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[bookmark: _Ref521334010]Introduction
In Rel-17, NR supports a special type of NR devices with reduced capability, namely RedCap UE. Typically, 20 MHz and 100 MHz are supported as the maximum bandwidth in FR1 and FR2, respectively. Besides, other capabilities are also introduced to further reduce the UE complexity, e.g. reduced number of Rx branches, reduced DL MIMO layers, and Type A HD-FDD operation, etc. The latest WID can be found in [1].
During RAN1#108-e meeting, plenty of agreements were reached for Rel-17 RedCap UE [2]. So far, it is declared that all fundamental L1 designs for RedCap UE are completed. But to make L1 design as perfect as possible, several open issues are better to be addressed. In this contribution, we provide our views on these open issues.

Discussion
When legacy initial DL BWP is larger than the maximum RedCap UE bandwidth
In RAN1#108-e, it was discussed how to handle the case when legacy initial DL BWP is larger than the maximum RedCap UE bandwidth [3]. In this case, legacy initial DL BWP is only applicable to non-RedCap UE, which cannot be shared with RedCap UE. After exhaustive discussion, companies focused on two alternatives as follows:
· Alt 1: A separate initial DL BWP is always configured for RedCap UE.
· Alt 2: A separate initial DL BWP may or may not be configured for RedCap UE. If configuration of separate initial DL BWP is absent, the RedCap UE continues to use at least the location, bandwidth, SCS, and cyclic prefix of the MIB-configured CORESET#0.
Note that, Alt 1 is aligned with the UL case. It has been agreed that if legacy initial UL BWP is larger than the maximum RedCap UE bandwidth, a separate initial UL BWP will be configured. Comparing Alt 1 and Alt 2, obviously Alt 2 is the super set of Alt 1. Thus from view of flexibility, Alt 2 is beneficial in reducing the SIB1 payload, at least for the case when the center frequencies of CORESET#0 and (separate) initial UL BWP are already aligned.
A compromised proposal was also discussed, but the group did not reach consensus due to the limited time [3]:
	High Priority Proposal 2-1-2c: 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, 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).


Generally, we are supportive to the compromised proposal, especially for the statement ‘necessity and feasibility of signaling optimization are up to RAN2’. RAN2 has its own consideration on the configuration and signaling of RRC IEs, as can be recognized in the following agreement made in RAN2#117-e [4].
	16. For RedCap-specific BWP, both common and dedicated configurations are provided using full configuration, i.e., delta configuration is not supported.


Therefore, even though Alt 2 shows better flexibility than Alt 1 from RAN1’s view, it may have the risk of violating RAN2’s understanding/principle in RRC IE signaling/configuration. Hence, we support the compromised proposal. Whether ‘continue to use CORESET#0 as the separate initial DL BWP’ is suitable or not can be up to RAN2.
Proposal 1: 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, 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).

Operation in separate initial DL BWP in connected mode with BWP#0 configuration option 1.
Regarding RedCap UE behavior in separate initial DL BWP in connected mode with BWP#0 configuration option 1, two options were also proposed:
Option 1: RedCap UE in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB (and the entire CORESET#0, for FR1), including RACH procedure.
	· For FR1, for BWP#0 configuration option 1,
· A RedCap UE in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· For FR2, for BWP#0 configuration option 1,
· A RedCap UE in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.


Option 2: Whether or not RedCap UE in connected mode can operate in separate initial DL BWP, depends on its optional capability (FG 6-1a) and whether the operation is RACH procedure. 
	· For FR1, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For FR2, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For BWP#0 configuration option 1, upon successful completion of the random access procedure, a RedCap UE supporting FG 6-1 only (but not FG 6-1a) in connected mode is not required operate to receive any DL signals except for RACH-related messages and RRC-based BWP switch signal on a separate initial DL BWP that does not contain SSB other than during connected-mode random access procedure.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.


