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Introduction
This contribution discusses the aspects related to the reduced maximum UE bandwidth. Hereafter, the terminology “initial BWP” means the BWP with index 0 (i.e. BWP#0) including the BWP#0 configured by dedicated-RRC for unicast purpose (i.e. BWP#0 configuration option 2).

RF retuning and “fast” BWP switch
Some companies proposed to support RF retuning, indeed RF-based Frequency Hopping (FH), in a bandwidth wider than the RedCap UE bandwidth for RedCap UE. As another form of frequency hopping, some companies also proposed to support inter-BWP switch based FH (i.e. “fast” BWP switch) in a bandwidth wider than the RedCap UE bandwidth for RedCap UE.

Out of the scope of RedCap WID
The motivation is to exploit the frequency diversity gain for coverage improvement. However, coverage improvement dedicated for RedCap UE should be discussed in the coverage recovery subtopic. As shown below for RAN1#103e agreement, RF-based FH or “fast” BWP switch has been captured as a candidate scheme for the coverage recovery subtopic.
	Agreements:
Capture the following to the TR 38.875
· Coverage recovery for PUSCH was studied from several aspects, including cross-slot or cross-repetition channel estimation, lower DM-RS density in time domain, enhancements on PUSCH repetition Type A and/or Type B, frequency hopping or BWP switching across a larger system bandwidth
· Some techniques, such as cross-slot or cross-repetition channel estimation, lower DM-RS density in time domain, enhancements on PUSCH repetition Type A and/or Type B have been studied also in the Rel-17 coverage enhancement SI
· Potential specification impacts of frequency hopping or BWP switching across a larger system bandwidth include:
· Frequency domain hopping offsets/positions
· Faster switching/RF retuning time. 
· Note this aspect requires RAN4 involvement, where the corresponding study in RAN4 is not performed yet.
· Transmission/reception interruption during RF retuning time
Agreements:
Capture the following to the TR 38.875
· Coverage recovery for PDSCH was studied from several aspects, including the use of the lower-MCS table, larger aggregation factor for PDSCH reception, cross-slot or cross-repetition channel estimation, increasing the granularity of PRB bundling, frequency hopping or BWP switching across a larger system bandwidth.
· Some techniques, such as the lower-MCS table and larger aggregation factor for PDSCH reception are existing techniques with optional UE capability signaling
· If cross-slot or cross-repetition channel estimation for PDSCH is supported, potential specification impacts include:
· Time-domain precoder cycling and DM-RS configuration
· If hopping or BWP switching across a larger system bandwidth is supported, potential specification impacts include
· PDSCH hopping configuration
· Faster switching/RF retuning time 
· Note this aspect requires RAN4 involvement, where the corresponding study in RAN4 is not performed yet.
· Transmission/reception interruption during RF retuning time
· Potential specification impacts of increasing the granularity of PRB bundling include
· Related signaling design


On the other hand, at least for some UL channels (PUSCH/PUCCH/Msg3), the coverage enhancement is being discussed in the CE topic. The outcome of CE topic can be applied by RedCap UE, which can have more promising coverage gain than RF-based FH or “fast” BWP switch.
Therefore, whether to support RF-based FH or “fast” BWP switch in a bandwidth wider than the RedCap UE bandwidth for RedCap UE is actually out of the scope of the RedCap WID objectives.
Observation 1: Whether to support RF-based FH or “fast” BWP switch in a wider bandwidth than the RedCap UE bandwidth is out of the scope of the RedCap WID objectives.
Moreover, if the coverage recovery is approved as one of the RedCap WID objectives, other schemes, e.g. repetition, could be more efficient than RF-based FH or “fast” BWP switch. In other words, the priority of the schemes of the coverage recovery should be discussed before specifying RF-based FH or “fast” BWP switch.
Observation 2: If the coverage recovery subtopic is open to discussion, whether RF-based FH or “fast” BWP switch is in a wider bandwidth than the RedCap UE bandwidth should be prioritized than other schemes, e.g. repetition, should be further discussed.

