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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The 3GPP Rel-17 work item for reduced capability (RedCap) devices was revised in [1]. Among the objectives, the scope of this WI includes specifying support for five UE complexity reduction features (reduced maximum bandwidth, reduced minimum number of Rx branches, maximum number of DL MIMO layers, relaxed maximum modulation order, and half duplex operation). 
In RAN1#104, several agreements for the complexity reduction features were made as well as listing many open issues. In this contribution, discussions and proposals based on the agreements and open issues are provided for the bandwidth reduction feature. Based on the agreements from the RAN1#104 meeting, this contribution shows how a RedCap UE can perform initial access when bandwidth of the initial RedCap BWP is no larger than the maximum RedCap UE bandwidth.
Discussion
In RAN1#104, several agreements regarding initial access and reduced UE bandwidth were reached and are presented below [2]. The primary focus is to expand upon the first agreements below. Based on analysis provided in this section, the agreements are sufficient to make significant progress on the bandwidth reduction feature. The grey-out bullets are the FFS and will be discussed in the following section. 
	· 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.



The agreements focus on the bandwidth being no wider than the Redcap UE bandwidth, which can always be ensured by network configuration:
· Sharing of the same SSB and CORESET#0
· The initial DL BWP
· The initial UL BWP
With sharing supported and the initial BWPs for RedCap and non-RedCap UEs can be the same, we check to see whether any small specification changes are needed for system operation. For the most part, the examination and analysis are focused on FR1, but the approach is applicable for FR2.
Downlink
In general, most of the signals/channels are within a bandwidth that is no wider than the Redcap UE bandwidth.
SSB / CORESET#0
The SSB spans 20 RBs and is always less than 10 MHz in FR1. The following table determines the occupied bandwidth of the SSB (including the guardbands) as a function of channel bandwidth and SCS.
Table 1. Receive BW for SSB, FR1. The value of the guardband is obtained from 38.104.
	SCS, kHz
	SSB BW in MHz for 5 MHz channel
	SSB BW in MHz for 10 MHz channel
	SSB BW in MHz for 40 MHz channel

	15
	4.085
	4.225
	

	30
	
	8.53
	9.01



In Table 2, an analysis of the CORESET#0 bandwidth as a function of SCS and signaled RB sizes in the MIB shows that each CORESET#0 acquired through the MIB is less than 20 MHz. Note the table lists the first available channel bandwidth that is greater than or equal to the bandwidth in RBs. For example, with 15 kHz SCS, 96 RBs corresponds to 17.28 MHz. Since a 20 MHz channel bandwidth supports 104 RBs (15 kHz SCS), 20 MHz is listed in the table.
[bookmark: _Ref68265145]Table 2. CORESET#0 BW for SSB for FR1. References are to tables in 38.213, clause 13. 
	SCS, kHz, CORESET0
	24 RBs
	48 RBs
	96 RBs

	15
	5 MHz (13-1)
	10 MHz (13-1,-3,-5)
	20 MHz (13-1,-1A,-3,-5)

	30
	10 MHz (13-2,-4,-6)
	20 MHz (13-2,-4,-4A,-6)
	



Table 3. CORESET#0 BW for SSB for FR2. References are to tables in 38.213, clause 13. 
	SCS, kHz, CORESET0
	24 RBs
	48 RBs
	96 RBs

