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1. Introduction
[bookmark: _GoBack]	As of RAN#90-e meeting, the WI titled “Support of reduced capability NR devices” was approved [1]. The WI objectives are copied below from latest version of the WID [2] for convenience. Related to the reduced UE bandwidth of RedCap, it is noted that as of RAN#91-e meeting, the maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. That is, no wider bandwidth such as 40MHz is further considered for RedCap UEs.
	4	Objective
4.1	Objective of Core part WI
This WI has the following objectives: 
· Specify support for the following UE complexity reduction features [RAN1, RAN2, 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
· …



2. Discussion
In this contribution, we present our views on the aspects related to the reduced maximum UE bandwidth of RedCap.

2.1. Initial DL BWP
According to the agreement in RAN1#104-e meeting (copied below), when the initial DL BWP for non-RedCap UEs is no wider than the maximum RedCap UE bandwidth, sharing the same initial DL BWP configured for non-RedCap UEs is now supported as a basic operation, and 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 is for further study.
	Agreements:
· …
· 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
· …
· 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 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.
· …



From our perspective, the initial DL BWP for RedCap UEs configured differently from that of non-RedCap UEs needs to be supported for a few reasons. It is needed for an offloading purpose when the traffic load is expected to be high in the initial BWP. It provides flexibility to the network with another solution for the potential congestion in the shared BWP. Another motivation is to avoid the impact on the non-RedCap UEs in terms of PDCCH blocking rate that may be caused if higher AL is necessary for RedCap UEs. With the introduction of RedCap UEs with 1 Rx branches as of RAN#91-e meeting, this motivation seems to have become a bit stronger.
It seems to make sense to us that we need to take into account the operators that are using or planning to use the entire carrier bandwidth as a single DL/UL BWP with BWP#0 configuration Option 2. In this case, it seems unavoidable to configure the initial DL BWP for RedCap UEs smaller than that of non-RedCap UEs not to mandate any changes to the existing BWP policy of the operators. Lastly, it can also be considered when the amount of information in SIB needed to support RedCap UEs is considerable so as to cause some congestion problem in the initial DL BWP if shared with non-RedCap UEs. This consideration may be broadly categorized into the traffic offloading that we mentioned earlier.

Proposal 1: The SIB1-configured initial DL BWP for RedCap UEs can be configured to be different from the SIB1-configured initial DL BWP for non-RedCap UEs.

When the initial DL bandwidth is no wider than the RedCap UE bandwidth and the initial DL BWP for RedCap UEs are the same as the initial DL BWP for non-RedCap UEs, then the same SSB and CORESET#0 can be shared between the RedCap UEs and non-RedCap UEs as agreed in RAN1#104-e meeting.
	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
· …
· 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
· …



However, when the initial DL BWP is separately and differently configured for the RedCap UEs for the reasons above, additional CORESET#0 for RedCap UEs can be configured in the separately configured initial DL BWP for RedCap UEs.

Proposal 2: An additional CORESET#0 for RedCap UEs can be configured to support the SIB1-configured initial DL BWP for RedCap UEs different from the SIB1-configured initial DL BWP for non-RedCap UEs.

2.2. Initial UL BWP
According to the agreement in RAN1#104-e meeting (copied below), when the initial UL BWP for non-RedCap UEs is no wider than the maximum RedCap UE bandwidth, sharing the same initial UL BWP configured for non-RedCap UEs is now supported as a basic operation, and 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 is for further study.
	Agreements:
· …
· 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 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.



Similar to the initial DL BWP, the initial UL BWP for RedCap UEs configured differently from that of non-RedCap UEs needs to be supported. It is needed for an offloading purpose when the traffic load is expected to be high in the initial BWP. It provides flexibility to the network with another solution for the potential congestion in the shared BWP. Another motivation is to avoid the impact on the non-RedCap UEs when the coverage recovery techniques such as Msg3 PUSCH repetitions are applied only to the RedCap UEs. When the bandwidth of the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, there are two known issues to be discussed shortly in 2.3 and 2.4. Those issues can be simply resolved if the initial UL BWP for RedCap UEs can be configured differently from the initial UL BWP of the non-RedCap UEs.

Proposal 3: The SIB1-configured initial UL BWP for RedCap UEs can be configured to be different from the SIB1-configured initial UL BWP for non-RedCap UEs.