Technical concerns of RF retuning and “fast” BWP switch
We have the following technical concerns on “fast” BWP switch.
· Co-scheduling RedCap UE and non-RedCap UE is problematic, because RedCap UE needs the symbol-level gap for RF retuning.
· The time gap for RF retuning will cancel the frequency diversity gain considering the time-domain resource overhead.
· Power consumption at RedCap UE is high, because power is consumed in each retuning, e.g. PLL adjustment, filter adjustment.
· The frequency diversity gain across 100MHz bandwidth (for FR1) may be marginal compared with that across 20MHz bandwidth, even when the number of the allocated PRBs is small.
· The frequency selective (gNB always allocating the best subband) gain may be too hard to be achieved, since UE cannot report the CQI of subband in fine time and frequency granularity.
In addition, we have the following technical concerns on RF retuning in a wide BWP.
· Cost/complexity consumption at RedCap UE is high, because new UE behavior is needed, e.g. the timely PRB-level centre frequency retuning. 
· It should be noted that the phase pre-compensation based on upconversion in 38.211 should be adjusted timely at UE side.
· It should be noted that frequency hopping in current spec just means the baseband based frequency hopping within a BWP.
· The signalling for transmitter to inform receiver about the location of Direct Current (DC) is meaningless, e.g. UplinkTxDirectCurrentList and txDirectCurrentLocation, and the algorithm at receiver to mitigate the DC interference is also meaningless.
· NR UE does not operate in a BWP wider than the bandwidth it supports. If this law is broken, there could be spec modifications everywhere.
Some companies have concern on UL resource fragmentation if the separate initial UL BWP is configured for RedCap UE, which is a typical implementation without RF retuning. However, if the shared initial UL BWP is configured and RF retuning is applied for RedCap UE, the time gap only for RedCap UE will still cause UL resource fragmentation.
In some companies’ simulation, the frequency diversity gain across 400MHz (for FR2) is obvious compared with that across 100MHz, if small data bandwidth is assumed. In FR2, the delay spread of channel is small, and the coherence bandwidth is wide, so frequency hopping across 100MHz may have much lower frequency diversity gain than frequency hopping across 400MHz. However, in our view, gNB can configure 4 BWPs (including BWP#0) scattered in 400MHz carrier and trigger BWP switch timely to exploit the frequency diversity gain. On other hand, coverage can be improved by features of CE topic. We think the features in CE topic is more friendly for UE implementation.

Time gap for RF retuning
In [1], transition time for UE RF bandwidth adaptation has been provided from RAN4 perspective. The transition time is about 20 microseconds if the center frequency before and after the bandwidth adaptation is the same, and the transition time is about 50~200 microseconds if the center frequency before and after the bandwidth adaptation is different. In our view, roughly the time gap for RF retuning could be 1~3 symbols for 15kHz SCS and 2~6 symbols for 30kHz SCS. The current BWP switch delay is slot level and no less than 1ms. If we send LS to RAN4 for delay of RF retuning, based on [1], it is highly possible that RAN4 would reply the symbol-level delay is feasible for RF retuning. However, from RAN1 perspective, we still cannot see the necessity to introduce RF retuning (or new BWP switch) delay. 
Furthermore, the cost of the RedCap UE will increase, if the RedCap UE has stringent pipeline. 
Moreover, the majority companies shown concerns on RF retuning for misalignment of centre frequency between DL and UL, it can be read that it is majority view not supporting RF retuning within DL or UL.
Therefore, we think it is not necessary to send LS to RAN4 for RF retuning.
Proposal 1: It is not necessary to send LS to RAN4 for RF retuning.

The status on BWP configurations for RedCap UE
There were many agreements, working assumptions and FFS points in the previous RAN1 meetings for BWP configuration for RedCap UE. We would like to list them to show the whole picture.
Table 1: The status on BWP configurations for RedCap UE
	
	During initial access
	After initial access

	Initial UL BWP (UL BWP #0)
	Initial UL BWP for non-RedCap UE is no wider than that for RedCap UE
	Shared;
Separate initial UL BWP for RedCap UE (working assumption)
	Shared;
Separate initial UL BWP for RedCap UE (working assumption)

	
	Initial UL BWP for non-RedCap UE is wider than that for RedCap UE
	Separate initial UL BWP for RedCap UE (working assumption)
	Separate initial UL BWP for RedCap UE (working assumption)

	Initial DL BWP (DL BWP #0)
	Initial DL BWP for non-RedCap UE is no wider than that for RedCap UE
	Shared;
Separate initial DL BWP for RedCap UE (FFS point, at least for TDD)
	Shared;
Separate initial DL BWP for RedCap UE (working assumption, at least for TDD)