	60
	
	50 MHz (13-7)
	100 MHz (13-7,-9) *

	120
	50 MHz (13-8,-10)
	100 MHz (13-8,-10) *
	


· [bookmark: _Hlk68586632]With certain offsets in the table (associated with multiplexing patterns 2 and 3), the combined span of CORESET#0 and SSB can exceed the maximum bandwidth of a RedCap UE.
This analysis confirms that non-RedCap UEs and RedCap UEs can share the SSB and CORESET#0 because the bandwidth of the individual signals and channels is no wider than the RedCap UE bandwidth.
Observation 1: While sharing SSB/CORTESET#0 between RedCap and non-RedCap UEs, the analysis confirms that no values are more than 20MHz for FR1.
[bookmark: _Hlk68555577]For FR2, the combined span of SSB and CORESET#0 is in the maximum bandwidth of a RedCap UE for multiplexing pattern 1 and for most multiplexing patterns 2 and 3. For the exceptions, RAN4 could examine the impact to radio resource management measurements when the combined span of SSB and CORESET#0 is not in the maximum bandwidth of a RedCap UE. Of course, it is a network option to select a multiplexing pattern where the combined span of SSB and CORESET#0 is within the maximum bandwidth of a RedCap UE.
Initial DL BWP
When the network transmits SIB1, it can reconfigure the PDCCH via ServingCellConfigCommonSIB  downlinkConfigCommon  initialDownlinkBWP  pdcch-ConfigCommon  controlResourceSetZero. However, one requirement is that the initial downlink BWP contains CORESET#0 [3] (in yellow):
“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.”
Another note about locationAndBandwidth regarding TDD:
In case of TDD, a BWP-pair (UL BWP and DL BWP with the same bwp-Id) must have the same center frequency (see TS 38.213, clause 12)
[bookmark: _Hlk68357850]Because CORESET#0 is less than the maximum bandwidth of RedCap UEs, the initial DL BWP for RedCap UEs always carries the PDCCH.
Observation 2: A RedCap UE is always able to receive the PDCCH within its initial DL BWP. No changes for RedCap UEs and PDCCH are necessary in the specifications.
In summary, RedCap and non-RedCap UEs can share PDCCH resources. 
Transmitting the scheduled PDSCH for RedCap UEs is more complex because the possible locations of the PDSCH are a function of the RNTI used to scramble the CRC bits of DCI format 1_0, as summarized in Table 4 [5].
[bookmark: _Ref65508810]Table 4. Mapping of RNTI to frequency allocation
	RNTI
	 for frequency resource allocation

	SI
	Size of CORESET#0

	RA / MsgB
	Size of CORESET#0 if CORESET#0 is configured for the cell, otherwise size of initial DL BWP if CORESET#0 is not configured for the cell

	TC
	Size of CORESET#0



This table indicates that in the scheduling of PSDCH for Msg2/MsgB, the size of the initial DL BWP can be used in the downlink. 
If RA-RNTI / MsgB-RNTI can be managed for RedCap UEs, then the network can ensure that the location of the scheduled PDSCH is within the bandwidth of the RedCap UE. From 38.321 [12], the values of RA-RNTI and MsgB-RNTI are computed based on a function of the symbol of the RACH occasion, the slot number, the index in the frequency domain, and whether a UL / SUL carrier was used. The implication is if the network can configure which RACH occasion a RedCap UE can use, the network knows which RA-RNTI would be used by a RedCap UE. As a result, the network can place the location of the PDSCH within the bandwidth of the RedCap UE. Note it may be necessary to align the initial DL BWP for RedCap UEs to CORESET#0. 
Observation 3: By configuring which RACH occasion a RedCap UE can use, the network can ensure the PDSCH for Msg2/MsgB is within the bandwidth of the RedCap UE.
The key point is for the downlink, network configuration can allow PDSCH transmissions to be confined within the maximum bandwidth of the RedCap UE. Thus, with the current set of agreements, a limited number of configuration changes are needed for the downlink.
The analysis shows that RedCap and non-RedCap UEs can share PDSCH resources if the network ensures those PDSCH resources are within the bandwidth of a RedCap UE.
Uplink
The initial UL BWP is configured by the network. As such, in order to ensure the resources for the RACH occasions, PUSCH, and PUCCH are within the bandwidth of the RedCap UE and to allow for sharing of resources with non-RedCap UEs, appropriate configuration by the network is needed. Analysis is performed on the signaling and each channel to determine what parameters / factors should be considered for a RedCap UE.
[bookmark: _Ref68361154]Signaling
The UE receives configuration of the UL BWP via the following signaling ServingCellConfigCommonSIB  UplinkConfigCommonSIB  
· RACH-ConfigCommon  RACH-ConfigGeneric  msg1-FrequencyStart, msg1-FDM
· The number of PRACH transmission occasions FDMed in one time instance. (see TS 38.211 [16], clause 6.3.3.2).
· Offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0. The value is configured so that the corresponding RACH resource is entirely within the bandwidth of the UL BWP. (see TS 38.211, clause 6.3.3.2).
· PUSCH-ConfigCommon  pusch-TimeDomainAllocationList
List of time domain allocations for timing of UL assignment to UL data (see TS 38.214, table 6.1.2.1.1-1).
· PUCCH-ConfigCommon  pucch-ResourceCommon, pucch-GroupHopping, 
An entry into a 16-row table where each row configures a set of cell-specific PUCCH resources/parameters. The UE uses those PUCCH resources until it is provided with a dedicated PUCCH-Config (e.g. during initial access) on the initial uplink BWP. Once the network provides a dedicated PUCCH-Config for that bandwidth part the UE applies that one instead of the one provided in this field (see TS 38.213, clause 9.2).
RACH occasion
In RAN1#104, agreements regarding RACH occasions are presented below [2] 
	· 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



