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Introduction
In RAN1 #106b-emeeting, the following agreements were made for bandwidth reduction techniques for RedCap UE:

	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.
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: 

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.


In this contribution, we discuss the remaining issues on reduced maximum UE bandwidth for RedCap.
Initial DL BWP
The configuration of a separate initial DL BWP for RedCap UEs has been confirmed for the purpose of flexibility and offloading. However, the use of the separately SIB-configured initial DL BWP during initial access and the associated TDD center frequencies alignment issues remain controversial.
In our view, the separately configured initial DL BWP for RedCap UEs can be used during initial access. To be more specific, if the separate initial DL BWP for RedCap UEs does not contain the MIB-configured CORESET#0, it can be used for RACH and/or paging during initial access for offloading and center frequencies alignment. In this case, separate CSS for RACH and/or paging can be configured within the separate initial DL BWP.

Proposal 1: The separately SIB-configured initial DL BWP for RedCap UEs can be used during initial access if it does not contain the entire MIB-configured CORESET#0.
Proposal 2: Separate CSS for RACH and/or paging can be configured within the separate initial DL BWP for the purpose of offloading and minimizing impacts on legacy UEs.
If the separate initial DL BWP for RedCap UEs contains the MIB-configured CORESET#0, we may need to consider the following two cases. 1) If separate CSS for RACH and/or paging is configured within the separate initial DL BWP, RedCap UEs shall use the separate initial DL BWP during initial access for the purpose of offloading and minimizing impacts on legacy UEs. 2) If separate CSS for RACH and/or paging is not configured, RedCap UEs shall use the bandwidth and location of the CORESET#0 in DL during initial access to minimize spec effort. In this case, the principle of current NR spec should be followed for the sake of simplicity, that is, RedCap UEs keep CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment and applies the separate initial DL BWP after initial access. As a result, we confirm the working assumption that the separately SIB-configured initial DL BWP for RedCap UEs applies at least after initial access for FR1 when MIB configured CORESET#0 is included.
Proposal 3: If separate CSS for RACH and/or paging is configured within the separate initial DL BWP, RedCap UEs shall use the separate initial DL BWP during initial access.

Proposal 4: If separate CSS for RACH and/or paging is not configured, RedCap UEs shall use the bandwidth and location of the CORESET#0 in DL during initial access.
Proposal 5: Confirm the working assumption that the separately SIB-configured initial DL BWP for RedCap UEs applies at least after initial access for FR1 when MIB configured CORESET#0 is included.
Furthermore, it should not be mandatory that the separately SIB-configured initial DL BWP must be configured for random access and/or paging. From the perspective of NW flexibility, the following case should also be supported for RedCap UEs, that is, the separate initial DL BWP excluding the entire CORESET#0 is only used in RRC-CONNECTED mode. For example, when RedCap UEs and non-RedCap UEs share the PRACH resource, RedCap UEs would monitor RAR and paging within the CORESET#0 bandwidth. If the initial DL BWP for non-RedCap UEs is larger than the max RedCap UE bandwidth, gNB can configure a separate initial DL BWP (not containing CORESET#0) to be used only in RRC-CONNECTED mode for RedCap UEs. In this case, maybe no CSS is included in the separate initial DL BWP for RedCap UEs. Therefore, to be more precise, if a separately SIB-configured initial DL BWP for RedCap UEs is configured, it can contain at least one CORESET and at least one CSS.

Proposal 6: If the initial DL BWP for non-RedCap UEs is larger than the max RedCap UE bandwidth, gNB can configure a separate initial DL BWP excluding CORESET#0 for RedCap UEs to be used only in RRC-CONNECTED mode.

TDD center frequencies alignment:

If the initial DL BWP for RedCap UEs is defined as the MIB-configured CORESET#0 or contains the entire CORESET#0, the center frequency of the initial DL BWP does not need to be aligned with that of the initial UL BWP located at the carrier edge. Otherwise, if TDD center frequencies alignment during initial access is mandatory, the configuration of the existing network needs to be modified that CD-SSB and CORESET#0 are restricted to be placed at the carrier edge for aligning UL/DL center frequencies, which is detrimental to network scheduling flexibility. If the separate initial DL BWP for RedCap UEs does not include CD-SSB and the entire CORESET#0, the separate initial DL BWP can be used during initial access for the purpose of offloading and center frequencies alignment. In this case, center frequencies can be kept aligned for the initial DL and UL BWPs used during random access for RedCap UEs in TDD.