	
	Initial DL BWP for non-RedCap UE is wider than that for RedCap UE
	Separate initial DL BWP for RedCap UE (FFS point, at least for TDD)
	Separate initial DL BWP for RedCap UE (working assumption, at least for TDD)

	Non-initial UL BWP (UL BWP #x, x>0), non-initial UL BWP for non-RedCap UE is no wider than that for RedCap UE
	N/A
	Separate non-initial UL BWP for RedCap UE

	Non-initial DL BWP (DL BWP #x, x>0) , non-initial DL BWP for non-RedCap UE is no wider than that for RedCap UE
	N/A
	Separate non-initial DL BWP for RedCap UE



Initial UL BWP

During initial access

When initial UL BWP for non-RedCap UE is wider than RedCap UE bandwidth
In RAN1#104bis-e [3], the higher level of options for initial UL BWP during initial access was proposed as follows.
	Agreement:
· During initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.


There are three options for the scenario where the initial UL BWP for non-RedCap UE is configured to the wider than the RedCap UE bandwidth during initial access. For Option 1, RedCap UE can use the same initial UL BWP through RF retuning or separate resource. For Option 2, RedCap UE can be configured with the separate initial UL BWP. For Option 3, it is equivalent to the solution of gNB configuration.
In RAN1#105-e [4], Option 3 in above three options was excluded.
	Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.


Further, Option 2 in above three options became a working assumption.
	· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning  


We think the separate initial UL BWP is more flexible than the separate resource. For PUSCH resource fragmentation due to PUCCH transmission, we are not sure this is a valid issue. From beginning of R15 BWP specification, overlapping between two UL BWPs was assumed, and PUSCH resource fragmentation was there. We still think it is up to gNB implementation to handle the overlapping between two UL BWPs.
Furthermore, we do not support RF retuning.
Moreover, as shown in Section 4.1.1.1, 4.1.1.2 and 4.1.1.3, issues of RO and broadcast PUSCH/PUCCH outside the RedCap UE bandwidth can be well solved by the separate initial UL BWP.
Hence, we think the separate initial UL BWP during initial access should be confirmed, when initial UL BWP for non-RedCap UE is wider than RedCap UE bandwidth. We suggest confirming it which is shown in our Proposal 4.

Issues of RO and broadcast PUSCH/PUCCH outside the RedCap UE bandwidth
In RAN1#104e [2], it is addressed that how/whether to support RO, PUCCH (for Msg4/[MsgB]) and/or PUSCH (for Msg3/[MsgA]) fall within the RedCap UE bandwidth.
	Agreements:
· Study further how to enable/support that a RACH occasion associated with the best SSB falls within the RedCap UE bandwidth, with the following options:
· Option 1: Proper RF-retuning for RedCap
· Option 2: Separate initial UL BWP(s) for RedCap UEs
· Option 3: gNB configuration (e.g., restrictions on existing PRACH configurations, or FDM-ed ROs, or always restricting the initial UL BWP to within RedCap UE bandwidth)
· Option 4: Dedicated PRACH configurations (e.g., ROs) for RedCap UEs
· Other options are not precluded
Agreements:
· Study further whether and how to enable/support that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, with the following options:
· Option 1: Proper RF-retuning for RedCap (if feasible)
· Option 2: Separate initial UL BWP(s) for RedCap
· FFS more than one starting PRB position
· Option 3: Separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation for the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)
· Option 4: gNB configuration (e.g., always restricting the initial UL BWP to within RedCap UE bandwidth, or restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH)
· Note: As an example, with restrictions on the frequency location and the amount of scheduled resource for Msg4/[MsgB] HARQ feedback and Msg3/[MsgA] PUSCH, when the initial UL BWP is the same for RedCap and non-RedCap UEs, the PUCCH (for Msg4/[MsgB] HARQ feedback) and PUSCH (for Msg3/[MsgA]) are within the RedCap UE bandwidth
· Other options are not precluded


It should be noted that only when RedCap UE shares the same initial UL BWP with non-RedCap UE and the initial UL BWP is wider than the RedCap UE bandwidth, RF retuning and separate resource are needed, even if frequency hopping is disabled.