The frequency location for each RACH occasion is determined by the parameter msg1-FrequencyStart for the base address, and the number of the occasions is msg1-FDM. The size of the RACH occasion is governed by the SCS and the RRC parameter prach-RootSequenceIndex. Even though the bandwidth of a PRACH transmission is at most 20 MHz for FR1 and FR2, the bandwidth for supporting up to 8 RACH occasions in frequency (with a limit of 275 RBs) can exceed the bandwidth of the RedCap UE, as indicated by the shading in Table 5.
[bookmark: _Ref68359001]Table 5. Maximum bandwidth assuming 8 RACH occasions and 275 RBs based on Table 6.3.3.2-1 [6]. Shading indicates when the bandwidth for 8 RACH occasions exceeds 20 MHz.
	
	
	No. RBs for , FR1, one RACH occasion
	Max BW, MHz, FR1, for 8 RACH occasions
	No. RBs (FR2), one RACH occasion
	Max BW, MHz, FR2 for 8 RACH occasions

	
	
	15 kHz
	30 kHz
	60 kHz
	15 kHz
	30 kHz
	60 kHz
	60 kHz
	120 kHz
	60 kHz
	120 kHz

	839
	1.25
	6
	3
	2
	10
	10
	18
	
	
	
	

	839
	5
	24
	12
	6
	40
	40
	40
	
	
	
	

	139
	15
	12
	6
	3
	20
	20
	20
	
	
	
	

	139
	30
	24
	12
	6
	40
	40
	40
	
	
	
	

	139
	60
	
	
	
	
	
	
	12
	6
	100
	100

	139
	120
	
	
	
	
	
	
	24
	12
	200
	200

	571
	30
	96
	48
	24
	40
	40
	40
	
	
	
	

	1151
	15
	96
	48
	24
	40
	40
	40
	
	
	
	



Observation 4: the maximum bandwidth of each RACH occasion is less than the maximum bandwidth of a RedCap UE. 
Since the network provides the configuration parameters for RACH, it can ensure that all RACH occasions for RedCap UEs are within the bandwidth of RedCap UEs. In addition, it may be possible for the network to indicate which RACH occasions can be used by a RedCap UE using a mask index. For example, in the signaling / procedures for 2-step RACH, the network indicates which RACH occasion can be shared. 
msgA-SSB-SharedRO-MaskIndex: Indicates the subset of 4-step type ROs shared with 2-step random access type for each SSB. This field is configured when there is more than one RO per SSB. If the field is absent, and 4-step and 2-step has shared ROs, then all ROs are shared.
Another example is the mask used to select RACH occasions for contention-free and contention-based random access.
ra-ssb-OccasionMaskIndex: Explicitly signalled PRACH Mask Index for RA Resource selection in TS 38.321. The mask is valid for all SSB resources.
Proposal 1: RedCap UEs can share RACH occasions with legacy UEs
· A subset of RACH occasions can be indicated with a mask, thereby ensuring that all occasions are within the RedCap UE bandwidth
The analysis above shows that Option 3 requires minimal changes and no new elements (timing, switching). Even using a mask index for RedCap UEs is a type of Option 3 where no new element is introduced (it is a reuse of an existing procedure/signaling).
Observation 5: Option 3 ensures the RACH occasion is within the bandwidth of a RedCap UE as this option requires minimal changes and no new elements.
Option 4 provides a level of flexibility by allowing sharing of RACH occasions and supporting additional RedCap-specific RACH occasions/preambles. Having a RedCap-specific RACH configuration can enable the early identification objective in the WID [1]. The early identification objective was introduced as part of the discussion for supporting the 1Rx branch feature, and (with Msg 1 early identification) allows a dedicated RACH occasion that can be used by 1Rx UEs or by RedCap UEs in poor channel conditions [15]. Option 4 is also another approach to ensure a RACH occasion for RedCap UEs is within the bandwidth of a RedCap UE. However, since early identification is under network configuration and may not be used at all, as well as for efficiency reasons, it is of primary important that a RedCap UE is able to share RACH occasions with legacy UEs.
Proposal 2: In addition to sharing RACH occasions with legacy UEs, at least some RedCap UEs may be configured with dedicated RACH occasions.
This examination shows that RedCap and non-RedCap UEs can share RACH occasions if the network ensures those RACH occasions are within the bandwidth of a RedCap UE.
PUSCH / Msg3
The resources (UL grant) of Msg3 are signaled in the MAC CE carried in Msg2. The following parameters affect the location of the grant PUSCH (Table 8.2-1 in [7]): 
· PUSCH frequency resource allocation: the starting location and size of Msg3
· Frequency hopping flag: whether frequency hopping is enabled. If enabled, the generic location of the second half of the PUSCH is offset from the first half by  where k={1,2} and s={1,-1}. The actual values of the offset are listed in Table 8.3-1 of [7]. The following table provides some bounds on the offset.
Table 6. Amount of frequency offset, FR1
	
