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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#104e, the following agreement was made with respect to this issue –
Agreements:
· 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.
· FFS: after initial access, whether a RedCap UE is allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth 
· Discuss further whether or not it is also applicable during initial access
· The initial UL BWP (derived based on SIB) for RedCap UEs can be the same as the initial UL BWP for non-RedCap UEs at least when the initial UL BWP is no wider than the RedCap UE bandwidth.
· FFS: during and after initial access, whether a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth 
· FFS whether or not to further introduce the following (e.g., for offloading purpose, for differentiation of RedCap vs. non RedCap UEs, for different BWP#0 configuration options, etc.)
· Whether an additional CORESET can be configured for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs
· Whether the SIB-configured initial DL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial DL BWP for non-RedCap UEs.
· Whether the SIB-configured initial UL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs
Agreements:
· Study further how to enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth, with the following options:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap UEs
· Option 3: gNB configuration (e.g., restrictions on existing PRACH configurations, or FDM-ed ROs, or always restricting the initial UL BWP to within RedCap UE bandwidth)
· Option 4: Dedicated PRACH configurations (e.g., ROs) for RedCap UEs
· Other options are not precluded
Agreements:
· Study further whether and how to enable/support that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, with the following options:
· Option 1: Proper RF-retuning for RedCap (if feasible)
· Option 2: Separate initial UL BWP(s) for RedCap
· FFS more than one starting PRB position
· Option 3: Separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation for the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
· Option 4: gNB configuration (e.g., always restricting the initial UL BWP to within RedCap UE bandwidth, or restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH)
· As an example, with restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH, when the initial UL BWP is the same for RedCap and non-RedCap UEs, the PUCCH (for Msg4/[MsgB] HARQ feedback) and PUSCH (for Msg3/[MsgA]) are within the RedCap UE bandwidth
· Other options are not precluded
In this contribution, we address issues related to reduced maximum UE bandwidth.
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973]Reduced Maximum UE Bandwidth
In [1], it was agreed that the maximum bandwidth for FR1 and FR2 RedCap UEs during and after initial access would be 20 and 100 MHz, respectively. Furthermore, the WID states that Rel-15 SSB bandwidth is reused and L1 changes minimized. In RAN1#104e, it was agreed that 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. For initial access, the bandwidth of the SSB, CORESET0, and SIB1 are within the maximum bandwidth for FR1 and FR2 RedCap UEs. Therefore, existing SSB, CORESET0 and SIB1 design can be reused for RedCap UEs. Furthermore, in [2], it was concluded that there is no coverage issue with SSB, CORESET0 and SIB1 for RedCap UEs except for the case of FR1 TDD with 1Rx and reduced antenna efficiency where some enhancements may be needed. However, as discussed in [4], potential coverage loss for can be mitigated using existing techniques. Note that for SIB1, additional parameters related to RedCap may be added. However, this is no difference than adding additional parameters to support other features. Therefore, it is proposed to reuse the existing SIB1 design with new RedCap parameters.
Proposal 1: Reuse Rel-15 SIB1 design for RedCap UEs.
One key issue to be addressed is with respect to UE transmission or reception beyond its maximum UE bandwidth. During initial access, the dowlink transmissions are always within the CORESET0 bandwidth. Therefore, there is no issue with reception beyond maximum UE bandwidth. However, the uplink transmissions are based on the configured BWP, which may be larger than the maximum UE bandwidth. In this case, there are two issues –
· 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
In addition, there have been proposals to allow UE to operate in BWP that is larger than the maximum UE bandwidth. One reason provided is that this allows only one DL and one UL BWPs to be configured in the system, which is the default configuration in some Rel-15 deployments. This, however, is not a strong motivation as a solution to switch UEs to respective BWPs based on existing specification is already available. The only drawback is a restriction on the system configuration. A second reason is the potential benefit from frequency selective scheduling or interference avoidance. This, however, would require RedCap UE to perform measurements outside of the maximum UE bandwidth which is not preferred. A third reason is the potential frequency diversity gain from hopping between larger BWP. This, however, requires retuning between slots which may take away data symbols. In RAN1#104e, it was agreed that the duplex retuning time for HD-FDD UE is 13 ms. While retuning time is likely to be much faster, it may still be require one symbol to be reserved, thus reducing throughput. Even with very fast retuning time, performance analysis shows that the benefits from frequency hopping beyond the maximum UE bandwidth is small. Figure 1 shows link-level performance of PDSCH with and withoug frequency hopping. When the UE hops, it can hop between the band edges of a 20 MHz BWP or 100 MHz BWP. The retuning time was assumed to be zero in this case. From the figure, it is seen that the additional gain in hopping between 100 MHz instead of 20 MHz is small (approximately 0.3 dB). Therefore, frequency hopping beyond 20 MHz provides only small gain.
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[bookmark: _Ref68179971][bookmark: _Ref68179967]Figure 1. Link-level performance with frequency hopping.
Figure 2 shows the CDF of uplink user throughput obtained from system-level simulations. The UE BW is 20 MHz while the system BW is either 20 or 100 MHz. The UE is always assigned 51 PRBs. In case of 100 MHz BWP, the starting PRB of the PUSCH is allocated randomly within the BWP to simulate frequency diversity. From the figure, it is seen that the throughput with frequency hopping is small. Therefore, frequency hopping beyond 20 MHz provided only small gain also in system-level analysis.
