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Introduction
In RAN1#106-e, following agreements were reached [1].
	[bookmark: _Hlk83924038]Agreement: 
Confirm the working assumption:
· 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.
· The frequency hopping is enabled/disabled at least via SIB.

Agreement:
· For a cell that allows a RedCap UE to access, network can configure a separate initial UL BWP for RedCap UEs in SIB
· It can be used both during and after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· It is always configured if the initial UL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases

Working Assumption:
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included

Agreement:
· Send an LS to RAN2 and RAN4 to ask about using NCD-SSB instead of CD-SSB for idle/inactive/connected mode procedures for serving and non-serving cells for a Rel-17 RedCap UE operating with an initial or non-initial DL BWP not containing CD-SSB.
· Draft the LS until Tuesday 19th October.
· Indicate in the LS that a response is needed before RAN1#107-e.
· Indicate in the LS both option 1 and option 2

Agreement:
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.

Agreement:
With below revision, draft R1-2110599 is endorsed in principle. LS R1-2110600 is endorsed.
1) [RAN2/4] whether it is feasible for a RedCap UE to retune to a CD-SSB rather than use an NCD-SSB of larger periodicity
2) Remove the blue part of questions
3) [RAN2/4] if neither NCD-SSB nor CD-SSB is not transmitted in the initial/non-initial DL BWP of RedCap UE, whether it is feasible to transmit periodic CSI-RS for UE to use as an alternative of SSB in the initial/non-initial BWP of RedCap UE or rely on UE performing RF retuning as in measurement gap outside active BWP for BWP without SSB nor CORESET#0 operation, for idle/inactive/connected mode

Agreement:
For FR1,
· For TDD, center frequencies are assumed to be the same for the initial DL (FFS: if it does not include CD-SSB and the entire CORESET#0) and UL BWPs used during random access for RedCap UEs.
· FFS: For Option 1 and Option 2, whether the case that the center frequencies are different is also supported, and whether RedCap UE can expect CD-SSB and CORESET#0 in this case
· For TDD, center frequencies are assumed to be the same for non-initial DL and UL BWPs with the same BWP id for a RedCap UE.




In this contribution, we discuss some remaining issues on the reduced maximum UE bandwidth features.
[bookmark: OLE_LINK1]Discussions
Initial DL BWP
[bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK37][bookmark: OLE_LINK38]
	[bookmark: _Hlk85803650]Working Assumption:
· For a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB.
· Working assumption: It can be used during initial access
· It can be used after initial access.
· It is no wider than the maximum RedCap UE bandwidth.
· FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.
· Working assumption: It applies at least after initial access for FR1 when MIB configured CORESET#0 is included



In above working assumption, one controversial part is the FFS: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth. It lies in whether to introduce an implicit determination of separate initial DL BWP during and after initial access which is different from Rel-15 initial DL BWP determination. In Rel-15, a locationandBandwidth, which is a mandatory field, is used to determine the location and bandwidth of the initial DL BWP even if the separate initial DL BWP confines the CORESET#0. 
Proposal 1: A separate initial DL BWP for RedCap UEs in SIB is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
Other than the location and bandwidth of the separate initial DL BWP, RedCap UE behaviours should be clarified regarding when other separate initial DL BWP configurations (e.g., PDCCH-configcommon, PDSCH-configcommon) would be used. That is, separate initial DL BWP configurations (e.g., PDCCH-configcommon, PDSCH-configcommon) would be used during and after initial access or only after initial access. For example, when a common search space is present in the separate initial DL BWP configuration, should the RedCap UE monitor PDCCH for the CSS during and after initial access or only after initial access. Especially for the scenario where the separate initial DL BWP does not contain the entire CORESET#0, whether the RedCap UEs in RRC_IDLE state can follow the CSS for non-RedCap UE during initial access such that the common signalling can be shared between the RedCap UEs and the non-RedCap UEs. On the other hand, when a CSS is not present in the separate initial DL BWP configuration, the RedCap UE cannot monitor PDCCH for the CSS or the RedCap UE can follow the CSS for non-RedCap UE during initial access. Therefore, according to the different scenarios/configurations, RedCap UE behaviours need to be clarified. We observed the following RedCap UE behaviours may occur under the different scenarios/configurations. Table.1 summarized the observed RedCap UE behaviours under different scenarios/configurations. 
Observation 1:
All following behaviors should be supported for a RedCap UE.
· Behavior 1: A RedCap UE monitors PDCCH for the CSS in the CORESET configured by MIB or legacy initial DL BWP configuration in the IDLE state/during initial access and does not monitor PDCCH for the CSS after initial access;
· Behavior 2: A RedCap UE monitors PDCCH for the CSS in the CORESET configured by MIB or legacy initial DL BWP configuration in the IDLE state/during initial access and after initial access;
· Behavior 3: A RedCap UE monitors PDCCH for the CSS in the CORESET configured by MIB or legacy initial DL BWP configuration in the IDLE state/during initial access and monitors PDCCH for the CSS in the CORESET configured by the separate initial DL BWP after initial access;
· Behavior 4: A RedCap UE monitors PDCCH for the CSS in the CORESET configured in the separate initial DL BWP configuration in the IDLE state/during initial access and after initial access.