	15 kHz SCS
	30 kHz SCS

	#RBs in initial UL BWP
	Max BW, MHz
	, MHz, max
	, MHz, max
	Max BW, MHz
	, MHz
	, MHz

	
	10
	5
	2.16
	20
	8.64
	4.32

	
	20
	10
	5
	40
	18.7
	9.36

	
	50
	25
	12.24
	100
	49.3
	24.48



To ensure that the entire PUSCH transmission is within the bandwidth of RedCap UE, the network needs to satisfy two conditions: (1) placing the starting location of the PUSCH (and the allocated RBs) in the bandwidth of the RedCap UE. (2) When hopping is enabled, making sure the offset does not place any RBs of the second half of PUSCH outside the bandwidth of the RedCap UE. If hopping is disabled (or not allowed for RedCap UEs), condition (1) is sufficient.
Some approaches for the network to know whether a Msg3 PUSCH must be within the bandwidth of RedCap UE include:
· Because Msg2 is determined by the RACH occasion used, if the network knows that a RedCap UE used this RACH occasion was used, it knows that all PUSCH should be located in the bandwidth of the RedCap UE.
· For that specific RACH occasion, if there is a set of preambles used by RedCap UEs, the network can also ensure the uplink grant associated with that set of preambles places the PUSCH within the bandwidth of the RedCap UE.
Observation 6: A limited number of specification changes may be needed to ensure PUSCH for Msg3 is within the bandwidth of a RedCap UE.
This analysis shows that RedCap and non-RedCap UEs can share PUSCH resources if the network ensures those PUSCH resources are within the bandwidth of a RedCap UE.
PUCCH
For initial access, the UE acknowledges Msg4 with the transmission of UCI in the PUCCH. When PUCCH format 0 is used, it is transmitted on one or two symbols of a slot, (clause 9.2.1 of [7]). In one of the two symbols, the location is x while in the other symbol, the location is , where x is a function of the CCE containing the DCI, signaling fields within the DCI, and tables within [7]. Basically, the top and bottom RBs within the bandwidth of a RedCap UE are used.
As stated in section 2.2.1, the network signals “An entry into a 16-row table where each row configures a set of cell-specific PUCCH resources/parameters”. If the network supports RedCap UEs, appropriate configuration of the PUCCH parameters is necessary (such as the table and the locationAndBandwidth IE) to ensure that the PUCCH resources are within the bandwidth of a RedCap UE.
When the PUCCH resources are within the bandwidth of a RedCap UE, this analysis shows that RedCap and non-RedCap UEs can share PUCCH resources. 
Discussion
The descriptions of the channels used during initial access show that minor changes in configuration and appropriate network behavior (e.g., “RedCap UE expects”) are needed to ensure a RedCap UE operates within the maximum bandwidth of a RedCap UE. Features available from Rel. 16 and other Rel. 17 work items (when they become available) are sufficient for RedCap UEs.
Proposal 3: The existing set of agreements provides the framework to ensure signals and channels used for initial access are within the maximum bandwidth of a RedCap UE. 
While examining the changes needed for configuring resources for Msg2 / Msg 3, and Msg4 appear to be dependent on RACH, work can continue on those topics by decoupling the dependency. For example, a statement such as “Based on the RACH occasion used by a RedCap UE” or “Based on the preamble selected by a RedCap UE”. 
In addition, the analysis also shows how RedCap and non-RedCap UEs can share resources when the resources are located in the bandwidth of RedCap UEs.
Discussion about FFS
As mentioned, the agreements in RAN1#104 provide a framework to operate a RedCap UE with a reduced bandwidth feature. Further agreements should add to the framework. 
In the main agreement, several FFS are listed. We provide our analysis on them.
Operating in larger BWP
The two FFS focus on whether to allow a RedCap UE to operate in bandwidth is greater than the maximum bandwidth of a RedCap UE. This type of operation should not be allowed.
	· 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 