We need to be very careful when we decide to adopt Option 1, Option 2 or their variant(s):
· For Option 1, it looks simple and covers all kinds of RedCap UEs (i.e. w/ or w/o supporting FG 6-1a). However, it is against two basic common understandings in RAN1: (1) For operations other than RACH, whether SSB is needed depends on the UE capability of supporting FG 6-1a, and (2) RACH procedure does not rely on SSB, regardless of UE capability of supporting FG 6-1a. It is unreasonable to adopt Option 1 directly.
· To simplify the situation, one possible way is to only allow operation in separate initial DL BWP (without CD-SSB) for RedCap UEs supporting FG 6-1a. But this is not the optimal solution.
· For Option 2, it divides the operation based on different assumptions, which strictly follows the two basic common understandings above. The main concern on Option 2 from some UE vendors is that it is still unclear how long will the RedCap UE (supports FG 6-1 only) stay in a separate initial DL BWP without any SSB, after RACH procedure is completed, by just staying ‘upon successful completion of the random access procedure’. In our view, there is no difference between RACH in connected mode and RACH in idle mode. Since the case in idle mode has already been agreed, we can try to restrict that, after RACH procedure in connected mode, the RedCap UE (supports FG 6-1 only) does not expect to operate longer than that of after RACH procedure in idle/inactive mode in the separate initial DL BWP (if it does not contain CD-SSB).
In summary, we have the following proposal:
Proposal 2: Down-select from the following options:
· Option 1a:
· For FR1, for BWP#0 configuration option 1,
· A RedCap UE supporting FG 6-1 only (but not FG 6-1a) in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· For FR2, for BWP#0 configuration option 1,
· A RedCap UE supporting FG 6-1 only (but not FG 6-1a) in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB.
· Option 2a:
· For FR1, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For FR2, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For BWP#0 configuration option 1, upon successful completion of the random access procedure, a RedCap UE supporting FG 6-1 only (but not FG 6-1a) in connected mode is not required operate on a separate initial DL BWP that does not contain SSB. After RACH procedure in connected mode, a RedCap UE supporting FG 6-1 only (but not FG 6-1a) does not expect to operate longer than that in idle/inactive mode in the separate initial DL BWP if it does not contain SSB.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.

Collision handling between SSB and Msg3/PUCCH of Msg4
In RAN1#108-e, the following WA was made [2]:
	Working assumption:
· For Case 5 of SSB overlapping with Msg3 (re)transmission or PUCCH for Msg4/MsgB, reuse the same handling as for other dynamically scheduled UL transmission and prioritize the SSB
· Note: Whether the above collision rule is reused for Msg3 PUSCH repetition is up to the agreement in the CE WI


During the discussion, it was realized that prioritizing SSB may have some issue in network complexity and inconsistent spec impact on available slot transmission procedure. At the same time, prioritizing SSB still gains strong support from the majority, to make a unified solution for collision between SSB and any UL channels. Anyway, the system will not break and several implementation-based methods can alleviate the negative impact of prioritizing SSB than Msg3. 
Now it is already the maintenance phase. We suggest confirming the WA rather than reopening the discussion, since different views have already been sufficiently exchanged, and the position is unlikely to change.
Proposal 3: Confirm the following WA from RAN1#108-e:
· For Case 5 of SSB overlapping with Msg3 (re)transmission or PUCCH for Msg4/MsgB, reuse the same handling as for other dynamically scheduled UL transmission and prioritize the SSB
· Note: Whether the above collision rule is reused for Msg3 PUSCH repetition is up to the agreement in the CE WI.

Conclusion
In this contribution, we discussed remaining open issues for Rel-17 RedCap. The proposals are summarized as follows:
Proposal 1: 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, 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).
Proposal 2: Down-select from the following options:
· Option 1a:
· For FR1, for BWP#0 configuration option 1,
· A RedCap UE supporting FG 6-1 only (but not FG 6-1a) in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB and the entire CORESET#0.
· For FR2, for BWP#0 configuration option 1,
· A RedCap UE supporting FG 6-1 only (but not FG 6-1a) in connected mode does not expect to operate in a separate initial DL BWP that does not include CD-SSB.
· Option 2a:
· For FR1, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For FR2, for BWP#0 configuration option 1,
· For a separate initial DL BWP (if it does not include CD-SSB) from RAN1 perspective,
· During a random access procedure in connected mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· For BWP#0 configuration option 1, upon successful completion of the random access procedure, a RedCap UE supporting FG 6-1 only (but not FG 6-1a) in connected mode is not required operate on a separate initial DL BWP that does not contain SSB. After RACH procedure in connected mode, a RedCap UE supporting FG 6-1 only (but not FG 6-1a) does not expect to operate longer than that in idle/inactive mode in the separate initial DL BWP if it does not contain SSB.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
Proposal 3: Confirm the following WA from RAN1#108-e:
· For Case 5 of SSB overlapping with Msg3 (re)transmission or PUCCH for Msg4/MsgB, reuse the same handling as for other dynamically scheduled UL transmission and prioritize the SSB
· Note: Whether the above collision rule is reused for Msg3 PUSCH repetition is up to the agreement in the CE WI.
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