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

	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.
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



In this contribution, we provide our view on how RedCap UEs should be served with the legacy UEs in the same cell.
On operation of RedCAP UEs in initial DL and UL BWP larger than 20MHz
Based on the discussion preceding above agreement, RAN1 acknowledged that CORESET#0 cannot be larger than 20MHz which is the maximum supported BW of a RedCap UE. On the other hand, initial UL BWP could be larger than 20MHz for legacy UEs. At the same, it is open whether initial UL BWP can be different for RedCap UE or different groups of RedCap UEs could even have each own initial UL BWP. This to enable gNB to off-load initial access procedure in frequency domain when cell is wide. 
In our opinion, all the above can be achieved using functionality already supported by R16 specification called 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. 
For RedCap UEs, guard-bands between RB-sets can have own defaults or can 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. 
Proposal-1: 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 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

After initial access, UE could be configured with multiple dedicated BWPs or operate in wide BWP based on RB-sets. In our opinion, the later option would be more suitable for UE with reduced capability, since configuration overhead can be significantly reduced. 
Observation-1: Further discuss, whether RRC connected UE shall operate within multiple RB-sets of wide BWP or multiple narrow dedicated BWP will be configured to the UE. 
UE may transmit MSG3 in the same RB-set where it transmitted RACH. This is already specified behavior in R16 for TYPE-2 resource allocation. This would simplify the initial access for RedCAP UE, because it does not need to retune UL after PRACH. Alternatively, such RB-set could be pre-configured by gNB, given the RB-set containing CORESET that carrier MSG2. 
Proposal-2: For DCI format 0_0 with CRC scrambled by TC-RNTI, UE expects to receive UL resource allocation within uplink RB-set that is the same one in which the UE transmits the PRACH associated with the RAR UL grant.
Finally, such operation enables low complexity implementation, since there is a limited set of frequencies within a carrier, where UE needs to retune, for example in case of 80MHz carrier, 4 in DL and 4 in UL. Since RF retuning is happening within 80Mhz, the RF retuning delay should be relatively small. 

Conclusions 
Proposal-1: 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 resp. UL RB-set.  
· For offloading purposes, gNB may configure repetitions of CORESET#0/CommonCORESET and ROs in other DL and UL RB-sets  
Observation-1: Further discuss whether RRC connected UE shall operate within multiple RB-sets of wide BWP or multiple narrow dedicated BWP will be configured to the UE. 
Proposal-2: For DCI format 0_0 with CRC scrambled by TC-RNTI, UE expects to receive UL resource allocation within uplink RB-set that is the same one in which the UE transmits the PRACH associated with the RAR UL grant.
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