposal 3: When the ROs are shared by RedCap UE and normal UE, and if the set of ROs still exceed the maximum RedCap UE bandwidth,
· The gNB can configure more than one RedCap-dedicated initial UL BWP candidates to cover all the ROs. 
· A RedCap UE should apply one of the candidates as its initial UL BWP based on its selected RO.
· FFS details.
Issue of resource fragmentation due to PUCCH transmission
Similar to the RO case, it was agreed in principle that a separate initial UL BWP (which is not expected to exceed the maximum RedCap UE bandwidth) can be configured to the RedCap UE to solve the out-of-range issue of PUCCH (for Msg4/MsgB) and/or PUSCH (for Msg3/MsgA). However, overlapping between the initial UL BWP may lead to UL resource fragmentation, and need some optimization. Also, it is still FFS whether/how the specification also supports other solutions to solve the out-of-range issue of PUSCH/PUCCH.
	Working assumption: 
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)


Generally, the RedCap-dedicated initial UL BWP can solve the out-of-range issues not only for the set of ROs but also for the PUCCH/PUSCH. Note that, we also agreed that the RedCap-dedicated initial UL BWP shall not be wider than the maximum RedCap UE bandwidth. However, resource fragmentation may be another issue needs to be further considered.
Regarding to the issue of resource fragmentation, the most direct way is to transmit the PUCCH at the edge of the initial UL BWP. Figure 3 shows an example assuming that the RedCap PUCCH is transmitted at the low frequency side.
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[bookmark: _Ref78960251]Figure 3 RedCap PUCCH at the edge of the initial UL BWP.
However, as observed from Figure 3, RedCap PUCCH hopping still fragments the available UL resource in the initial UL BWP for normal UE, due to the 2nd hop transmission at the edge of RedCap-dedicated initial UL BWP. To alleviate the resource fragmentation, the hopping of PUCCH in the RedCap-dedicated initial UL BWP may need to be disabled.
Observation 3: Disabling the frequency hopping of common PUCCH of RedCap UE can alleviate the UL resource fragmentation.
If the hopping of PUCCH of RedCap UE is disabled, whether the PUCCH of RedCap UE and the PUCCH of normal UE can be multiplexed should be further considered. Note that the common PUCCH of normal UE always enables the frequency hopping. Therefore, if multiplexing is allowed, one non-hopping PUCCH of RedCap UE will overlap with two PUCCHs of normal UE, i.e. overlapping the 1st hop of a first PUCCH in the first half and the 2nd hop of a second PUCCH in the second half. This will reduce the PUCCH capacity of normal UE significantly. 
To mitigate the reduction of PUCCH capacity of normal UE and the fragmentation of UL resource at the same time, the resource set of PUCCH of RedCap UE can be just next to the resource set of PUCCH of normal UE in frequency domain, as shown in Figure 4.
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[bookmark: _Ref78355193]Figure 4 RedCap PUCCH in the RedCap-dedicated initial UL BWP.
Furthermore, if the gNB always ensures that the location of the PUCCH resource set for RedCap UE is included in the RedCap-dedicated initial UL BWP, the flexibility of RedCap-dedicated initial UL BWP configuration will be seriously reduced. Whether such restriction can be relaxed should be further studied.
In summary, for the issue of resource fragmentation due to RedCap PUCCH transmission, we have the following proposal:
Proposal 4: The PUCCH resource set of RedCap UE is configured at the edge of the initial UL BWP next to the PUCCH resource set of normal UE.
· FFS the frequency hopping of RedCap PUCCH in the initial UL BWP can be disabled.
· FFS the gNB shall always ensure that the location of the RedCap PUCCH resource set is included in the RedCap-dedicated initial UL BWP.

Conclusion
In this contribution, we provide our view on bandwidth reduction features for RedCap UE. The observation and proposals are summarized as follows:
Observation 1: Different center frequencies for initial DL BWP and initial UL BWP in unpaired spectrum is acceptable at least for initial access.
Observation 2: Introducing a RedCap-dedicated initial DL BWP during the initial access does not show enough motivation but leads to heavy specification impact and DL resource cost.
Observation 3: Disabling the frequency hopping of common PUCCH of RedCap UE can alleviate the UL resource fragmentation.
Proposal 1: There is no need to introduce a separate initial DL BWP for RedCap UEs during the initial access.
Proposal 2: Reuse the configuration method of the legacy initial DL BWP after initial access for configuration of RedCap-dedicated initial DL BWP after the initial access. 
· The corresponding configuration rules and restrictions shall also be followed.
Proposal 3: When the ROs are shared by RedCap UE and normal UE, and if the set of ROs still exceed the maximum RedCap UE bandwidth,
· The gNB can configure more than one RedCap-dedicated initial UL BWP candidates to cover all the ROs. 
· A RedCap UE should apply one of the candidates as its initial UL BWP based on its selected RO.
· FFS details.
Proposal 4: The PUCCH resource set of RedCap UE is configured at the edge of the initial UL BWP next to the PUCCH resource set of normal UE.
· FFS the frequency hopping of RedCap PUCCH in the initial UL BWP can be disabled.
· [bookmark: _GoBack]FFS the gNB shall always ensure that the location of the RedCap PUCCH resource set is included in the RedCap-dedicated initial UL BWP.
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