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1 Introduction
 During the RAN1 #107e meeting, the aspects related UE bandwidth reduction were discussed. The discussed issues include the initial UL BWP configuration, initial DL BWP configuration during and after initial access. 

In this contribution, we will continue discussing the remaining issues based on the progress achieved by previous meetings and share our views. 
2 Discussion
2.1 Remaining issues for initial DL BWP
During RAN1#107-e meeting, it was agreed separate initial DL BWP can be configured and the detailed progress is listed as follow. 
	Agreement: 
· For both FR1 and FR2, for a cell that allows a RedCap UE to access, network can configure a separate initial DL BWP for RedCap UEs in SIB. At least the case when the separate initial DL BWP includes CD-SSB and the entire CORESET#0 is supported

· It can be used in idle/inactive mode (including paging) and during and after initial access, when applicable

· It is no wider than the maximum RedCap UE bandwidth.

· This applies to both TDD and FDD (including FD FDD and HD FDD) cases.

Agreement: 
· For FR1,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB
Agreement: 
· For FR2,
· For a separate initial DL BWP (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· If it is configured for random access while not for paging in idle/inactive mode, RedCap UE does NOT expect it to contain SSB/CORESET#0/SIB.
· Note: RAN1 assumes REDCAP UE performing Random access in the separate DL BWP does not need to monitor paging in a BWP containing CORESET#0
· Working assumption: If it is configured for paging, RedCap UE expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB from RAN1 perspective
· For an RRC-configured active DL BWP in connected mode (if it does not include CD-SSB and the entire CORESET#0) from RAN1 perspective,
· A RedCap UE supporting mandatory FG 6-1 (but not optional FG 6-1a) expects it to contain NCD-SSB for serving cell but not CORESET#0/SIB
· A RedCap UE can indicate the following as optional capability:
· Not need NCD-SSB: A RedCap UE can in addition optionally support relevant operation based on for CSI-RS (working assumption) and/or FG 6-1a by reporting optional capabilities.
· Note: For SSB and CORESET#0 multiplexing pattern 1, if a separate initial/RRC configured DL BWP is configured to contain the entire CORESET#0, CD-SSB is expected by RedCap UE.
· Note: The network may choose to configure SSB or MIB-configured CORESET#0 or SIB1 to be within the respective DL BWP.
· Note: If a separate SIB-configured initial DL BWP for RedCap UEs contains the entire CORESET#0, the RedCap UE shall use the bandwidth and location of the CORESET#0 in DL during initial access.
· Note: NCD-SSB periodicity is not required to be configured the same as that of CD-SSB
· Note: Periodicity of NCD-SSB shall be not less than periodicity of CD-SSB



Remaining issue #1: Center-frequency alignment between initial DL BWP and initial UL BWP

In RAN1 106-e meeting, the following progress related to center frequency alignment was reached. The main remaining issue is whether or not to additionally support the case when the centre frequency is different. 

	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.




The discussion may involve two aspects. One aspect is the initial DL BWP is used both during initial access phase and after initial access. another aspect is that the initial DL BWP is only used for initial access. For the first aspect, since it involves the transmission in connected mode, it is not desirable to support different center frequencies between initial UL BWP and initial DL BWP due to large BWP switching delay, more power consumption and potential increase of complexity. For the second aspect, it was agreed in RAN1#98 that for unpaired spectrum, the center frequencies of CORESET#0 and the initial DL/UL BWP configured by SIB1 can be the same or different. 
	Agreements in RAN1#98:
· For Pcell, the initial DL BWP can be configured in SIB1 to be the same as or different with the initial DL BWP as initially defined by CORESET#0
· The initial DL BWP configured in SIB1 includes the bandwidth of CORESET#0
· If the initial DL BWP configured by SIB1 is different with the initial DL BWP as initially defined by CORESET#0, the configuration of the initial DL BWP configured by SIB1 is applicable after the initial access