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[bookmark: _Ref68180204]Figure 2. System-level performance with frequency hopping.
Alternately, RedCap UE could be restricted to only operate in BWP that is smaller than or equal to the maximum UE bandwidth. In this case, there would be no issue with wideband operation as discussed above. However, this means that there may be some restrictions on the legacy UE as the network would be limited in configuring the initial BWPs such that they are within the maximum UE bandwidth. In our understanding, in NR, the UE is not allowed to access the system if the initial bandwidth part is larger than the supported bandwidth per RRC specification. In 38.331, it states –
2>	if the UE supports an uplink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in uplinkConfigCommon for the SCS of the initial uplink BWP), and which
-	is wider than or equal to the bandwidth of the initial uplink BWP, and
2>	if the UE supports a downlink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in downlinkConfigCommon for the SCS of the initial downlink BWP), and which
-	is wider than or equal to the bandwidth of the initial downlink BWP:
….
2>	else:
3>	consider the cell as barred in accordance with TS 38.304 [20]; and
3>	perform barring as if intraFreqReselection is set to notAllowed;
Therefore, RedCap UE should also follow this same procedue. Furthermore, as discussed, we don’t see a compelling reason to configure larger BWP for RedCap UE. It is then proposed that RedCap UE does not support BWP that is wider than the maximum UE bandwidth. This would apply for UE in idle, connected, and inactive states. It would be up to the network to ensure that the system is configured appropriately for RedCap. In our view, while this places some limitations on network configuration and potential legacy UE performance, we believe the liminations are relatively minor.
Proposal 2: RedCap UE does not support BWP that is wider than the maximum UE bandwidth.  
In RAN1#104e, the issue of separate initial BWPs for RedCap UE was discussed. They can be used for offloading, for differentiation of RedCap UEs, for different BWP#0 configuration options, etc. Currently, we don’t see strong motivations for the need to offload RedCap UE as initial access procedure does not consume a lot of resources. Any system congestion can be handled via access barring of RedCap UE. In our view, initial UL BWP of 20 MHz is sufficient to accommodate large number of UEs performing initial access (Msg1/Msg3). After initial access, RedCap UEs can be moved to a separate BWP. Furthermore, while RedCap UEs may have reduced antenna efficiency, only a fraction of RedCap UEs will have reduced antenna efficiency. Similarly, the downlink CORESET0 bandwidth is sufficient to schedule all the relevant messages to UEs. Therefore, we make the following proposals –
Proposal 3: There is no need to configure additional CORESET for scheduling of Msg2/Msg4/Paging/SI messages for RedCap UEs. 
Proposal 4: There is no need to support SIB-configured initial DL BWP for RedCap UEs that is different from the SIB-configured initial DL BWP for non-RedCap UEs. 
Proposal 5: There is no need to support SIB-configured initial U BWP for RedCap UEs that is different from the SIB-configured initial UL BWP for non-RedCap UEs. 
With respect to the issue of RACH occasion associated with the best SSB falling within the RedCap UE bandwidth, four options were listed in RAN1#104e as shown below –
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap UEs
· Option 3: gNB configuration (e.g., restrictions on existing PRACH configurations, or FDM-ed ROs, or always restricting the initial UL BWP to within RedCap UE bandwidth)
· Option 4: Dedicated PRACH configurations (e.g., ROs) for RedCap UEs
Given our view in Proposal 2, our preference here is that the gNB does not configure initial BWP that is beyond the maximum UE bandwidth. Therefore, this issue will not occur.
Proposal 6: With respect to RACH occasion during initial access, gNB should not configure initial UL BWP that is wider than the maximum UE bandwidth.
The issues of PUCCH and PUSCH hopping beyond the maximum UE bandwidth were also discussed and four options were proposed –
· Option 1: Proper RF-retuning for RedCap (if feasible)
· Option 2: Separate initial UL BWP(s) for RedCap
· Option 3: Separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation for the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
· Option 4: gNB configuration (e.g., always restricting the initial UL BWP to within RedCap UE bandwidth, or restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH)
Our preference here is again the the gNB should not configure initial BWP that is wider than the maximum UE bandwidth. Therefore, this issue will not occur.
Proposal 7: With respect to PUCCH and PUSCH frequency hopping during initial access, gNB should not configure initial UL BWP that is wider than the maximum UE bandwidth.
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.
Conclusions
In this contribution, we consider reduced maximum UE bandwidth and make the following proposals –
Proposal 1: Reuse Rel-15 SIB1 design for RedCap UEs.
Proposal 2: RedCap UE does not support BWP that is wider than the maximum UE bandwidth.  
Proposal 3: There is no need to configure additional CORESET for scheduling of Msg2/Msg4/Paging/SI messages for RedCap UEs. 
Proposal 4: There is no need to support SIB-configured initial DL BWP for RedCap UEs that is different from the SIB-configured initial DL BWP for non-RedCap UEs. 
Proposal 5: There is no need to support SIB-configured initial U BWP for RedCap UEs that is different from the SIB-configured initial UL BWP for non-RedCap UEs. 
Proposal 6: With respect to RACH occasion during initial access, gNB should not configure initial UL BWP that is wider than the maximum UE bandwidth.
Proposal 7: With respect to PUCCH and PUSCH frequency hopping during initial access, gNB should not configure initial UL BWP that is wider than the maximum UE bandwidth.
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