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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The bulk of the RAN1 work for the 3GPP Rel-17 work item for reduced capability (RedCap) devices [1] was completed in RAN1#107. While several issues were resolved in RAN1#108, some items were remaining. The following items were listed in the initial status report to RAN#95 [4].
· Clarification of UE behavior when separate initial DL BWP is not configured
· Presence of SSB transmission in separate initial DL BWP in connected mode for BWP#0 configuration option 1
· Collision handling between SSB and Msg3 or PUCCH in response to Msg4/MsgB for HD-FDD UE
Although the revised status report [5] removed these items, there are some maintenance aspects to be resolved in the meeting, including several incoming LS. The contribution provides some views and proposals on these aspects.
Discussion
Clarification of UE behavior when separate initial DL BWP is not configured
In RAN1#108, there was significant discussion on this item. In our contribution [2], we described the complexity for determining the initial DL BWP. Based on past agreements, there are several types of initial DL BWP that a RedCap UE can use.
· MIB-configured
· SIB-configured if the size of the SIB-configured DL BWP is not larger than the max RedCap UE BW
· Separate initial DL BWP
· Contains CORESET#0 (and CD-SSB with multiplexing pattern 1)
· Contains CD-SSB but not CORESET#0
· Contains neither CD-SSB nor CORESET#0
During the discussions in RAN1#108, the following proposal had significant support.
	[bookmark: _Hlk97041726]High Priority Proposal 2-1-2b: For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth, down select between the following options:
· Option 1: A separate initial DL BWP is always configured for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned (in accordance with earlier agreement).
· Option 2a: If a separate initial DL BWP is not configured for RedCap, the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, the total frequency span of MIB-configured CORESET#0 and the initial UL BWP does not exceed the RedCap UE maximum bandwidth.
· Option 2b: If a separate initial DL BWP is not configured for RedCap, the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
· For TDD, the center frequencies of the MIB-configured CORESET#0 and the initial UL BWP are aligned.



There were three main options in this proposal. With option 1, the network always provides the configuration of a separate initial DL BWP if the size of the SIB-configured DL BWP is larger the maximum RedCap UE BW. With option 2a, when the total frequency span of the MIB-configured CORESET#0 and the initial UL BWP does not exceed the maximum RedCap UE BW, the UE uses the MIB-configured CORESET#0 for its initial DL BWP. With option 2b, when the center frequencies of initial UL BWP and MIB-configured CORESET#0 are aligned, the UE uses the MIB-configured CORESET#0 for its initial DL BWP. Many technical perspectives were provided by proponents and opponents of each option. Several companies mentioned that option 2b is a special case of option 2a.
At the end of meeting, the last proposal was not discussed in GTW due to the lack of time.
	High Priority Proposal 2-1-2d: For the case that the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth,
· A separate initial DL BWP is always configured for RedCap if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· From RAN1 perspective, if generic parameters (location, bandwidth, SCS, and cyclic prefix) of this separate initial DL BWP are not configured absent and the separate initial downlink BWP contains the entire CORESET#0, RedCap UE can continue to use the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0. Necessity and feasibility of signaling optimizations are up to RAN2. 
· Note: For TDD, the center frequencies of the separate initial DL BWP and the initial UL BWP are aligned (in accordance with earlier agreement).