In that sense, we are OK to support similar case for RedCap. When there is SIB-configured initial DL BWP for RedCap and this initial DL BWP includes CORESET#0, it was agreed that RedCap should use the CORESET#0 determined initial DL BWP during initial access. In this case, we are OK to allow different center frequencies between CORESET#0 and the initial UL BWP for Redcap. 
Proposal 1: If there is SIB-configured initial DL BWP applicable for RedCap and the separate initial DL BWP contains CORESET#0, the center frequencies of the MIB-configured initial DL BWP and the initial UL BWP may or may not be aligned for TDD RedCap UEs.
Remaining issue #2: How to handle the case when the SIB-configured initial DL BWP for non-RedCap is wider than RedCap’s maximum UE bandwidth

For separate initial DL BWP configuration, one remaining issue is how to determine the initial DL BWP for RedCap when the SIB-configured initial DL BWP for non-RedCap is larger than RedCap’s maximum UE bandwidth.  During the initial access phase, both RedCap devices and non-RedCap devices utilize the MIB-configured initial DL BWP for the DL message reception.
After random access, it is OK to continue using the MIB-configured initial DL BWP or configuring a separate initial DL BWP in FDD system. It is up to network’s decision.  While for TDD system, more careful design is needed considering the requirement of certer frequency alignment. The following are two possible cases 
· Case 1: The MIB-configured initial DL BWP and the SIB-configured initial DL BWP for non-RedCap share the same center frequency and this center frequency is aligned with that of the initial UL BWP as shown in Fig.1
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Figure 1 The center frequency of MIB-configured initial DL BWP and that of the initial UL BWP are the same 
·  Case 2: The center-frequency of MIB-configured DL BWP is different from that of the SIB-configured DL BWP for non-RedCap . The center frequency of SIB-configured DL BWP for non-RedCap is aligned with the initial UL BWP as shown in Fig.2
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Figure 2 The center frequency of MIB-configured initial DL BWP and that of the initial UL BWP are different
For Case 1, if RedCap continue using the MIB-configured initial DL BWP after initial access, the center frequency is still aligned with initial UL BWP. But for Case 2, the center frequency is misaligned between the DL BWP and UL BWP if RedCap continue using the MIB-configured initial DL BWP. To address the problem, the most straightforward solution is to mandate a separate initial DL BWP for RedCap. 
Proposal 2: If the SIB-configured initial DL BWP  is larger than RedCap’s maximum UE bandwidth, 

· In FDD system, network could configure a separate initial DL BWP for RedCap or RedCap continue using the MIB-configured initial DL BWP after initial access 

· In TDD system, if the center frequency of MIB-configured initial DL BWP aligns with that of the initial UL BWP, then network could configure a separate initial DL BWP for RedCap or RedCap continue using the MIB-configured initial DL BWP after initial access. Otherwise, RedCap always expect a separate initial DL BWP 
Remaining issue #3: How many separate initial DL BWPs can be configured for RedCap  

Currently, it was agreed up to 1 separate initial UL BWP can be configured for RedCap, while how many separate initial DL BWPs can be configured for RedCap is not clear. 

According to the achieved agreement, it was agreed the separate initial DL BWP can be used in idle/inactive mode (including paging) and during/after initial access, when applicable. In addition, it was also agreed that the separate initial DL BWP can be applied during RACH, when CD-SSB/CORESET#0 is not included or NCD-SSB is not expected, neither. In addition, the separate initial DL BWP can be used for paging as well and the CD-SSB should be associated with initial DL BWP according to the conclusion in RAN#94. Per agreements or conclusion agreed for the initial DL BWP, it is possible that more than one separate initial DL BWP can be supported at least from specification perspective as shown in Fig.3. 
In our understanding, the motivation of configuring separate initial DL BWP for paging is offloading. When there is 1 separate initial DL BWP for RACH, the traffic problem on original initial DL BWP can be alleviated, then paging transmission can be included in the original initial DL BWP. Or, by proper configuration, the paging message and the RACH message can share the same separate initial DL BWP as well. In short, the motivation of supporting more than 1 separate initial DL BWP is weak. Thus, to simplify the configuration and processing, it is desirable to support up to 1 separate initial DL BWP for RedCap. 
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Figure 3 More than 1 separate initial DL BWP for RedCap
Proposal 3: Up to 1 separate initial DL BWP can be configured for RedCap 
Remaining issue #4: How to determine the default BWP 
In current NR system, once bwp-InactivityTimer associated with the active DL BWP expires, if the default BWP is explicitly configured via defaultDownlinkBWP-Id, UE perform BWP switching to the BWP indicated by the defaultDownlinkBWP-Id. Otherwise, UE would perform BWP switching to the initialDownlinkBWP. More details could refer to the following description cited from 38.321 
	The MAC entity shall for each activated Serving Cell configured with bwp-InactivityTimer:

