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Introduction
After furth discussion in the last RAN1, it concludes for the several aspects of enhanced RedCap. More agreements are reached in the last meeting. The following are condensed from the gradually reached agreements.
Agreement 
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,
· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs

Agreement 
For UE BB bandwidth reduction, for SIB1 (PDSCH),
· Allow the scheduling of SIB1 to be larger than 5 MHz (as in legacy operation)
· FFS: UE post-FFT buffering “assumption”

Agreement
For UE BB bandwidth reduction, for PUSCH, down-select between the following options for the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
 
For UE BB bandwidth reduction, for PDSCH (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· Option 3: 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
 
Same option will be selected for both PDSCH (at least for unicast) and PUSCH.

Agreement
For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

Agreement
For UE BB bandwidth reduction, for broadcast OSI (PDSCH),
· Allow the scheduling of broadcast OSI (PDSCH) to be larger than 5 MHz (as in legacy operation)
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous


Agreement
· UE peak data rate reduction is supported at least as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X.
· FFS: the value of X 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.

Agreement 
For UE BB bandwidth reduction, a UE is not expected to receive an UL grant in a DCI with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
 
Agreement
· For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.

In this contribution, we further analyze solutions on top of the progress made so far. The further details of RedCap enhancement are discussed.
[bookmark: _Hlk115464106]UE BB bandwidth reduction
Broadcast and unicast PDSCHs
The current discussion of UE BB bandwidth reduction restricts the unicast PDSCH is in 5MHz range. However, SIB1 and OSI is now accepted for wider bandwidth as legacy UE, which means the Rel-17 RedCap UEs. This is due to the reason that the broadcast channel may serve for both legacy UE and Rel-18 RedCap UE. Relaxing the broadcast channel will improve the resource utilization. And the network doesn’t have to earlier identify the Rel-18 RedCap UE, which is very hard to additionally be distinguished with the earlier introduced ones. 
We further understand the conclusion means the Rel-18 RedCap UE have to support 20MHz processing capability at least for the broadcast channels. For UE side, the data processing of downlink broadcast and unicast would share the buffer and processing resources. Then the overall data processing should then increase similar as Rel-17 RedCap UE, from the perspective of post-FFT. The channel coding would be not so stringently required for broadcast channel, as the channel do not require HARQ feedback. Then, for this point of view, unicast part can be still saved for channel coding/decoding.
The question is then back to the necessary of restricting unicast PDSCH within the 5MHz bandwidth. Since the broadcast is relaxed, the unicast can also be relaxed due to the sharing of procession resources. The unicast PDSCH PRB can be actually distributed to 20MHz bandwidth. But the number of PRBs for unicast PDSCH still should not exceed 5MHz to allow smaller capability of channel coding/decoding.
The resource allocation does not need any optimization as this will have less room of optimization. Also, the resource allocation indication types don’t have to be specially treated for RedCap UEs.


Figure1. UE unicdata operating in 5MHz bandwidth.
[bookmark: _Hlk118705456]Proposal 1: Number of RBs for unicast PDSCH should not exceed 5 MHz in total. The RBs can be distributed in 20MHz BB bandwidth.
Reusing the resource allocation types based on active BWP bandwidth for RedCap UE.
For the other channel like Msg2 PDSCH, which may carry RAR, we see there could be less likely to schedule larger number of PRB even for legacy terminals. And, the RAR response should also be performed in timely manner. Then, that channel should follow the similar restriction as for unicast PDSCH.
For Paging PDSCH, it also doesn’t have strong motivation to increase processing capability. The different UE’s RNTI can also be grouped and there will be no problem for multiplexing with legacy UEs. Even paging channel may not require fast processing, the BB bandwidth do not need to be increased to 20MHz.
Proposal 2: Number of RBs for Paging PDSCH should not exceed 5 MHz in total. Number of RBs for RAR PDSCH should not exceed 5 MHz in total. 
RAN1 specification can introduce direct restriction of bandwidth in the specification. The specification like UE capability can capture that UE should not be scheduled with larger number of RBs. However, this “number of RB”, whether it is agreed as contiguous or distributed over wider bandwidth, should be different to the definition in 38.101, which is listed in the 5.3 as the system bandwidths.  38.101 list it system bandwidth for RF requirements purpose. 
For the exact number of RB, we had discussed the issue and the number of RB should be 12 for 30kHz SCS. That can allow better resource allocation and make it usable for UL data with DFT-S-OFDM wave form.
Table 1. RB restriction for data
	SCS (kHz)
	5 MHz
	DFT size for UL

	
	NRB
	a * b * c  RB

	15
	25
	5*5

	30
	11 12
	3*4






Proposal 3: Introduce the restriction of number for RBs allocated to PUSCH/PDSCH for different subcarrier spacings in the UE.
25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS

As for the specification change, the scheduling restriction can be the straight forward solution if the previous proposal can be agreed. In the 38.214, we can state that the maximum number of RB allocated to the UE should not exceed the value per each SCS defined as UE capability. This restriction can be applied for broadcast channel’s PDSCH, when applicable.
Proposal 4: In the 38.214, we can state that the maximum number of RB allocated for unicast PDSCH to the UE should not exceed the value per each SCS defined as UE capability.
Peak data rate reduction
The peak data rate of UE would be also reflected in the UE capability specification, as the main specification impact of PR. It was further agreed the case that a factor X is selected to replace ‘4’, when PR is add-on to  
WID had recommend to set the direct reduce the component  is no smaller than 1, instead of 4. We understand that this is to have the same scaling as BW reduction from 20MHz to 5MHz. And it is naturally matching with the bandwidth reduction. 
We considered 2 possibilities of realizing the reduction. However, all the possibility seems to be capture in the text of 38.306.
In that specification, is all due to the data rate of UE capability defined as following: 

“”


The  is the maximum RB allocation in bandwidth . And, that bandwidth refers the 38.101, which is defining the possible maximum system bandwidth. 

We can replace them  with “UE maximal number of allocatable RBs for the UE” to  fulfill PR1 
Or, we can specify that the component  is no smaller than ‘X’, in the follow specification text. X=1 for Rel-18 UE and X=1 otherwise. 
We can consider the latter based on the previous discussion.
Proposal 5: RAN1 introduce restriction  is no smaller than 1 only in case of Rel-18 RedCap UE, in the UE capability specification.
In general, both BW3 and PR1 mentioned in above can be described in UE capability specification to have a consolidated definition.
Conclusion
In this contribution, we have discussed and analyzed the further enhancement of the RedCap devices. For the bandwidth reduction, data rate reduction and how to combined them. We discussed the motivation and benefit of the method. The potential changes are to be considered together with UE capability specification.
As summary, we propose:
Proposal 1: Number of RBs for unicast PDSCH should not exceed 5 MHz in total. The RBs can distributed in 20MHz BB bandwidth.
Reusing the resource allocation types based on active BWP bandwidth for RedCap UE.
Proposal 2: Number of RBs for Paging PDSCH should not exceed 5 MHz in total. Number of RBs for RAR PDSCH should not exceed 5 MHz in total. 
Proposal 3: Introduce the restriction of number for RBs allocated to PUSCH/PDSCH for different subcarrier spacings in the UE.
25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS
Proposal 4: In the 38.214, we can state that the maximum number of RB allocated for unicast PDSCH to the UE should not exceed the value per each SCS defined as UE capability.
Proposal 5: RAN1 introduce restriction  is no smaller than 1 only in case of Rel-18 RedCap UE, in the UE capability specification.
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