RF retuning
Occasions of RF retuning for FDD system
· For RO
· When the frequency location of ROs exceeds the RedCap UE bandwidth (e.g. when 8 RO FDM at 15kHz SCS and 4 RO FDM at 30kHz), no matter how RedCap UE selects the RF center frequency, the RedCap UE bandwidth cannot cover the frequency location of ROs. RedCap UE can pre-determine two candidates of the RF center frequency to cover the whole RO frequency resource.
· For broadcast PUSCH
· For broadcast PUSCH, the resource for broadcast PUCH can be across the whole initial UL BWP. RedCap UE may not pre-determine the candidates of the RF center frequency, since frequency location of resource can be in granularity of PRB. In general, RedCap UE may pre-determine the candidates of the RF center frequency in granularity of channel rater.
· For broadcast PUCCH
· For broadcast PUCCH, the frequency location of broadcast PUCCH may not exceed the RedCap UE bandwidth, and thus RedCap UE should pre-determine one candidate for RF center frequency.
Observation 3: For FDD system, RedCap UE should retune RF in the following cases.
· RO: two candidates for center frequency
· Broadcast PUSCH: lots of candidates for center frequency
· Broadcast PUCCH: one center frequency
· RO -> broadcast PUSCH: due to misalignment between center frequency of DL and UL
· Broadcast PUSCH -> broadcast PUCCH: due to misalignment between center frequency of DL and UL
Occasions of RF retuning for TDD system
For the current TDD system, the initial DL BWP should share the same center frequency with the initial UL BWP to avoid the RF retuning for switching between DL and UL (TS 38.213).
	For unpaired spectrum operation, a UE does not expect to receive a configuration where the center frequency for a DL BWP is different than the center frequency for an UL BWP when the BWP-Id of the DL BWP is same as the BWP-Id of the UL BWP.


It is better that we can maintain this rule for RedCap UE to avoid the unnecessary RF retuning for switch between DL and UL.
· For RO
· Within UL carrier: Like FDD system.
· DL to UL: Gaps for RF retuning from DL to UL could be absorbed in the switch gap from DL reception to PRACH transmission. In general, it is up to UE implementation to transmit PRACH after paging message acquisition, beam failure, RLF etc., which may have little spec impact.
· UL to DL: UE will monitor the RAR in a window after transmitting PRACH in RACH procedure, so gNB can postpone the transmission of RAR in short time. UE will monitor the PDCCH for beam failure recovery after transmitting PRACH for beam failure, and thus gNB can postpone sending signaling for beam failure recovery.
· For broadcast PUSCH
· Within UL carrier: Like FDD system.
· DL to UL: Gaps for RF retuning from DL to UL could be absorbed in the switch gap from RAR reception to Msg3 transmission. If gNB knows the PRACH is transmitted by a RedCap UE, gNB can take into account the gap from RAR to Msg3 for scheduling Msg3.
· UL to DL: UE will monitor the PDCCH for scheduling Msg4 after transmitting Msg3. If gNB knows the Msg3 is transmitted by a RedCap UE, gNB can postpone the transmission of the PDCCH for scheduling Msg4. 
· For broadcast PUCCH
· Within UL carrier: Like FDD system.
· DL to UL: Gaps for RF retuning from DL to UL could be absorbed in the switch gap from RAR reception to Msg3 transmission, or from Msg4 reception to PUCCH HARQ-ACK transmission. If gNB knows the Msg3 is transmitted by a RedCap UE, the timing for PUCCH should include the gap from Msg4 to PUCCH HARQ-ACK transmission. It may have spec impact.
· UL to DL: UE will monitor the PDCCH for scheduling Msg5 after transmitting PUCCH HARQ-ACK. If gNB knows the PUCCH HARQ-ACK is transmitted by a RedCap UE, gNB can postpone the transmission of the PDCCH for scheduling Msg5.
In general, if the center frequencies for DL BWP and UL BW are misaligned, RF returning for switching between DL and UL is needed. There are gaps for RF retuning. Gaps for RF retuning from DL to UL could be absorbed in the DL-to-UL switch gap. Gaps for RF retuning from UL to DL could be left to gNB implementation for scheduling. Howeever, it will definitely affect the network performance for coexistence between non-RedCap UE and RedCap UE.
Observation 4: For TDD system, RedCap UE should retune RF in the following cases.
· RO: two candidates for center frequency
· Broadcast PUSCH: lots of candidates for center frequency
· Broadcast PUCCH: one center frequency
· DL -> RO: due to misalignment between center frequency of DL and UL
· RO -> Msg2: due to misalignment between center frequency of DL and UL
· Msg2 -> broadcast PUSCH: due to misalignment between center frequency of DL and UL
· Broadcast PUSCH -> Msg4: due to misalignment between center frequency of DL and UL
· Msg4 -> broadcast PUCCH: due to misalignment between center frequency of DL and UL
· Broadcast PUCCH -> Msg5: due to misalignment between center frequency of DL and UL