Table.1: RedCap UE behaviours under different scenarios
	UE behaviors for CSS monitoring
	in IDLE state 
/ during initial access
	after initial access
	Scenarios

	Behavior 1
	CSS in the legacy initial DL BWP
	Not monitor PDCCH for the CSS
	CSS is not configured in separate initial DL BWP configuration and the separate initial DL BWP does not contain CORESET#0

	Behavior 2
	CSS in the legacy initial DL BWP
	CSS in the legacy initial DL BWP
	CSS is not configured in separate initial DL BWP configuration and the separate initial DL BWP contains CORESET#0

	Behavior 3
	CSS in the legacy initial DL BWP
	CSS in the separate initial DL BWP
	CSS is configured in separate initial DL BWP configuration

	Behavior 4
	CSS in the separate initial DL BWP
	CSS in the separate initial DL BWP
	CSS is configured in separate initial DL BWP configuration



As shown in the Table.1, the behavior 3 and the behavior 4 are under the same scenario. Therefore, an indication to classify which behavior between the behavior 3 and behavior 4 the RedCap UE should perform is necessary.
Proposal 2: For the case that CSS is configured in a separate initial DL BWP configuration, an indication of whether a CSS configuration is used both during and after initial access or only after initial access is needed.
Another discussion point in last RAN1 e-meeting is related to whether the RedCap UEs can use separate initial DL BWP wider than CORESET#0 during initial access if the separate initial DL BWP contains the entire CORESET#0.
	For FR1, 
· If a separate SIB-configured initial DL BWP for RedCap UEs is configured,
· It contains at least one CORESET and at least one CSS.
· It can be used both during and after initial access.
· FFS: However, if it contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.



However, considering observed UE behaviors above, from UE’s perspective, there seems more important to consider whether the separate initial DL BWP configures CSS monitoring during initial access or not rather than focusing on the condition whether the separate initial BWP contains the CORESET#0 or not. The limitation of “it contains the entire CORESET#0” is not necessary. In other words, whether the RedCap UE is configured with CSS in the separate initial DL BWP for PDCCH monitoring during initial access should be taken into consideration. If separate initial DL BWP does not configure CSS, i.e., the RedCap UE follows the CSS for non-RedCap UE during initial access, then the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
Proposal 3:
For FR1,
· If a separate SIB-configured initial DL BWP for RedCap UEs is configured,
· It contains at least one CORESET and at least one CSS.
· It can be used both during and after initial access.
· However, if separate SIB-configured initial DL BWP does not configure CSS for PDCCH monitoring during initial access, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
PUCCH frequency hopping disabling
	Agreement:
· FFS: What specification changes (if any) are needed to support that the network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap
· FFS: Whether any specification changes are needed and desired in order to support multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources.



To support PUCCH frequency hopping disabling within the separate initial UL BWP in the PUCCH resource for HARQ feedback for Msg4/MsgB for RedCap, some aspects as follow are observed to require spec changes as (1) UE use a PRB of which side of the sperate initial UL BWP to transmit the PUCCH, (2) the current equations in specification need to be modified to adapt to PUCCH frequency hopping disabling.
(1) A PRB of which side of the sperate initial UL BWP should be used by the UE to transmit the PUCCH.
To avoid PUSCH fragmentation on the initial UL BWP for non-RedCap UEs, the separate initial UL BWP are located at the edges of the carrier and the PUCCH frequency hopping can be disabled on the separate initial UL BWP. Furthermore, the PUCCH resource should be located at one side of the separate initial UL BWP. Which side of the separate initial UL BWP is used as PUCCH resource would impact the PRB index determination of the PUCCH resource for PUCCH transmission. As depicted in the Figure.1, it is desirable to put the PUCCH resource in the top side of the separate initial UL BWP in case (A), ant to put the PUCCH resource in the bottom side of the separate initial UL BWP in case (B). Therefore, a RedCap UE should be aware of which side of separate initial UL BWP is used as PUCCH resources for transmission. A straightforward way is to introduce an indication to indicate which side of the separate initial UL BWP is used as PUCCH resource such that RedCap UEs can use appropriate equation in specification to calculate the PRB index of a PUCCH resource for transmission.   