2.3. [bookmark: _Ref68630174]RACH occasions
As one of the aspects related to the reduced maximum UE bandwidth of RedCap, an issue has been raised on the case where the total frequency span of the FDMed ROs for PRACH transmission does not fit in the maximum RedCap UE bandwidth. This case can happen, for example, if the RedCap UEs with 20 MHz maximum UE bandwidth in FR1 is configured with 8-FDMed ROs for the preamble formats with 30 kHz subcarrier spacing or for the preamble format 3 with 5 kHz subcarrier spacing. Regarding this, the following agreement was made in RAN1#104-e meeting.
	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



When initial UL BWP is no wider than the RedCap UE bandwidth, we don’t see an issue as gNB is supposed to configure the corresponding RACH resource to be entirely within the bandwidth of the UL BWP. We could say, in this case, that the RACH occasion associated with the best SSB falls within the RedCap UE bandwidth by gNB configuration (Option 3).
When the initial UL BWP is wider than the RedCap UE bandwidth, the RACH resources for non-RedCap UEs could have fallen outside the RedCap UE bandwidth, and in this case a few options can be considered to make all the RACH occasions to fall within the RedCap UE bandwidth. 
When the initial UL BWP is wider than the RedCap UE bandwidth, a separate initial UL BWP for RedCap can be configured (Option 2). In this initial UL BWP separately configured for RedCap UEs, RedCap UEs can be configured with dedicated PRACH configurations (e.g., ROs) for them (Option 4). The dedicated PRACH configurations should guarantee the RACH occasion associated with the best SSB falls within the maximum RedCap UE bandwidth in the separate initial UL BWP for RedCap UEs by gNB configuration (Option 3). 
We can also consider Option 1 when the initial UL BWP is wider than the RedCap UE bandwidth to share the PRACH configurations with non-RedCap UEs. But, this is actually not the option to support/enable that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth, but a solution to allow the case where the RACH occasion associated with the best SSB falls outside the RedCap UE bandwidth. But anyway to make a further progress, we need some feedback on the time required to get ready to receive in the downlink after PRACH preambles in different frequencies requiring RF retuning. Start of the RAR window may need to be adjusted to accommodate the RF retuning time or just let the gNB being aware of the need for RF retuning of RedCap UEs schedule the RAR accordingly.
During the discussion in RAN1#104-e meeting, it was clarified that configuring multiple initial BWPs is included in Option 2. As an example of Option 2, we can consider configuring multiple (=M) initial UL BWPs and let the RedCap UEs select one of the M initial UL BWPs to which the RACH occasion associated with the best SSB belongs. The benefit of this approach is to not require the RF retuning during the initial access. Given the maximum RedCap UE bandwidth and the PRACH configurations, more than M=2 is not required. For example, gNB configures M=2 initial UL BWPs for RedCap UEs spanning 40(20+20) MHz in total to which the 8 FDM ROs belong. If the RO associated with best SSB belong to the first/second initial UL BWP, then the first/second initial UL BWP becomes the initial UL BWP for the RedCap UEs to use for the rest of the initial access procedure.
One example of Option 3 is to apply restrictions on the RO configurations for the RedCap UEs. In this case, RedCap UEs are not expected to be configured with 8-FDMed ROs exceeding the UE bandwidth and it is up to gNB to guarantee it. If ROs with this frequency domain restriction are deemed insufficient, then the PRACH configuration index with more occasions in time domain can be selected. For another instance of Option 3, gNB configures the number N of SSB indexes associated with one RO to be larger than one. Then, according to the existing mapping rule between ROs and SSBs (as specified in clause 8.1 of TS38.213), all the 8 SSBs in FR1 can be mapped to 4 or fewer ROs within the initial UL BWP of RedCap UEs. Thus, the RedCap UEs can transmit PRACH toward the direction of the best SSB within the maximum RedCap UE bandwidth. 

Proposal 4: When the initial UL BWP for RedCap UEs is the same as the initial UL BWP for non-RedCap UEs, the same PRACH configurations (e.g., ROs) for non-RedCap UEs can be applied to RedCap UEs.

Proposal 5: When the initial UL BWP for RedCap UEs is different from that of non-RedCap UEs, dedicated PRACH configurations (e.g., ROs) for RedCap UEs can be supported.

Proposal 6: When the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth, Option 2 with dedicated PRACH configurations (e.g., ROs) for RedCap UEs can be supported.

