
[bookmark: _GoBack]3GPP TSG-RAN WG1 #106bis-e	R1-2110314
11th – 19th October 2021
e-Meeting

Source:                    	DENSO CORPORATION
Title:  	Reduced maximum UE bandwidth for RedCap
Document for:        	Discussion and decision
Agenda Item:         	8.6.1.1	-	Aspects related to reduced maximum UE bandwidth
1. Introduction
At RAN1 #106-e, the operation of the separate initial DL/UL BWP and the active BWP for RedCap UEs was extensively discussed. The following proposal was made , but not agreed in the last meeting.

	High Priority Proposal 2.2-6o:
1. Regarding random access in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
a. If a separate initial DL BWP for RedCap UEs is configured in FR1, is configured for random access, including CORESET/CSS for random access.
b. If the separate initial DL BWP is only configured for random access but not for paging, then the UE will not shall not expect SSB transmission in the separate initial DL BWP.
i. Note: The network may or may not configure SSB in this case.
2. Regarding paging in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
a. From RAN1 perspective, if a separate initial DL BWP for RedCap UEs is configured in FR1, it can be configured for paging, including CORESET/CSS for paging.
b. FFS: If the separate initial DL BWP is configured for paging, then the UE [expects may expect / will not expect shall not expect] SSB transmission in the separate initial DL BWP.
i. FFS: Note: The network may or may not configure SSB in this case.
3. Regarding CORESET#0 and SIB1 in idle/inactive/connected mode for RedCap UEs in FR1,
a. If a separate initial DL BWP for RedCap UEs is configured in FR1, then the UE will not shall not expect it to contain MIB-configured CORESET#0 or SIB1.
i. Note: The network may or may not configure MIB-configured CORESET#0 or SIB1 to be within the separate initial DL BWP.
b. If an RRC-configured DL BWP is configured in FR1, then the UE will not shall not expect it to contain MIB-configured CORESET#0 or SIB1.
i. Note: The network may or may not configure MIB-configured CORESET#0 or SIB1 to be within the RRC-configured DL BWP.
c. In connected mode, the UE is not required to monitor CORESET#0 periodically for SI updates.
i. FFS: How SI update notifications are indicated to RedCap UEs
4. Regarding connected mode in an RRC-configured active DL BWP for a RedCap UE in FR1,
a. Whether the UE can expect SSB transmission in the RRC-configured active DL BWP depends on its UE capabilities (e.g., whether it supports FG 6-1a or only FG 6-1).
i. A UE not supporting operation without SSB transmission in the RRC-configured active DL BWP may expect SSB transmission in the RRC-configured active DL BWP.
· This corresponds to mandatory RedCap UE feature.
ii. A UE optionally supporting operation without SSB transmission in the RRC-configured active DL BWP will not shall not expect SSB transmission in the RRC-configured active DL BWP.
· This corresponds to optional RedCap UE feature.
b. FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode
Note: According to 38.331 Annex B.2, BWP#0 is considered to be an RRC-configured BWP in BWP#0 configuration option 2 but not in BWP#0 configuration option 1.



This paper discusses the key issues to be ironed out for the BWP operations.
2. Discussion
When a separate UL BWP is configured for RedCap UEs, e.g. due to narrower Max. bandwidth than non-RedCap UEs, the current agreements so far enable the network to locate the separate UL BWP at the edge of the carrier and disable PUCCH frequency hopping to avoid the fragmentation of PUSCH for non-RedCap UEs. In case of TDD, a separate DL BWP needs to be located at the same location as for a separate UL BWP, so that the centre frequency of the DL BWP is aligned with the UL BWP. In this case, Cell-Defining SSB (CD-SSB) may not be confined within the separate DL BWP. The question in issue is whether an additional SSB is transmitted in the separate DL BWP. It somehow hinges on whether RedCap UEs are mandated to support FG 6-1a (i.e. BWP operation without restriction on BW of BWP(s)). 
1.	If SSB is always transmitted in the separate DL BWP, RedCap UEs do not have to support FG 6-1a. Namely, it is enough to support FG 6-1 (Basic BWP operation with restriction).
2.	If SSB is not always transmitted in the separate DL BWP, RedCap UEs have to support FG 6-1a, so that the RedCap UE can access the separate DL BWP with or without SSB.
For the key driver of RedCap WI, it is desirable to reduce UE complexity by not mandating to support FG 6-1a, albeit the network has to transmit SSB in the separate DL BWP. It would be cumbersome from the network viewpoint, if paging messages have to be transmitted in two initial DL BWPs; one is for RedCap UEs, and the other is the non-RedCap UEs. Nonetheless, the network can choose not to deliver paging messages in the separate initial DL BWP by not configuring the search space for paging in the separate initial DL BWP. If paging messages are not transmitted in the separate initial DL BWP, the broadcast overhead of SSB would not be considerable, especially if it is transmitted with longer periodicity (e.g. 160 ms). Therefore, the followings are proposed.
Proposal 1:	FG 6-1a (BWP operation without restriction on BW of BWP(s)) is optional for RedCap UEs.
Proposal 2:	If the separate initial DL BWP is configured for RedCap UEs, the RedCap UE expects that SSB 			is transmitted in the separate initial DL BWP, no matter if random access and/or paging is 				configured.
For an active DL BWP configured for RedCap UEs in the connected mode, SSB transmission is based on the UE support of FG 6-1a, as discussed in the last meeting. RedCap UEs capable of FG 6-1a (as well as FG 6-1) can work in the active DL BWP without SSB. In contrast, RedCap UEs capable of FG 6-1 only can work in the active DL BWP with SSB. Hence, the following is proposed.
Proposal 3:	It is up to UE capabilities (i.e. supporting both 6-1a and 6-1, or 6-1 only) whether RedCap UEs 			can expect SSB transmission in the RRC-configured active DL BWP.
With regards to the following FFS,
	a. In connected mode, the UE is not required to monitor CORESET#0 periodically for SI updates.
i. FFS: How SI update notifications are indicated to RedCap UEs



The existing mechanism of dedicated SI delivery can be used for RedCap UEs, when SI is updated. Given that SI update is not so frequent typically and the number of RedCap UEs is not so large in the initial deployment phase, the existing dedicated signalling mechanism would not result in significant overhead. Additional mechanisms could be discussed in later releases, if the existing mechanism turns out to be problematic. The following is proposed.
Proposal 4:	Dedicated SI delivery is used for RedCap UEs to convey updated SIBs.
3. Summary and proposal
This paper discussed the key open issues on BWP operations for RedCap UEs. In summary, the followings were proposed.
Proposal 1:	FG 6-1a (BWP operation without restriction on BW of BWP(s)) is optional for RedCap UEs.
Proposal 2:	If the separate initial DL BWP is configured for RedCap UEs, the RedCap UE expects that SSB 			is transmitted in the separate initial DL BWP, no matter if random access and/or paging is 				configured.
Proposal 3:	It is up to UE capabilities (i.e. supporting both 6-1a and 6-1, or 6-1 only) whether RedCap UEs 			can expect SSB transmission in the RRC-configured active DL BWP.
Proposal 4:	Dedicated SI delivery is used for RedCap UEs to convey updated SIBs.
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Annex A: Agreements at RAN1 #106-e
Agreement 
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).
 
Agreement
 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.
 
Agreement
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
· Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.
  
Agreement
· 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.
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