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Introduction
The Rel-17 study item on Reduced Capability NR devices was approved during the RAN plenary meeting #86 [1]. The latest updated of the WID was agreed in RAN plenary meeting #92e [2]. This paper contains contributions on the aspect of RedCap UE BWP operation. 
Maximum BWP bandwidth configuration of RedCap UEs 
	Decision:  In RAN1#105 no consensus could be reached on the draft LS on RF switching time to RAN4.
Agreement (R1#105): Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· 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.
Agreement: (R1#106): 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).

Agreements (R1#106):  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.


Initial downlink BWP operation of RedCap UEs
	Agreements (R1#104):
· Sharing of the same SSB and CORESET#0 between RedCap and non-RedCap UEs is supported when the bandwidth is no wider than the RedCap UE bandwidth
· The initial DL BWP (derived based on MIB/SIB) for RedCap UEs can be the same as the initial DL BWP for non-RedCap UEs at least when the initial DL BWP is no wider than the RedCap UE bandwidth.

· Working assumption (R1#105): 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

Agreements (R1#106):
· 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.
· Working assumption: The frequency hopping is enabled/disabled at least via SIB.


According to the agreements listed in the previous section, the RedCap UE should not be required to operate in a BWP wider than its maximum UE RF bandwidth. Provided that this condition is met, RedCap UEs can share resources with non-RedCap UEs during initial access to minimize resource fragmentation and signalling overhead. When SIB1 configures wider DL BWP#0 than the maximum RedCap UE BW, Msg2 and Msg4 could still be scheduled in MIB-defined CORESET#0 bandwidth allowing the use of shared resources.
In TDD case, when separate initial UL BWP is configured for RedCap UEs, the initial DL BWP must have the same center-frequency. With the current agreements, this restricts the centre frequency of the MIB-defined CORESET#0 frequency range, which shall be used by all downlink transmissions during initial access. 
With the current agreements the following two options capture the possible choices for a specific deployment.
Option-1: Baseline case with RedCap initial UL/DL BWP#0 at the centre of the	carrier (Figure 1)
[bookmark: _GoBack]All UEs use the MIB-defined initial DL BWP. The initial UL and DL BWPs for RedCap UEs is located at the centre of the carrier similarly to the non-RedCap UE. However, this may cause PUSCH fragmentation for some non-RedCap UEs that do not support non-contiguous PUSCH transmission. However, the impact to the system performance is negligible and the issue presents itself in corner cases when considering the following:
· UEs that support non-contiguous PUSCH transmission will not suffer from PUSCH fragmentation.
· PUSCH fragmentation for non-RedCap UEs will occur with sustained traffic with very high throughput traffic and a radio link with high SNR. The probability of occurrence depends on the frequency of occurrence of RedCap UEs initiating a RACH procedure. In Connected mode, sending HARQ codebooks can be sent in an efficient manner without resource fragmentation, multiplexing multiple UEs on the same time-frequency resources. Therefore, the packet data rate reduction measured over a slot where PUSCH fragmentation occurs needs to be weighted by the rate of occurrence. TDM avoidance only represents an issue for Msg4-HARQ as it applies PUCCH frequency hopping and HARQ-ACK feedback occurs on resources relatively dispersed in time. 
· Disabling PUCCH frequency hopping for Msg4-HARQ brings substantial improvement in reducing the PUSCH fragmentation issue. Meanwhile, it does not limit the coverage according TR 38.875 since it only carries a few HARQ-ACK bits. The evaluation [3] of the minimum reduction of the achievable peak packet data rate for the non-RedCap UEs grows from 0% to 30% and 40% between 20 MHz, 50 MHz, 100 MHz, respectively. 
Option-2: Baseline case with RedCap initial UL/DL BWP#0 at the edge of the carrier (Figure 2)
An alternative approach is to have the MIB-defined initial DL BWP (shared by RedCap & non-RedCap UEs) at the edge of the carrier. This is necessary to configure UL BWP for RedCap UE at the edge of the carrier as well.
· Having the RedCap initial UL BWP on the edge eliminate the PUSCH fragmentation issue. In fact, this option allows eliminating the PUSCH fragmentation for non-RedCap UEs completely, provided that RedCap Msg4-HARQ PUCCH frequency-hopping is disabled. As already pointed out, FH disabling is now supported by the agreements and does not involve any significant drawback.
· This option, too, avoids retuning between DL and UL BWPs for RedCap UEs in TDD.
· Offloading of non-RedCap UE connected mode traffic is allowed by the wider initial DL BWP. 
Observation 1: The current agreements allow alleviating the issue of PUSCH fragmentation for non-RedCap UEs, while also meeting the constraint of having the same centre frequency between UL and DL BWPs in TDD.
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Figure 1. (Option-1) Baseline case with RedCap initial UL/DL BWP#0 at the centre of the carrier (TDD)
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Figure 2. (Option-2) Baseline case with RedCap initial UL/DL BWP#0 at the edge of the carrier (TDD)
If the need for offloading RedCap UEs during/after initial access from the MIB-defined frequency range and CORESET#0 is justified then the following option can be considered.
Option-3: Separate initial DL BWP for RedCap UE operation after SIB1 reception (Figure 3)
The consensus on supporting a separate initial DL BWP for RedCap UEs via SIB1 is still pending because of the disagreements on the mandatory configuration requirements for non-cell-defining SSB and CSS for RACH/paging/SI.
· This option offers the possibility of offloading RedCap UEs from the MIB-defined initial BWP, provided that SSB and CSS for RACH and paging are configured. BWP operation for RedCap and non-RedCap UEs can be largely decoupled. 
· The PDCCH-ConfigCommon configured by MIB and SIB1 is used in RRC-Idle mode to monitor paging. Separate PDCCH-ConfigCommon configurations can be configured for RedCap and non-RedCap UEs by introducing separate signaling in SIB1. Configuration of a non-cell-defining SSB should be mandated in the separate initial DL BWP to enable synchronization/RLM/RRM without retuning to the MIB-BWP. This mainly matters in idle mode to save power but also in keeping the UE complexity low. Although some resource overhead is caused by the non-CD SSB, it amounts to less than 1% of the downlink even when assuming 20 ms SS burst period. The gNB may decide to relax the period.
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Figure 3. (Option-3) Separate initial DL BWP for RedCap UE operation after SIB1 reception (TDD)

