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Introduction
In RAN#91 WID on reduced capability has been updated in [1]. In RAN1#104b-e several agreements related to initial access of RedCap UE has been agreed:

	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).
 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)
 
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.
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.
 
 
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.



On RedCap UE BWP framework
As seen from above, several working assumptions were made in spirit of majority view precluding RedCap UE operation within BWP larger that 20MHz. In this section, we discuss consequences of this selected direction and asses an alternative approach. 

SSB within active BWP 
R15/R16 eMBB NR UE supports only the case where an active BWP comprises a SSB. As part of optional feature (i.e. FG 6-1A) a UE may support active BWP not comprising a SSB. However, this would require changes to synchronization procedures of current implementations, to support synchronization based purely on TRS, and support RRM RSRP/RSRQ measurements based on CSI-RS without SSB in the BWP (FG1-5a) as well. 

Observation-1: A RedCap UE not having SSB in active BWP would need to support at least optional features
· FG 6-1a including at least synchronization based purely on TRS, 
· RSRP/RSRQ measurements of serving cell based on CSI-RS (FG1-5a).
Assuming that RedCap UE supports only baseline capability BWP FG 6-1 (one dedicated BWP including SSB), it becomes trapped within BW of CORESET#0 and SSB in DL. This means that a gNB operating in 3.5Ghz band with 100MHz must serve all baseline RedCap UEs of the cell within BW overlapping with CORESET#0/SSB, i.e. the same resources that are used also for Idle paging, SIB broadcast and random access. 

Above congestion may be alleviated by introducing specification changes, e.g. introducing a support of second/auxiliary SSB within the wide gNB cell, at the cost of spectral efficiency of the cell or a RedCap UE must support FG 6-1a (dedicated BWP without SSB). Contrary, if RedCap UE capable of RF retuning is allowed to operate with wide BWP, the UE may operate with baseline BWP capability FG 6-1.  

Observation-2: For RedCap UE offloading within a wide cell carrier, if a RedCap UE is allowed to operate only within narrow BWP (max 20MHz), it requires to support FG 6-1A or a gNB must transmit second/auxiliary SSB within the cell. 

Observation-3: For RedCap UE offloading within a wide cell carrier, if a RedCap UE is allowed to operate within wide BWP (larger than 20MHz), baseline BWP capability FG 6-1 is sufficient.

Cell-specific and dedicated carrier in R16 and RF requirements
R15 and R16 assumption is that all UEs shall support 100MHz channel BW. Therefore, RAN4 defined RF requirements for each supported carrier BW in R15. If UE’s active BWP is smaller than 100MHz carrier, a UE may reduce its RF BW, still RF requirements for 100MHz apply. Therefore, first of all RF requirements are not dependent on BWP size. Secondly, RedCap UE would need to be configured with dedicated carrier after initial access, a single dedicated carrier is supported by R16 specification. Therefore, R16 specification does not support multiple non-overlapping BWPs for RedCap UEs at the moment, to our understanding. Whether multiple non-overlapping carriers would be supported for RedCap UE or requirements apply per RB-set of a wide carrier is for further study. However, since RB-sets are primarily property of a carrier later solution sounds more straightforward. 

Observation-4: R15 nor R16 specification supports multiple 20MHz wide non-overlapping BWPs for a band-limited UE.  

Observation-5: New way of how RF requirements are defined is needed for RedCap UE to support offloading within a wide gNB cell, e.g. network must configure by dedicated RRC multiple UE-specific carriers/RB-sets to a RedCap UE. 
 
Proposal-1: When a configured cell-specific carrier is larger than RedCap UE maximum supported BW, define RF requirements per one or more RB-sets of the carrier. 

Proposal-2: RAN1 to consider also alternative, where RedCap UE operates within BWP larger than UEs maximum supported BW.

On operation of RedCAP UEs in initial DL and UL BWP larger than 20MHz

Operation using RB-sets
In R16, RB-sets correspond roughly to ~20MHz bandwidth and separate gNB carrier to N non-overlapping chunks. Moreover, for carriers of 40,60 and 80, there is a default position defined for the RB-sets within a carrier. For the remaining channel BW, default RB-sets could be also defined. Such, a RedCap UE could perform initial access within a pair of DL and UL RB-sets, this enabling operation of RedCap UEs with minimum change to system broadcast information. 
To simplify the design, guard-bands between RB-sets could have own defaults or ccould be configured explicitly in SIB1, such gNB carrier BW can be used efficiently. For example, 217-RB 80MHz carrier, can have default RBset-GB-RBset…-RBset sizes of 51 – 4 – 51 – 5 – 51 – 4 – 51, for RedCap UE.
Furthermore, to enable gNB to adapt initial access capacity to its load, repetitions of ROs and CORESE#0 may be indicated. An example is shown in Figure 1. SIB1 defines ROs for REDCAP UEs as well as repetitions of ROs and replication of CORESET#0 to other RB-sets. When load decreases, gNB may remove replications from the cell and vice-versa. 
Proposal-3: RedCap UE performs initial access in UL and DL RB-set pair that contains CORESET0 and may contain ROs dedicated to a RedCap UE or legacy ROs, all confined within corresponding DL RB-set resp. UL RB-set.  
· For offloading purposes, gNB may configure repetitions of CORESET#0/CommonCORESET and ROs in other DL and UL RB-sets 
In Figure 1, legacy UEs have own ROs which may span anywhere in the initial UL BW. RedCap UEs have their own ROs, confined within a RB-set.
[image: ]
Figure 1 Example of multiplexing Legacy and REDCAP UEs

Specification effort to support RedCap UE operation with SSB

Several companies argued in RAN1#104b that enormous specification effort is to support operation of band-limited UE within wide BWP. However, this does not seem to hold. 