Separate initial UL BWP
For separate initial UL BWP (option 2), it can avoid the RF retuning. 
Because there will be two initial UL BWPs for RedCap UE and non-RedCap UE, the resource fragmentation is concerned about by some companies. In our view, RO and broadcast PUSCH/PUCCH may not have lager bulk of resource, so the resource fragmentation is trivial. Especially for RO, it seems the corner case where the bandwidth of ROs exceeds the RedCap UE bandwidth.

gNB configuration
For gNB configuration (option 3 for RO and option 4 for broadcast PUSCH/PUCCH), it has the impact on the non-RedCap UE, i.e. the non-RedCap UE cannot fully utilize the resource. As counterpart, if the non-RedCap UE can fully utilize the UL resource, the latency of RACH can be maintained, since the non-RedCap UE does not need to wait for the time resource for UL transmission.
Observation 5: gNB configuration has negative impact on the non-RedCap UE.

Separate resource
For separate resource (option 4 for RO and option 3 for broadcast PUSCH/PUCCH), the separate resource is similar to the separated initial UL BWP. 
Compared to the separate initial UL BWP, it has benefit of reducing signaling overhead but has drawback of lack of flexibility. The separate resource is not as flexible as the separate initial UL BWP, since the separate resource is usually to make the frequency-domain resource separable and the time-domain resource should share a common configuration. Compared to the separate resource, the separate initial UL BWP can support the separate time-domain resource for RedCap UE.
Therefore, the separate initial UL BWP is more flexible than separate resource.
Observation 6: The separate initial UL BWP is more flexible than separate resource.

Solve RO issue by separate initial UL BWP
Since the separate initial UL BWP was working assumption, the issue of RO outsider the RedCap UE bandwidth can be solved by the separate initial UL BWP naturally. This became a working assumption in RAN1#105-e [4].
	Working assumption: 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.


We support to confirm the working assumption for the separate initial UL BWP to solve RO issue.
Proposal 2: Confirm the working assumption that “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”.

Solve broadcast PUSCH/PUCCH issue by separate initial UL BWP
Since the separate initial UL BWP was working assumption, the issue of broadcast PUSCH/PUCCH outsider the RedCap UE bandwidth can be solved by the separate initial UL BWP naturally. This became a working assumption in RAN1#105-e [4].
	Working assumption: 
· For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth).
· FFS: whether/how the specification also supports separate PUCCH/Msg3/[MsgA] PUSCH configuration/indication or a different interpretation of the same configuration/indication for RedCap (e.g., disabled frequency hopping or different frequency hopping)


We support to confirm the working assumption for the separate initial UL BWP to solve broadcast PUSCH/PUCCH issue.
Proposal 3: Confirm the working assumption that “For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth)”.

When initial UL BWP for non-RedCap UE is no wider than RedCap UE bandwidth
In RAN1#105-e [4], it became a work assumption that the separate initial UL BWP can be supported when initial UL BWP for non-RedCap UE is no wider than RedCap UE bandwidth.
	Working assumption: Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.


We think the separate initial UL BWP during initial access should be confirmed, when initial UL BWP for non-RedCap UE is no wider than RedCap UE bandwidth, since there are some benefits for the separate initial UL BWP during initial access, e.g. Msg1/3 offloading, early reporting in Msg1/3, solving RO and broadcast PUSCH/PUCCH issues. We suggest confirming it which is shown in our Proposal 5.

After initial access
When initial UL BWP for non-RedCap UE is wider than RedCap UE bandwidth
In RAN1#104bis-e [3], it was agreed that there are three options for the scenario where the initial UL BWP for non-RedCap UE is configured to the wider than the RedCap UE bandwidth after initial access.
	Agreement:
· After initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e:
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.