1>
if the defaultDownlinkBWP-Id is configured, and the active DL BWP is not the BWP indicated by the defaultDownlinkBWP-Id, and the active DL BWP is not the BWP indicated by the dormantBWP-Id if configured; or

1>
if the defaultDownlinkBWP-Id is not configured, and the active DL BWP is not the initialDownlinkBWP, and the active DL BWP is not the BWP indicated by the dormantBWP-Id if configured:

2>
if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received on the active BWP; or

2>
if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received for the active BWP; or

2>
if a MAC PDU is transmitted in a configured uplink grant and LBT failure indication is not received from lower layers; or

2>
if a MAC PDU is received in a configured downlink assignment:

3>
if there is no ongoing Random Access procedure associated with this Serving Cell; or

3>
if the ongoing Random Access procedure associated with this Serving Cell is successfully completed upon reception of this PDCCH addressed to C-RNTI (as specified in clauses 5.1.4, 5.1.4a and 5.1.5):

4>
start or restart the bwp-InactivityTimer associated with the active DL BWP.

2>
if the bwp-InactivityTimer associated with the active DL BWP expires:

3>
if the defaultDownlinkBWP-Id is configured:

4>
perform BWP switching to a BWP indicated by the defaultDownlinkBWP-Id.

3>
else:

4>
perform BWP switching to the initialDownlinkBWP.



For RedCap, even if up to 1 separate initial DL BWP is configured, there still may be more than one initialDownlinkBWPs. For example, the original initialDownlinkBWP is mainly used for paging and SIB, and the separate initialDownlinkBWP is used for RACH. 
In this case, how to determine the target BWP for switching if default BWP is not explicitly configured via defaultDownlinkBWP-Id should be clarified in specification. 
To address this issue, the following potential solution can be considered. 

· Option 1: The default BWP is always explicitly configured via defaultDownlinkBWP-Id when multiple initialDownlinkBWPs are applicable to RedCap. 
· Option 2:  Pre-define a rule to determine one initial DL BWP for fallback when multiple initialDownlinkBWPs are configured. 
Proposal 4:  Further discuss how to determine the fallback BWP when there are multiple initial DL BWP applicable to RedCap
2.2 PUCCH transmission in initial UL BWP
	Agreement: [38.213]
· When the frequency hopping for the RedCap PUCCH resources (for HARQ feedback for Msg4/MsgB) is deactivated,

· Each PUCCH resource is mapped to a single PRB.

· What side[(s)] of the RedCap UL BWP center frequency to which PUCCH resources are mapped is[/are] configurable by the network, including SIB-configurable [additional] offset (with no more than [4] candidate values) using the existing equations for determining the PRB index of the PUCCH transmission as a starting point.

· RedCap and non-RedCap can be configured with the same or different PUCCH resource set indices (see TS 38.213 Table 9.2.1-1).



