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Introduction
The Rel-17 study item on Reduced Capability NR devices was approved in [1] and updated in [2]. The WI has been updated in RAN#90 [3] and in RAN#91[4].
	WI [4]:
· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.


Initial UL BWP for RedCap UEs
RAN1#104bis-e made the following agreements related to initial UL BWP configuration:
	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.



In the uplink the initial BWP is typically configured wider than the maximum RedCap UE BW. Option 3 would represent a significant restriction for the scheduling of non-redcap UEs. Therefore, we prefer Option 1 and Option 2. Option 2 is straightforward but risks fragmenting PRACH/PUSCH resources by establishing a rigid split between RedCap and non-RedCap resources. Option 1 maximizes the opportunity for frequency diversity and flexible allocation of resources. Long frequency hops for PUCCH between the two edges of the BWP are practical for frequency diversity and in avoiding the fragmentation of PUSCH allocations as well. Yet, Option 1 needs to handle certain challenges: long frequency hops requires RF retuning, which will erase a certain number of symbols; measurements can only be accomplished over the range of the actual RF bandwidth; etc. 
With Option 1, too, certain scheduling restrictions seem necessary. Transmissions should not be punctured. Scheduling should be restricted so that it allows for RF retuning between subsequent uplink transmissions or downlink receptions. PUSCH frequency hopping could be supported between repetitions by allowing a time gap for the re-tuning between the repetitions. Thus the TBS calculation would take into account the re-tuning time gap, and the first symbol following the frequency hop would carry DMRS.
Frequency hopping with a retuning time gap could be supported with long PUCCH transmission as well. To preserve the orthogonality of the PUCCH allocations amongst UEs we propose that the applied orthogonal cover code be selected based on the number of transmitted symbols, and all UE’s (RedCap or non-RedCap) multiplexed on such resources omit transmission in the time gap. 
In option 1, scheduling of Msg1/Msg2/Msg3/Msg4 needs to take into account the delay necessary for RF retuning, if there is any.
Proposal 1: RedCap UEs can use the same UL initial BWP as non-RedCap UEs even when it is wider than the RedCap UE bandwidth. 
Proposal 2: Support frequency hopping with proper RF-retuning between PUSCH repetitions. 
Proposal 3: Support frequency hopping with proper RF-retuning for long PUCCH transmissions. Select OCC based on the number of transmitted symbols excluding the time gap used for retuning.
Bandwidth-part switching enhancement 
The delay of dynamic BWP switching is an integer number of slots measured from the start of the slot where the switch is initiated by a triggering DCI, to the start of the slot where the earliest transmission may occur. Table 1 specifies this delay according to UE capability.  
The goal should be to support seamless frequent BWP switching, e.g. once per 10 ms. On one hand, the switching time needs to be reduced (without increasing the device complexity), on the other, the switching needs to be transparent to the scheduling.     
Techniques to reduce the BWP switch delay should be studied. These may include restrictions to the reconfiguration and/or enhancements to the triggering mechanism. We propose that the dynamic trigger is sent in advance and the switching starts at the start of the next (or the specified following) slot. The changes in the configuration should be restricted in order to reduce the length of the switching.  
Resources scheduled before the fast BWP switching should be unambiguous. Seamless scheduling across the fast BWP switching is possible in two ways. Either the RRC configured TDRA tables, K1 table, PUCCH resources, etc., i.e., the relevant configurations, do not change between the current and next BWPs, or each scheduling DCI also carries the set flag that triggers the BWP change, thus the fact of switching is known by the UE at the time of the scheduling. If a specific resource is scheduled after the slot where the switching starts then the configurations of the next BWP are used to determine the scheduled resources (e.g. PUCCH carrying HARQ-ACK). In the extreme case, a fast switch is only supported between BWPs with identical configurations apart from the center frequency. The set of center frequencies could be restricted as well. 
Table 1. BWP switch delay
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Proposal 4: The dynamic trigger for fast BWP switching is sent ahead of the slot in which the switching is started.
Conclusions
In this contribution we made the following observation: 
Observation 1: Resources scheduled before the fast BWP switch should be unambiguous. Either the relevant configurations do not change between the current and next BWPs or the fact of switching is known by the UE at the time of the scheduling.
In this contribution we made the following proposals:
Proposal 1: RedCap UEs can use the same UL initial BWP as non-RedCap UEs even when it is wider than the RedCap UE bandwidth. 
Proposal 2: Support frequency hopping with proper RF-retuning between PUSCH repetitions. 
Proposal 3: Support frequency hopping with proper RF-retuning for long PUCCH transmissions. Select OCC based on the number of transmitted symbols excluding the time gap used for retuning.
Proposal 4: The dynamic trigger for fast BWP switching is sent ahead of the slot in which the switching is started.
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Table 8.6.2-1: BWP switch delay

4 | NRSlot | BWP switch delay Tewrsuianoety (S1015)
length
(ms) Type v Type 2%
0 1 1 3
1 05 2 5
p) 025 3 9
3 0.125 6 18
Note 1. Depends on UE capabilly
Note 2. If the BWP switch involves changing of SCS, the BWP

switch delay is determined by the smaller SCS between
the SCS before BWP switch and the SCS after BWP

switch.