After initial access, it is natural that gNB configures a UE-specific initial UL BWP which can be a separate initial UL BWP. For BWP#0 configuration option 2, some gNB vendors have concerns on that only one wide BWP deployed in the current network. In our view, the equal efforts should be paid by both UE and gNB vendor to update the network for better eco-system. For both BWP#0 configuration option 1 and 2, we do not see the spec impact.
In RAN1#105-e [4], Option 3 in above three options was excluded.
	Agreements:
· Both during and after initial access, the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the maximum RedCap UE bandwidth is allowed.


As the further progress, Option 2 in above three options became a working assumption.
	· Working assumption: Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· FFS: whether/how to avoid or minimize PUSCH resource fragmentation due to PUCCH transmission for the above case
· Support the case when the centre frequency is assumed to be the same for the initial DL and UL BWPs in TDD. 
· FFS whether or not to additionally support the case when the centre frequency is different; if so, how to minimize centre frequency retuning   


Similar as during initial access, we think the separate initial UL BWP after initial access should be confirmed, when initial UL BWP for non-RedCap UE is wider than RedCap UE bandwidth, since PUSCH resource fragmentation is not critical and RF retuning should not be supported.
Proposal 4: Confirm the working assumption that “Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs”.

When initial UL BWP for non-RedCap UE is no wider than RedCap UE bandwidth
As shown above, in RAN1#105-e [4], it became a work assumption that the separate initial UL BWP can be supported when initial UL BWP for non-RedCap UE is no wider than RedCap UE bandwidth.
	Working assumption: Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs.
· RO sharing between RedCap and non-RedCap is not precluded.


We think the separate initial UL BWP after initial access should be confirmed, when initial UL BWP for non-RedCap UE is no wider than RedCap UE bandwidth, since it is natural that gNB can reconfigure the initial UL BWP in UE-specific manner after initial access.
Proposal 5: Confirm the working assumption that “Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs”.

Initial DL BWP

During initial access
For now, during initial access, initial DL BWP for non-RedCap UE is no wider than RedCap UE bandwidth.
In RAN1#104bis-e [3], the work assumption was achieved for initial DL BWP during initial access.
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· 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).


We do not support RF retuning for the initial DL BWP as well. We think resource restriction for the initial DL BWP is not better than the separate initial DL BWP. We propose to confirm the working assumption “During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth”.
Proposal 6: Confirm the working assumption in RAN104bis-e that “During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth”.

We think the separate initial DL BWP can be configured to RedCap UE, for the following reasons:
· Alignment of center frequency between DL and UL BWP can be easily realized, if the separate initial DL BWP and the separate initial UL BWP are both configured.
· The separate search space set can be configured to RedCap UE in the separate initial DL BWP, and the corresponding sparse PDCCH monitoring occasions can save the power for RedCap UE.
· The “additional” CORESET can be configured to RedCap UE in the separate initial DL BWP, and the corresponding large AL can improve the coverage for RedCap UE.
· The separate PDSCH parameter can be configured/scheduled to RedCap UE in the separate initial DL BWP, and the corresponding small TB scaling can improve the coverage for RedCap UE.
· The eDRX configurations can be configured to RedCap UE in the separate initial DL BWP to save the power for RedCap UE.
· The specific RRM measurement relaxation can be configured to RedCap UE in the separate initial DL BWP to save the power for RedCap UE.
· The separate initial DL BWP can offload the paging/SIB/Msg2/Msg4 at the initial DL BWP for non-RedCap UE. For IoT application, the massive connections should be assumed, and it is better that paging/SIB configuration of RedCap UE is different from that of non-RedCap UE.
Therefore, we support the separate initial DL BWP for RedCap UE during initial access.
Proposal 7: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs during initial access.

After initial access
In RAN1#104bis-e [3], it became a working assumption that it is not expected that RedCap UE should operate in an initial DL BWP wider than RedCap UE bandwidth for BWP#0 configuration option 1.
	Working assumption: After initial access, at least 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.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)


In RAN1#105-e [4], the similar direction for BWP#0 configuration option 2 was supplied as a working assumption.
	Agreements: Replace the RAN1#104bis-e working assumption with the following working assumption (for option 1) and working assumption (for option 2):
· Working assumption: 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.
· Working assumption: 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.


After initial access, it is natural that gNB can reconfigure the initial DL BWP no wider than the maximum bandwidth that UE capability. We suggest confirming the above two working assumptions.
Proposal 8: Confirm the working assumption that “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”.
Proposal 9: Confirm the working assumption that “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”.