Proposal 7: If the separately SIB-configured initial DL BWP contains the entire CORESET#0, center frequencies do not need to be aligned for the initial DL and UL BWPs used during random access for RedCap UEs.
Mechanism for SI update notifications and/or SI updates:

The notification and reception of SI updates can follow the legacy methodology to minimize spec effort. As captured in TS 38.331, the UE receives notification about SI updates and/or PWS notifications using Short Message transmitted with P-RNTI over DCI.  For RedCap UEs in RRC_IDLE or in RRC_INACTIVE mode, the UEs shall monitor for SI updates notification in its own paging occasion every DRX cycle. Upon notification of SI updates, RedCap UEs can switch to the MIB-configured CORESET#0 by RF retuning for the reception of system information if the separately SIB-configured initial DL BWP does not contain the entire CORESET#0. For RedCap UEs in RRC_CONNECTED mode, if the active BWP for RedCap UEs overlaps with the initial BWP, or the active BWP has been configured with common search spaces for paging, SIB1 message and other system information (i.e., SIB2 and beyond), the RedCap UEs can be informed of the SI updates directly on that active BWP by monitoring paging at least once per modification period. If the active BWP has not been configured with search spaces for the reception of paging and SI updates, the network can provide system information through dedicated signaling using the RRCReconfiguration message.

Proposal 8: For RedCap UEs in RRC_CONNECTED mode, the network can provide system information through dedicated signaling using the RRCReconfiguration message.
Proposal 9: If the separately SIB-configured initial DL BWP does not contain the entire CORESET#0, RedCap UEs in RRC_IDLE or RRC_INACTIVE mode can switch to the MIB-configured CORESET#0 by RF retuning for the reception of SI updates.

Initial UL BWP

Regarding PUCCH transmissions (for Msg4/MsgB HARQ feedback) during initial access, the agreement has been made that the PUCCH frequency hopping is enabled/disabled at least via SIB to mitigate PUSCH resource fragmentation. However, there are still several FFSs that need to be addressed for supporting non-FH PUCCH transmissions.

Specification changes for enabling/disabling intra-slot PUCCH frequency hopping:

According to TS 38.213, the legacy UE transmits a PUCCH using frequency hopping if not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon, which means PUCCH frequency hopping is enabled by default in the licensed spectrum. For differentiation purposes, a new IE intraSlotFrequencyHopping-RedCap can be defined in SIB1->BWP-UplinkCommon for RedCap UEs, indicating whether to disable intra-slot PUCCH frequency hopping within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB. 

Besides, since the frequency hopping is disabled via SIB, cell-specific PUCCH resources/parameters should be clearly defined for RedCap UEs without aggregating PUSCH resource fragmentation. Specifically, as captured in Clause 9.2.1 of TS 38.213, the UE determines the PRB index of the PUCCH transmission according to a resource index
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, which ranges from 0 to 15 and indicates the hopping direction. If RedCap UEs use both PRB indexes of the first hop and second hop for PUCCH transmissions without any restriction on the indicated 
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 (as showed in the following figures), PUSCH resource fragmentation will inevitably be generated. This kind of problem can be avoided by confining the value of 
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, however, it results in a reduction in the number of available PUCCH resources from 16 to 8, and also limits the location of PDCCH for Msg4/MsgB. Therefore, PRB index determination for PUCCH transmissions needs to be further addressed when FH is disabled within the separate initial UL BWP for RedCap UEs.
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Figure 1: PUCCH resource configuration for legacy UEs with different resource indexes
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Figure 2: PUSCH resource fragmentation for RedCap UEs with resource index 
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Observation 1: If both PRB indexes of the first hop and second hop are used for PUCCH transmissions without any restriction on the indicated 
[image: image7.wmf]PUCCH

r

 for RedCap UEs, PUSCH resource fragmentation will inevitably be caused.

Observation 2: Although gNB can confine the value of 
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 for RedCap UEs to avoid PUSCH resource fragmentation, it may reduce the number of available PUCCH resources and limit the location of PDCCH for Msg4/MsgB.

Proposal 10: PRB index determination for PUCCH transmissions needs to be further addressed when FH is disabled within the separate initial UL BWP for RedCap UEs.
Specification changes for supporting multiplexing of non-FH and FH PUCCH transmissions:

As captured in TS 38.213, an orthogonal cover code with index 0 is used for a PUCCH resource with PUCCH format 1 if a UE does not have dedicated PUCCH resource configuration. In other word, the OCC sequence with index 0 is always used for PUCCH format 1 during initial access and thus multi-user multiplexing on the time domain is not supported. For differentiation purposes, different cyclic shifts or TDM/FDM PUCCH resources can be applied to multiplex RedCap UEs and non-RedCap UEs. From the perspective of network scheduling, gNB has the flexibility to allocate PUCCH resources of RedCap UEs and non-RedCap UEs on different time-frequency grids or applies different cyclic shifts to different users. Besides, the transmission multiplexing of non-FH and FH PUCCH already exists in NR in RRC-CONNECTED mode and it is sufficient to simply follow the existing multiplexing strategy. Therefore, there is no need to make any specification changes to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.