The reasons for not allowing a RedCap UE to operate in bandwidth greater than the maximum bandwidth of a RedCap UE are:
· The agreements within RAN4 do not allow such behavior. In [14], RAN4 stated: (yellow highlighting)
‘RAN4 agreed that “UE can access the cell if UE supports a channel bandwidth which is equal to or narrower than the channel bandwidth in SIB1 and is equal to or wider than the initial BWP-bandwidth.”
BWP-bandwidth can be configured with any number of RBs equal to or narrower than RB size of the supported channel bandwidths.’
· A new set of UE behaviors and possibly capabilities is needed for this operation. As a result, a RedCap UE would require increased capabilities over non-RedCap UEs, which is contrary to the intent of the WID. 
As analyzed before, with changes to the signaling, initial access can always be completed within the bandwidth of the RedCap UE and resources can be shared with non-RedCap UEs.
Proposal 4: A RedCap UE cannot operate with a BWP larger than the maximum bandwidth of a RedCap UE.
Possible motivations for different signaling
In RAN1#104, there was an FFS of possible motivations to introduce signaling/configurations (the sub-bullets). We express our views for each motivation.
	· 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.



Offloading
Several companies expressed comments regarding offloading in RAN1#104 when a large number of RedCap UEs attempt to access / are connected to the system. The WID excludes LPWA, and the SI/WI traffic and evaluations are geared to fewer UEs than a typical LPWA case. 
Proposal 5. No special enhancements are needed for offloading of RedCap UEs.
Differentiation of RedCap vs non-RedCap UEs
In RAN#91, it was agreed to support early identification as an objective of the WID [1].
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
Early identification can differentiate a RedCap UE from a non-RedCap UE for initial access. Due to the performance impact of the reduced number of receive antennas, the network uses early identification to provide appropriate resources to the RedCap UE during initial access. Once a UE completes initial access, normal capability exchange is used to complete the differentiation. From the analysis above for reduced bandwidth, a network can use early identification to allow RedCap UE to share resources with non-RedCap UEs as well as operate with a reduced number of antennas. This is a matter of configuration to have a RedCap UE operate with its reduced capabilities.
Proposal 6: Differentiation should be discussed as part of the early identification design.
Different BWP#0
For a UE point of view, it is configured with parameters for a BWP#0. It is transparent to the UE whether the BWP#0 is the same or different for RedCap and non-RedCap UEs. We are fine to study having different BWP#0 with the caveat that the goal is to have a minimum effort to support and to have no major changes to the standards. But having a different BWP#0 may not be necessary as the above analysis shows RedCap and non-RedCap UEs can share resources.
In [8], two different BWP#0 options for non-RedCap UEs are shown:
· Opt. 1, in which both RedCap and non-RedCap UEs use the same BWP#0. Note that this option can always be selected.
· Opt. 2, in which a RedCap UE has one BWP#0 and a non-RedCap UE has a possibly different BWP#0. 
If there is interest, a study should focus on minimal specifications changes for RedCap UEs in case the non-RedCap UEs use opt. 2. There should be no optimization for this case.
RF retuning
During the discussions of RACH occasions in RAN1#104, several companies expressed interest about retuning times. An LS was even considered. An examination of timing related to switching may provide some estimates for retuning.
· From a historical perspective, for LTE MTC devices, RAN4 provided values for retuning 6 RBs within a 20 MHz bandwidth in [10]. (Numerically, this is about 142 µs.)
“The maximum retuning time between narrowband regions for MTC is 2 symbols including CP length (assuming normal CP)”
· In the analysis of BWP switching for NR, RAN4 examined several scenarios. In [11],
“for intra-band operation, at least for sub6, the transition time is 50~200 µs if the center frequency is different before and after the bandwidth adaptation, regardless other conditions listed in the LS”.
· Further, in [9], the LS defines scenario 1 for NR:
“The reconfiguration involves changing the center frequency of the BWP without changing its BW. The reconfiguration may or may not involve changing the SCS.”
The two delays are 0.6 ms and 2 ms for DCI-based and timer-based BWP switching. In [4], Table 8.6.2-1 specifies two values (based on UE capability) for the BWP switching delay for each numerology. For Type 1 switching (the smaller values), the switching delay is about 0.75 to 1 ms.
· Carrier switching: intraband UL / SUL switching (switch time is 0 µs); interband (UL / SUL switching (switch time is {35, 140, 210} µs with the capability uplinkTxSwitchingPeriod);
· Note as a baseline, TDD switch time is (25600 Ts=13 µs for FR1). 
Based on Rel. 15 values, it seems that about 200 µs could be an estimate for retuning. Of course, RAN4 would have to provide the actual values, and it may be worth asking RAN4 what values should be used for RedCap. 