Figure.1 Separate initial UL BWP(s) located in edge(s) of carrier 
Proposal 4: The indication to indicate which side of separate initial UL BWP is used as PUCCH resource is introduced in separate initial UL BWP configuration when PUCCH frequency hopping is disabled.
(2) the current equations in specification need to be modified to adapt to PUCCH frequency hopping disabling.
The current equations in TS38.213 [2] to determine the PRB index of the PUCCH transmission are captured as below.
	TS 38.213 9.2.1	PUCCH Resource Sets
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]


According to the above equations, PUCCH resources are divided into two parts to use different equations depending on the index rPUCCH of the PUCCH resource. However, when the PUCCH frequency hopping is disabled, the current determination of PRB index of PUCCH resource is not suitable. Furthermore, there is not necessary to separate the PUCCH resource into two parts according to the index rPUCCH. A same equation is applied to PRB index determination of PUCCH resource regardless of whether the index rPUCCH is larger than 7 or not. 
Proposal 5: When PUCCH frequency hopping is disabled in the separate initial UL BWP, the PRB index of the PUCCH transmission is determined as below
·  when PUCCH resources locate at the bottom side of the separate initial UL BWP 
·  when PUCCH resources locate at the top side of the separate initial UL BWP. 
Multiplexing of non-FH and FH PUCCH transmissions
Another issue related to PUCCH frequency hopping is whether to allow multiplexing of non-FH and FH PUCCH transmission in same PUCCH resources. In our view, multiplexing of non-FH and FH PUCCH transmission in same PUCCH resources would affect the capacity of PUCCH resources for non-RedCap UE. It should be noted that one non-FH PUCCH resource for a RedCap UE actually would consume two FH PUCCH resources for non-RedCap UEs. It is not desirable to affect the PUCCH capacity of the non-RedCap UEs.
On the other hand, the base station can easily configure two PUCCH resource configurations with different PRB offset to avoid PUCCH resources overlapping. Moreover, even if same PUCCH resource configuration is configured, the base station still can configure different starting PRB of initial UL BWP and separate initial UL BWP according to respective locationAndBandwidth to avoid the PUCCH resources overlapping. Therefore, specification impact is minimized. 
Proposal 6: Separate PUCCH resources for RedCap UEs from the PUCCH resource for non-RedCap UEs are used.
Conclusion
In this contribution, we have the following observations and proposals:
Observation 1:
All following behaviors should be supported for a RedCap UE.
· Behavior 1: A RedCap UE monitors PDCCH for the CSS in the CORESET configured by MIB or legacy initial DL BWP configuration in the IDLE state/during initial access and does not monitor PDCCH for the CSS after initial access;
· Behavior 2: A RedCap UE monitors PDCCH for the CSS in the CORESET configured by MIB or legacy initial DL BWP configuration in the IDLE state/during initial access and after initial access;
· Behavior 3: A RedCap UE monitors PDCCH for the CSS in the CORESET configured by MIB or legacy initial DL BWP configuration in the IDLE state/during initial access and monitors PDCCH for the CSS in the CORESET configured by the separate initial DL BWP after initial access;
· Behavior 4: A RedCap UE monitors PDCCH for the CSS in the CORESET configured in the separate initial DL BWP configuration in the IDLE state/during initial access and after initial access.
Proposal 1: It is always configured if the initial DL BWP for non-RedCap UEs is wider than the maximum RedCap UE bandwidth.
Proposal 2: For the case that CSS is configured in a separate initial DL BWP configuration, an indication of whether a CSS configuration is used both during and after initial access or only after initial access is needed.
Proposal 3:
For FR1,
· If a separate SIB-configured initial DL BWP for RedCap UEs is configured,
· It contains at least one CORESET and at least one CSS.
· It can be used both during and after initial access.
· However, if separate SIB-configured initial DL BWP does not configure CSS for PDCCH monitoring during initial access, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
Proposal 4: The indication to indicate which side of separate initial UL BWP is used as PUCCH resource is introduced in separate initial UL BWP configuration when PUCCH frequency hopping is disabled.
Proposal 5: When PUCCH frequency hopping is disabled in the separate initial UL BWP, the PRB index of the PUCCH transmission is determined as below
·  when PUCCH resources locate at the bottom side of the separate initial UL BWP 
·  when PUCCH resources locate at the top side of the separate initial UL BWP.
Proposal 6: Separate PUCCH resources for RedCap UEs from the PUCCH resource for non-RedCap UEs are used.
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