Proposal 11: Different cyclic shifts or TDM/FDM PUCCH resources can be applied to multiplex RedCap UEs with non-FH PUCCH transmission and non-RedCap UEs with FH PUCCH transmission.

Proposal 12: There is no need to make any specification changes to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.

Whether up to 2 separate initial UL BWPs can also be configured:
As far as we are concerned, the necessity of configuring more than one separate initial UL BWP for RedCap UEs is not foreseen.The RO-SSB related issue can be resolved well by proper gNB configuration without any specification changes. Besides, the configuration of more than one separate initial UL BWP would cause problems in several aspects.

1) Multiple separate initial DL BWPs for RedCap UEs should also be configured for TDD center frequencies alignment purpose. Although only one separate initial UL/DL BWP pair would be used for one specific user during initial access, associated NCD-SSB and COCRESET/CSS for RACH and/or paging might need to be configured in all separately configured initial DL BWPs, resulting in non-negligible overhead and spectrum efficiency loss.

2) Multiple separate initial UL BWPs (if configured) might be configured to be FDM-ed in the frequency domain to cover all shared ROs that span outside the maximum RedCap UE bandwidth. In this case, it is hard to place them all at the carrier edge or two sides of common PUCCH for non-RedCap UEs, which would definitely aggravate the PUSCH resource fragmentation. 

Observation 3: The configuration of more than one separate initial UL BWP for RedCap UEs results in non-negligible overhead and aggravates the PUSCH resource fragmentation. 

Proposal 13: More than one separate initial UL BWPs for RedCap UEs should not be supported in Rel-17.
Conclusions

In the previous sections we have discussed the open issues on reduced maximum UE bandwidth for RedCap UEs and made the following observations and proposals: 

Observations:
Observation 1: If both PRB indexes of the first hop and second hop are used for PUCCH transmissions without any restriction on the indicated 
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 for RedCap UEs, PUSCH resource fragmentation will inevitably be caused.

Observation 2: Although gNB can confine the value of 
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 for RedCap UEs to avoid PUSCH resource fragmentation, it may reduce the number of available PUCCH resources and limit the location of PDCCH for Msg4/MsgB.

Observation 3: The configuration of more than one separate initial UL BWP for RedCap UEs results in non-negligible overhead and aggravates the PUSCH resource fragmentation. 

Proposals:

Proposal 1: The separately SIB-configured initial DL BWP for RedCap UEs can be used during initial access if it does not contain the entire MIB-configured CORESET#0.

Proposal 2: Separate CSS for RACH and/or paging can be configured within the separate initial DL BWP for the purpose of offloading and minimizing impacts on legacy UEs.

Proposal 3: If separate CSS for RACH and/or paging is configured within the separate initial DL BWP, RedCap UEs shall use the separate initial DL BWP during initial access.

Proposal 4: If separate CSS for RACH and/or paging is not configured, RedCap UEs shall use the bandwidth and location of the CORESET#0 in DL during initial access.

Proposal 5: Confirm the working assumption that the separately SIB-configured initial DL BWP for RedCap UEs applies at least after initial access for FR1 when MIB configured CORESET#0 is included.

Proposal 6: If the initial DL BWP for non-RedCap UEs is larger than the max RedCap UE bandwidth, gNB can configure a separate initial DL BWP excluding CORESET#0 for RedCap UEs to be used only in RRC-CONNECTED mode.

Proposal 7: If the separately SIB-configured initial DL BWP contains the entire CORESET#0, center frequencies do not need to be aligned for the initial DL and UL BWPs used during random access for RedCap UEs.

Proposal 8: For RedCap UEs in RRC_CONNECTED mode, the network can provide system information through dedicated signaling using the RRCReconfiguration message.
Proposal 9: If the separately SIB-configured initial DL BWP does not contain the entire CORESET#0, RedCap UEs in RRC_IDLE or RRC_INACTIVE mode can switch to the MIB-configured CORESET#0 by RF retuning for the reception of SI updates.

Proposal 10: PRB index determination for PUCCH transmissions needs to be further addressed when FH is disabled within the separate initial UL BWP for RedCap UEs.

Proposal 11: Different cyclic shifts or TDM/FDM PUCCH resources can be applied to multiplex RedCap UEs with non-FH PUCCH transmission and non-RedCap UEs with FH PUCCH transmission.

Proposal 12: There is no need to make any specification changes to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.

Proposal 13: More than one separate initial UL BWPs for RedCap UEs should not be supported in Rel-17.
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