[bookmark: _Ref129681832]Conclusion
In this contribution, we examined the agreements for RAN1#104 and show that those agreements are sufficient to make significant progress on the bandwidth reduction feature. In addition, analysis shows how RedCap and non-RedCap UEs can share resources when the resources are located in the bandwidth of RedCap UEs.
Observation 1: While sharing SSB/CORTESET#0 between RedCap and non-RedCap UEs, the analysis confirms that no values are more than 20MHz for FR1.
Observation 2: A RedCap UE is always able to receive the PDCCH within its initial DL BWP. No changes for RedCap UEs and PDCCH are necessary in the specifications.
Observation 3: By configuring which RACH occasion a RedCap UE can use, the network can ensure the PDSCH for Msg2/MsgB is within the bandwidth of the RedCap UE.
Observation 4: the maximum bandwidth of each RACH occasion is less than the maximum bandwidth of a RedCap UE. 
Proposal 1: RedCap UEs can share RACH occasions with legacy UEs
· A subset of RACH occasions can be indicated with a mask, thereby ensuring that all occasions are within the RedCap UE bandwidth
Observation 5: Option 3 ensures the RACH occasion is within the bandwidth of a RedCap UE as this option requires minimal changes and no new elements.
Proposal 2: In addition to sharing RACH occasions with legacy UEs, at least some RedCap UEs may be configured with dedicated RACH occasions.
Observation 6: A limited number of specification changes may be needed to ensure PUSCH for Msg3 is within the bandwidth of a RedCap UE.
Proposal 3: The existing set of agreements provides the framework to ensure signals and channels used for initial access are within the maximum bandwidth of a RedCap UE. 
Proposal 4: A RedCap UE cannot operate with a BWP larger than the maximum bandwidth of a RedCap UE.
Proposal 5. No special enhancements are needed for offloading of RedCap UEs.
Proposal 6: Differentiation should be discussed as part of the early identification design.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref60902124]RP-202933, “New WID on support of reduced capability NR devices”, Ericsson, Nokia, RAN#90e, Dec. 7-11, 2020.
[bookmark: _Ref65593867][bookmark: _Ref60993381][bookmark: _Ref60994040]Chairman Note, RAN1, RAN1#104, Jan. 25 - Feb. 5. 2021.
[bookmark: _Ref65591617]38.331
[bookmark: _Ref61373645][bookmark: _Ref67671614]38.133
[bookmark: _Ref67302930]38.212
[bookmark: _Ref66107432]38.211
[bookmark: _Ref66199803]38.213
[bookmark: _Ref67554463]R1-2003842, “Feature lead summary for Maintenance of UL Signals and Channels”, Ericsson, RAN1#101, May 25– June 5, 2020
[bookmark: _Ref67303082]R1-1803602, “LS on BWP switching delay”, RAN4, Intel, RAN1#92B, Apr. 18-22, 2018.
[bookmark: _Ref67670830]R1-155051, “Reply LS on retuning time between narrowband regions for MTC”, Ericsson, RAN1#82B, Oct. 10, 2015.
[bookmark: _Ref67671266]R4-1702029, “Reply LS on UE RF Bandwidth Adaptation in NR”, MediaTek, RAN4#82, Feb. 13-17, 2017.
[bookmark: _Ref67895364]38.321
[bookmark: _Ref67896245]R1-2101852, “FL summary #4 for UE complexity reduction for RedCap”, Ericsson, RAN1#104, Jan. 25 - Feb. 5. 2021.
[bookmark: _Ref68528639]R1-1909965, “LS reply on supported BW for initial BWP”, RAN4, RAN1#98b, Oct. 14-18, 2019.
[bookmark: _Ref68558229]R1-2102779, “RX branch reduction for RedCap UEs”, FUTUREWEI, RAN1#104b, Apr. 12 – 20, 2021.