Remaining issue #1: Potential specification changes to support network can enable/disable intra-slot PUCCH frequency hopping (FH) within the separate initial UL BWP 
In current specification, the frequency hopping for PUCCH is defaultly enabled and the PRB index and the cyclic shift for the first hop and second hop are described in 38.213 as follows. 
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-
the UE determines the PRB index of the PUCCH transmission in the first hop as [image: image10.wmf](
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the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: image12.wmf](
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In our view, when the frequency hopping is enabled for PUCCH of RedCap, the same method can be reused. While when the PUCCH frequency hopping is disabled, the PRB index determination and the cyclic shift determination should be updated slightly. For simplicity, the equation to determine the PRB index and cyclic index for the first hop or second hop in PUCCH frequency hopping can be reused when frequency hopping is disabled. Furthermore, to avoid resource fragment, only assigning PUCCH PRB at one edge of initial UL BWP is more desirable.  Depending on different scenario, different equations should be taken to avoid PUCCH PRBs is located in distributed way within the BWP. As shown in Fig.4,  in case (A), it is better to take the equation  [image: image13.wmf]ë
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to determine the PRB index. In case(B), it is better to take equation [image: image14.wmf]ë
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  to determine the PRB index. Considering this point, one indicator can be introduced to indicate which equation is used as one reference to determine the PRB index. 
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Figure 4 Example of using different equation to determine the PUCCH PRB
Proposal 5: When intra-slot PUCCH frequency hopping for Msg4/MsgB for RedCap UEs within the separate initial UL BWP is disabled
· The PRB index is determined by   [image: image16.wmf]ë
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· One flag is used to indicate which equation is to be used 
· The cyclic shift is determined by [image: image18.wmf]CS
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Remaining issue #2: How to handle the multiplexing of non-FH and FH PUCCH transmissions in PUCCH resources
In contribution [2],[3], it is stated that when the non-frequency hopping PUCCH resource for RedCap and frequency hopping PUCCH resource for Non-RedCap are multiplexed in the PRB, interference is to be caused due to utilizing different base sequences for OCC.  Firstly, in our view, this problem can be solved by proper network configuration. For example, different PRB can be configured for RedCap. According to the Table 9.2.1-1 of 38.213, PUCCH resources of non-RedCap occupy at most 4 PRBs on each edge of initial UL BWP, assuming 2 cyclic shifts are configured for PUCCH transmission. In this case, PRB offset of 4 can be configured for RedCap to avoid PRB overlapping. Thus, the current specification is sufficient to avoid the potential overlapping. 

Observation 1: 

· Configuring different PRBs for non-FH PUCCH transmission and FH PUCCH could avoid the potential interference 
· Current specification is sufficient to support configuring non-overlapping PRB resources for non-FH transmission and FH PUCCH
3 Conclusion
In this contribution, we discuss the potential impact of reduced maximum UE bandwidth, based on the discussion, our views are summarized as follows
Proposal 1: If there is SIB-configured initial DL BWP applicable for RedCap, and the initial DL BWP contains CORESET#0, the center frequency of the MIB-configured initial DL BWP and the initial UL BWP may or may not be aligned for TDD RedCap UEs.
Proposal 2: If the SIB-configured initial DL BWP is larger than RedCap’s maximum UE bandwidth, 

· In FDD system, network could configure a separate initial DL BWP for RedCap or RedCap continue using the MIB-configured initial DL BWP after initial access 

· In TDD system, if the center frequency of MIB-configured initial DL BWP aligns with that of the initial UL BWP, then network could configure a separate initial DL BWP for RedCap or RedCap continue using the MIB-configured initial DL BWP after initial access. Otherwise, RedCap always expect a separate initial DL BWP 

Proposal 3: Up to 1 separate initial DL BWP can be configured for RedCap 
Proposal 4:  Further discuss how to determine the fallback BWP when there are multiple initial DL BWP applicable to RedCap
Proposal 5: When intra-slot PUCCH frequency hopping for Msg4/MsgB for RedCap UEs within the separate initial UL BWP is disabled
· The PRB index is determined by   [image: image20.wmf]ë
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· One flag is used to indicate which equation is to be used 
· The cyclic shift is determined by [image: image22.wmf]CS
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Observation 1: 

· Configuring different PRBs for non-FH PUCCH transmission and FH PUCCH could avoid the potential interference 
· Current specification is sufficient to support configuring non-overlapping PRB resources for non-FH transmission and FH PUCCH
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