This proposal combines options 1 and 2b, requiring a separate initial BWP to be configured in this case but allowing CORESET#0 to be used if some parameters are absent.
During the discussions in RAN1#108, there were some views that an absence of agreement on this issue implies option 1 is accepted – that the network must always provide separate initial DL BWP configuration when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. However, there is no default operation in the specification for this situation. A decision must be made after considering UE operation, network signaling/overhead, and specification impact. 
Proposal 1: An agreement is needed to specify UE behavior and network signal when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
When considering proposal 2-1-2d, it is unclear if an agreement is necessary for FDD because there is no need for center frequency alignment. Unless the network elects to provide a separate initial DL BWP, the UE can use the MIB-configured CORESET#0.
Observation 1: it is unclear whether proposal 2-1-2d is necessary for FDD.
For TDD, there are several situations to consider when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth: if the centers of the MIB-configured initial DL BWP and the (separate) initial UL BWP are (1) aligned; (2) in proximity of each other; (3) not in proximity of each other. From the option 2a description, proximity is defined as “the total frequency span of MIB-configured CORESET#0 and the initial UL BWP does not exceed the RedCap UE maximum bandwidth”.
If the centers are aligned, the MIB-configured initial DL BWP can be used for initial access. This is option 2b.
If the centers are in proximity of each other, can the UE use the span limitation for TDD alignment? The following three examples with possible initial UL and DL BWP sizes and locations for option 2a are shown in Fig. 1. In (a), the BWPs do not overlap; in (b) the BWPs overlap; and (c) there is partial overlap.
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[bookmark: _Ref101174979]Fig. 1. Possible BWP locations and sizes for option 2a.
For (3), if the centers are not in proximity of each other, a separate initial DL BWP is needed for initial access. Before initial access, the UE uses the MIB-configured DL BWP. 
Observation 2: Regardless of options 1 and 2b, the MIB-configured initial DL BWP is used before initial access.
The discussion point is whether a separate initial BWP is provided when the center frequencies of CORESET#0 and separate initial UL BWP are not aligned. In looking at Fig. 1(a) and (c), it is not possible for a separate initial DL BWP containing CORESET#0 to be center frequency aligned to the (separate) initial UL BWP. For this example, a separate initial DL BWP that does not include the entire CORESET#0 would need to be configured. In Fig. 1(b), it is possible for a separate initial DL BWP containing CORESET#0 to be center frequency aligned to the (separate) initial UL BWP. Depending on the sizes and locations of the (separate) initial DL BWP and CORESET#0, a separate initial DL BWP may or may not contain CORESET#0.
Since the span of the (separate) initial UL BWP and CORESET#0 is no greater than the maximum RedCap UE BW, there is one carrier that contains both BWPs. Although the center of the carrier does not change whether the UE is receiving or transmitting, this center may be different than the center of the separate initial UL BWP and CORESET#0. It is possible to compute this center frequency based on the sizes of the BWPs and their starting locations. 
The main question is whether a TDD implementation for RedCap devices can support a carrier with bandwidth no greater than the maximum RedCap UE BW and having different center frequencies for the initial UL and DL BWPs but the same center of the carrier. From one point of view, there are similarities between RedCap and non-RedCap UEs with regards to the CORESET#0, initial DL BWP, and the carrier bandwidth. Once a non-RedCap UE receives the initial UL BWP and SIB-configured DL BWP, the non-RedCap UE knows the carrier bandwidth as the larger of initial UL BWP and SIB-configured DL BWP and the center (center of either initial UL BWP or SIB-configured DL BWP). Further, even though the carrier is larger than the size of CORESET#0, a legacy UE operates in CORESET#0 before and during initial access even though CORESET#0 is not always center-frequency aligned to the initial UL BWP. With a RedCap UE and option 2a, the center of the carrier is based on the span of CORESET#0 and the (separate) initial UL BWP. The carrier bandwidth is the span. CORESET#0 is not always center-frequency aligned to the (separate) initial UL BWP. Unlike non-RedCap UEs, there are no explicit BWPs that are aligned in center frequency.
If the answer to this question is yes, then it is not necessary to configure a separate initial DL BWP. If the answer is no, a configured separate initial DL BWP may contain CORESET#0 in its entirety. If CORESET#0 is contained within the separate initial DL BWP, then no additional CORESET configuration is necessary.
Observation 3: Option 2a does not define fundamentally different operations compared to legacy operation when CORESET#0 is not located at the center of the SIB-configured initial DL BWP before and during initial access.
Incoming LS
LS on FR2 RedCap UE
Based on our understanding, the LS [6] is asking RAN2 about capability signaling for the number of Rx branches and number of MIMO. Although RAN1 is copied, no RAN1 response is needed, in our view. Our RAN2 contribution [7] provides some views on the LS.
LS on UE capabilities for RedCap from RRM perspective
The LS [8] is informing RAN2 about UE capabilities from a RRM perspective. In our understanding, the LS conveys similar views about RedCap capabilities from a RAN1 perspective. Although RAN1 is copied, no RAN1 response is needed.
LS on offset to transmit CD-SSB and NCD-SSB at different times
The LS [9] is informing that is it possible for a gNB from a signaling perspective to transmit CD-SSB and NCD-SSB at different times. This LS is related to the discussions in [3] (FL10 High Priority Proposal 4-1-2).
	FL10 High Priority Proposal 4-1-2:
· A RedCap UE is not required to perform measurements on more than one SSB at a time in a same BWP.
· A RedCap UE mandatorily supports configurable time offsets (including zero) between CD-SSB and NCD-SSB.



During the discussions in [3], it was noted that “RAN2 is also expected to discuss configurable time offset between CD-SSB and NCD-SSB in this meeting”. 
Given the LS, the question is whether the second bullet should be listed as a component of FG 28-1. If signaling is already provided, there is no need to update FG28-1 as the other FG can be set to 1 for all RedCap UEs to make it part of the "basic feature" though not in 28-1.


[bookmark: _Ref129681832]Conclusion
The contribution examined remaining aspects when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
Proposal 1: An agreement is needed to specify UE behavior and network signal when the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
Observation 1: it is unclear whether proposal 2-1-2d is necessary for FDD.
Observation 2: Regardless of options 1 and 2b, the MIB-configured initial DL BWP is used before initial access.
Observation 3: Option 2a does not define fundamentally different operations compared to legacy operation when CORESET#0 is not located at the center of the SIB-configured initial DL BWP before and during initial access.
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