In RAN1#105-e [4], it became a working assumption that a separate initial DL BWP can be optionally configured/defined to RedCap UE.
	Working assumption: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access
· FFS the details of the configuration/definition
· The configuration for a separately configured initial DL BWP for RedCap UEs is signaled in SIB.
· whether to support that separate initial DL BWP for RedCap UEs can include a configuration of CORESET and CSS(s) 
· whether part of the configuration can be defined instead of signaled
· If a separate initial DL BWP for RedCap UEs is configured/defined, this separate initial DL BWP for RedCap UEs can be used at least after initial access (i.e., at least after RRC Setup, RRC Resume, or RRC Reestablishment).
· FFS during the initial access
· FFS: whether a separately configured initial DL BWP for RedCap UEs needs to contain the entire CORESET #0, and, if not, the Redcap UE behaviour for CORESET #0 monitoring
· FFS: supported bandwidths in the separate initial DL BWP
· FFS: whether additional SSB is transmitted in the separately configured initial DL BWP for RedCap UEs
· FFS: FDD case


In our view, after initial access, it is natural that gNB can reconfigure a separate initial DL BWP in UE-specific way. We do not see the spec impact. 
Furthermore, it is beneficial for TDD to align the centre frequency between the separate initial DL BWP and the separate initial UL BWP.
Moreover, it can solve the issue of SIB1-reconfigured bandwidth of the initial DL BWP. During the time interval between Msg4 and RRC reconfiguration effective time, the wider bandwidth of the initial DL BWP configured by higher layer parameter LocationAndBandwidth (e.g. in SIB1) will take effect (TS 38.331). Indeed, the higher layer parameter LocationAndBandwidth is introduced to let the non-RedCap UE use the wide bandwidth as soon as possible. However, it is not so meaningful for RedCap UE.
	initialDownlinkBWP
The initial downlink BWP configuration for a PCell. The network configures the locationAndBandwidth so that the initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain. The UE applies the locationAndBandwidth upon reception of this field (e.g. to determine the frequency position of signals described in relation to this locationAndBandwidth) but it keeps CORESET#0 until after reception of RRCSetup/RRCResume/RRCReestablishment.


If RedCap UE is configured with a separate initial DL BWP, the higher layer parameter LocationAndBandwidth will not be applied to RedCap UE.
Therefore, we suggest confirming the above working assumption.
Proposal 10: Confirm the working assumption that “At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access”.

Non-initial DL/UL BWP
In RAN1#104bis-e [3], the working assumption was achieved for non-initial DL/UL BWP.
	Working assumption: A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 ("Basic BWP operation with restriction" as described in TR 38.822) is used as a starting point for the RedCap UE type capability.


After initial access, it is very natural that gNB configures the non-initial DL/UL BWP in UE-specific way. There is no need to put any restriction on this.
In RAN1#105e [4], the above working assumption was agreed, and it was agreed to support FG 6-1a as a optional UE capability for RedCap UE.
	Agreement:Take the following as an agreement, revised from the RAN1#104bis-e working assumption:
· A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.
· At least for FR1, FG 6-1 (“Basic BWP operation with restriction” as described in TR 38.822) is used as a starting point for the mandatory RedCap UE type capability.
· This does not preclude support of FG 6-1a (“BWP operation without restriction on BW of BWP(s)” as described in TR 38.822) as a UE capability for RedCap UEs.


We think FG 6-1 (TS 38.306) can be still mandatory for RedCap UE as this is related to initial access.
	FG 6-1
1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
3) RRC reconfiguration of any parameters related to BWP
4) BW of a UE-specific RRC configured BWP includes BW of CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP includes SSB for SCell if there is SSB on SCell


We think FG 6-1a can be still optional for RedCap UE as this is only related to UE-specific RRC configured BWP. RedCap UE with higher complexity can report this capability.
	FG 6-1a
BW of UE-specific RRC configured BWP may not include BW of the CORESET#0 (if CORESET#0 is present) and SSB for PCell/PSCell (if configured) and BW of the UE-specific RRC configured BWP may not include SSB for SCell



[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Our preference on BWP configurations for RedCap UE
Consequently, our preference on BWP configuration for RedCap UE can be listed as follows.
Table 2: Our preference on BWP configurations for RedCap UE
	