A BWP has two main functions: (i) to provide a scheduling reference (ii) to carry a set of parameters which are active when the BWP is active for a UE. 

When a RedCap UE operates in BWP which is wider that its maximum supported BWP, this does not cause reception transmission issues if gNB does not configure a channel or signal larger than 20MHz within the BWP and gNB does not scheduled channel or signal larger than 20MHz.  Furthermore, some companies pointed out that retuning cause a problem of where a UE should place the DC sub-carrier. However, this can be alleviated if further signal(s) and/or channel(s) are to be confined to a RB-set and RB-sets within carrier are non-overlapping.

Proposal-4: For the case when a RedCap UE is configured to be wider than the RedCap UE bandwidth, reuse the R15/R16 specification with the following two restrictions
· A UE is not expected to be configured within the BWP with concurrent signal(s) and/or channel(s) larger than RedCap UE bandwidth
· A UE is not expected to be scheduled within the BWP with a signal(s) and/or channel(s) larger than RedCap UE bandwidth
· FFS: how to treat RF retuning gap
· FFS: signal(s) and/or channel(s)must be confined with a RB-set.

Furthermore, it was discussed how to support frequency-hopping/interleaved-VRB within BWP wider than the RedCap UE bandwidth. There are two simple options: A hopping/interleaving may not be supported or hopping and VRB-2-PRB interleaving reference may be the RB-set where the signal or channel has been scheduled, this is analogical/straightforward to using CORESET#0 as reference for VRB in R15. The later requires a specification change, but provides a solution for RedCap UE to harvest diversity gain in 20MHz.
Proposal-5: If intra-slot frequency hopping is supported within BWP wider than the RedCap UE bandwidth, a reference for hopping/interleaving is the RB-set of a BWP.

Finally, some companies complained that frequency hopping results in large power consumption. However, amount of RF retuning would be dependent on UE’s configuration and scheduling. If all signals and channels are configured within one part/RB-set of the wide BWP, a UE would need to re-tune only to read SSB or Paging. This clearly does not significantly increase power consumption if smart gNB operates RedCap UE. 
Observation-6: Radio frequency retuning and corresponding increased power consumption is dependent on gNB implementation. With proper configuration and scheduling RF retuning may be limited to reading SSB or paging.
Based on discussion in this section, the operation of RedCap UE within the large BWP does not cause significant specification impact. Contrary, it allows RedCap UE to operate with baseline capabilities, and retune to cell-defining SSB/broadcast when needed in RRC-connected.   

Proposal-6: Working assumption: A RedCap UE is allowed to be configured with a BWP larger than its maximum supported BW. 
Conclusions 
In this contribution we discussed issues related to BWP framework for RedCap UE and we had the following observation and proposals:
Observation-1: A RedCap UE not having SSB in active BWP would need to support at least optional features
· FG 6-1a including at least synchronization based purely on TRS, 
· RSRP/RSRQ measurements of serving cell based on CSI-RS (FG1-5a).
Observation-2: For RedCap UE offloading within a wide cell carrier, if a RedCap UE is allowed to operate only within narrow BWP (max 20MHz), it requires to support FG 6-1a or a gNB must transmit second/auxiliary SSB within the cell. 

Observation-3: For RedCap UE offloading within a wide cell carrier, if a RedCap UE is allowed to operate within wide BWP (larger than 20MHz), baseline BWP capability FG 6-1 is sufficient.
Observation-4: R15 nor R16 specification supports multiple 20MHz wide non-overlapping BWPs for a band-limited UE.  

Observation-5: New way of how RF requirements are defined is needed for RedCap UE to support offloading within a wide gNB cell, e.g. network must configure by dedicated RRC multiple UE-specific carriers/RB-sets to a RedCap UE. 

Proposal-1: When a configured cell-specific carrier is larger than RedCap UE maximum supported BW, define RF requirements per one or more RB-sets of the carrier. 

Proposal-2: RAN1 to consider also alternative, where RedCap UE operates within BWP larger than UEs maximum supported BW.
Proposal-3: RedCap UE performs initial access in UL and DL RB-set pair that contains CORESET0 and may contain ROs dedicated to a RedCap UE or legacy ROs, all confined within corresponding DL RB-set resp. UL RB-set.  
· For offloading purposes, gNB may configure repetitions of CORESET#0/CommonCORESET and ROs in other DL and UL RB-sets 
Proposal-4: For the case when a RedCap UE is configured to be wider than the RedCap UE bandwidth, reuse the R15/R16 specification with the following two restrictions
· A UE is not expected to be configured within the BWP with concurrent signal(s) and/or channel(s) larger than RedCap UE bandwidth
· A UE is not expected to be scheduled within the BWP with a signal(s) and/or channel(s) larger than RedCap UE bandwidth
· FFS: how to treat RF retuning gap
· FFS: signal(s) and/or channel(s)must be confined with a RB-set defining a RedCap carrier.
Proposal-5: If intra-slot frequency hopping is supported within BWP wider than the RedCap UE bandwidth, a reference for hopping/interleaving is the RB-set of a BWP.
Observation-6: Radio frequency retuning and corresponding increased power consumption is dependent on gNB implementation. With proper configuration and scheduling RF retuning may be limited to reading SSB or paging.
Proposal-6: Working assumption: A RedCap UE is allowed to be configured with a BWP larger than its maximum supported BW. 
References 
[1] [bookmark: _Ref68548406]RP-210918, “Revised WID on support of reduced capability NR devices”, Nokia, Ericsson
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