Overall, we conclude that the current agreements allow alleviating the issue of PUSCH fragmentation, while also meeting the constraint of having the same centre frequency between UL and DL BWP-pair in TDD. Separate initial DL BWP for RedCap UE may only be required for offloading, if the latter is necessary. However, the separate initial BWP (if supported) for RedCap UEs would need to be configured with additional non-CD SSB to avoid RF-retuning in idle/inactive mode, which would cause significant increase in power consumption in paging. An alternative solution that applies RF-retuning between SIB1-defined and MIB-defined BWP would be self-defeating. Therefore, it needs to be agreed that RACH/paging monitoring/SI monitoring is not supported in a BWP that is not configured with the respective CSS. 
Observation 2: Separate initial DL BWP for RedCap UE may only be required for offloading (if justified). 
Proposal 1: Additional, non-cell-defining SSB must be configured in the separate initial DL BWP (if supported) for RedCap UEs to allow low UE complexity and to avoid RF-retuning in idle/inactive mode, which would cause significant increase in power consumption in paging monitoring.
Proposal 2: RACH/paging monitoring/SI monitoring is not supported in a BWP that is not configured with the respective CSS.
Conclusions
In this contribution we made the following observations and proposals.
Observation 1: The current agreements allow alleviating the issue of PUSCH fragmentation for non-RedCap UEs, while also meeting the constraint of having the same centre frequency between UL and DL BWPs in TDD.
Observation 2: Separate initial DL BWP for RedCap UE may only be required for offloading (if justified). 
Proposal 1: Additional, non-cell-defining SSB must be configured in the separate initial DL BWP (if supported) for RedCap UEs to allow low UE complexity and to avoid RF-retuning in idle/inactive mode, which would cause significant increase in power consumption in paging monitoring.
Proposal 2: RACH/paging monitoring/SI monitoring is not supported in a BWP that is not configured with the respective CSS.
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