	During initial access
	After initial access

	Initial UL BWP (UL BWP #0)
	Initial UL BWP for non-RedCap UE is no wider than that for RedCap UE
	Shared;
Separate initial UL BWP for RedCap UE
	Shared;
Separate initial UL BWP for RedCap UE

	
	Initial UL BWP for non-RedCap UE is wider than that for RedCap UE
	Separate initial UL BWP for RedCap UE
	Separate initial UL BWP for RedCap UE

	Initial DL BWP (DL BWP #0)
	Initial DL BWP for non-RedCap UE is no wider than that for RedCap UE
	Shared;
Separate initial DL BWP for RedCap UE (at least for TDD)
	Shared;
Separate initial DL BWP for RedCap UE (at least for TDD)

	
	Initial DL BWP for non-RedCap UE is wider than that for RedCap UE
	Separate initial DL BWP for RedCap UE (at least for TDD)
	Separate initial DL BWP for RedCap UE (at least for TDD)

	Non-initial UL BWP (UL BWP #x, x>0), non-initial UL BWP for non-RedCap UE is no wider than that for RedCap UE
	N/A
	Separate non-initial UL BWP for RedCap UE

	Non-initial DL BWP (DL BWP #x, x>0) , non-initial DL BWP for non-RedCap UE is no wider than that for RedCap UE
	N/A
	Separate non-initial DL BWP for RedCap UE



Conclusion
As the conclusion, we have the following proposals:
RF retuning
Proposal 1: It is not necessary to send LS to RAN4 for RF retuning.

Initial UL BWP
Issue of RO and broadcast PUSCH/PUCCH outside the RedCap UE bandwidth
Proposal 2: Confirm the working assumption that “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”.
Proposal 3: Confirm the working assumption that “For enabling/supporting that PUCCH (for Msg4/[MsgB] HARQ feedback) and/or PUSCH (for Msg3/[MsgA]) transmissions fall within the RedCap UE bandwidth during initial access, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth)”.
During and after initial access
When initial UL BWP for non-RedCap UE is wider than RedCap UE bandwidth
Proposal 4: Confirm the working assumption that “Both during and after initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs”.
When initial UL BWP for non-RedCap UE is no wider than RedCap UE bandwidth
Proposal 5: Confirm the working assumption that “Both during and after initial access, even for the scenario where the initial UL BWP for non-RedCap UEs is not configured to be wider than the RedCap UE bandwidth, a separate initial UL BWP can optionally be configured/defined for RedCap UEs”.

Initial DL BWP
During initial access
Proposal 6: Confirm the working assumption in RAN104bis-e that “During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth”.
Proposal 7: At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs during initial access.
After initial access
Proposal 8: Confirm the working assumption that “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”.
Proposal 9: Confirm the working assumption that “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”.
Proposal 10: Confirm the working assumption that “At least for TDD, an initial DL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth) can be optionally configured/defined separately from the initial DL BWP for non-RedCap UEs at least after initial access”.
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Appendix 
A.1 Agreements for initial DL/UL BWP in RAN1#104

	Agreements:
· Sharing of the same SSB and CORESET#0 between RedCap and non-RedCap UEs is supported when the bandwidth is no wider than the RedCap UE bandwidth
· The initial DL BWP (derived based on MIB/SIB) for RedCap UEs can be the same as the initial DL BWP for non-RedCap UEs at least when the initial DL BWP is no wider than the RedCap UE bandwidth.
· FFS: after initial access, whether a RedCap UE is allowed to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth 
· Discuss further whether or not it is also applicable during initial access
· The initial UL BWP (derived based on SIB) for RedCap UEs can be the same as the initial UL BWP for non-RedCap UEs at least when the initial UL BWP is no wider than the RedCap UE bandwidth.
· FFS: during and after initial access, whether a RedCap UE is allowed to operate with an initial UL BWP wider than the maximum RedCap UE bandwidth 
· FFS whether or not to further introduce the following (e.g., for offloading purpose, for differentiation of RedCap vs. non RedCap UEs, for different BWP#0 configuration options, etc.)
· Whether an additional CORESET can be configured for scheduling of RACH (msg2 & msg4)/Paging/SI messages for RedCap UEs
· Whether the SIB-configured initial DL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial DL BWP for non-RedCap UEs.
· Whether the SIB-configured initial UL BWP for RedCap UEs can also be configured to be different from the SIB-configured initial UL BWP for non-RedCap UEs.