2.4. [bookmark: _Ref68630189]PUSCH/PUCCH transmissions during initial access
As another aspect related to the reduced maximum UE bandwidth of RedCap, a potential issue related to the frequency hopping for Msg3 PUSCH and PUCCH for Msg4 HARQ feedback during initial access procedure has been discussed in RAN1#104-e meeting. As a result, the following agreement was made.
	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



Regarding whether 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, it depends on whether the restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH can always be applied to the network. Considering the operators that are using or planning to use the entire carrier bandwidth as a single DL/UL BWP with BWP#0 configuration Option 2, it seems unavoidable to configure the initial UL BWP for RedCap UEs smaller than that of non-RedCap UEs unless they see no problem changing the network configuration and are willing to do it for introduction of RedCap UEs in their networks. The solution that requires minimum changes to their existing network configuration would help accelerating the time to market of the RedCap service.

Observation 1: When the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth, 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 is beneficial in terms of the faster time to market of RedCap services.

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 when the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth, a separate UL BWP for initial access of RedCap UEs can be configured (Option 2). The separate initial UL BWP is no wider than the maximum UE RedCap bandwidth and can be configured to minimize the impact on the non-RedCap UEs, e.g., in terms of resource fragmentation. 

Proposal 7: When the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth, separate initial UL BWP(s) for RedCap (Option 2) is supported 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.

Separating initial UL BWP of the RedCap UEs from that of non-RedCap UEs may be a cleaner solution when the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth. However, as it may not be always possible to do so, we still need some solutions to harmonize the RedCap UEs accessing an NR cell with the non-RedCap UEs with larger initial UL BWP. When the separate initial UL BWP for RedCap UEs occupies part of the initial UL BWP for non-RedCap UEs and the RedCap UEs and the non-RedCap UEs do the frequency hopping independently based on their individual initial UL BWPs, there is surely a negative impact on the resource utilization efficiency of the non-RedCap UEs mainly due to the resource fragmentation. To minimize the impact on the non-RedCap UEs, as part of Option 3, turning off the frequency hopping for RedCap UEs can be considered. Turning off the frequency hopping can be implemented by a separate configuration/indication or a different interpretation of the same configuration/indication for RedCap UEs (e.g., assuming frequency hopping is OFF regardless of the value of the frequency hopping flag if that indication is common to non-RedCap UEs). This solution is rather simple, but also requires turning off the frequency hopping for the non-RedCap UEs at the same time to get way from the resource fragmentation issue. Hence, the loss in frequency diversity should also be taken into account. 

Proposal 8: When the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth, 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 3) is supported 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.

The solution that requires RF retuning (Option 1) can also be considered. It basically rely on fast UE RF frequency retuning but should be clarified that whether the fast frequency retuning capability is a reasonable assumption for (all) the RedCap UEs. Furthermore, we see some issues when the RedCap UEs have to perform frequency hopping between two hops within a slot. 

3. Conclusion
In this contribution, we presented our views on the aspects related to the reduced maximum UE bandwidth of RedCap.

Proposal 1: The SIB1-configured initial DL BWP for RedCap UEs can be configured to be different from the SIB1-configured initial DL BWP for non-RedCap UEs.
Proposal 2: An additional CORESET#0 for RedCap UEs can be configured to support the SIB1-configured initial DL BWP for RedCap UEs different from the SIB1-configured initial DL BWP for non-RedCap UEs.
Proposal 3: The SIB1-configured initial UL BWP for RedCap UEs can be configured to be different from the SIB1-configured initial UL BWP for non-RedCap UEs.
Proposal 4: When the initial UL BWP for RedCap UEs is the same as the initial UL BWP for non-RedCap UEs, the same PRACH configurations (e.g., ROs) for non-RedCap UEs can be applied to RedCap UEs.
Proposal 5: When the initial UL BWP for RedCap UEs is different from that of non-RedCap UEs, dedicated PRACH configurations (e.g., ROs) for RedCap UEs can be supported.
Proposal 6: When the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth, Option 2 with dedicated PRACH configurations (e.g., ROs) for RedCap UEs can be supported.
Observation 1: When the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth, 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 is beneficial in terms of the faster time to market of RedCap services.
Proposal 7: When the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth, separate initial UL BWP(s) for RedCap (Option 2) is supported 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.
Proposal 8: When the bandwidth of initial UL BWP of non-RedCap UEs is wider than the maximum RedCap UE bandwidth, 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 3) is supported 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.
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