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Introduction
In RAN1#111 [1], the following agreements have been made for UE bandwidth reduction and UE peak data rate reduction. 
	Paging bandwidth
Agreement
From RAN1 perspective, for UE BB complexity reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation).
Msg3 bandwidth
Agreement:
For UE BB complexity reduction, a UE is not expected to receive an UL grant in a RAR or in a DCI scrambled with TC-RNTI with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
RAR bandwidth
Agreement:
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
· Note: it does not mean early indication is needed
· Note: it will not be used as example for unicast PDSCH
PDSCH bandwidth
Agreement:
For UE BB complexity reduction, a UE is able to receive a DL assignment in a DCI with a unicast PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The number of PRB scheduled in DCI is not larger than the maximum number of PRB agreed in previous agreement from 110b-e
Maximum number of PRBs 
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 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 (for both unicast and broadcast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· 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 and PUSCH.
Peak data rate target
Agreement
· The minimum DL peak rate target (for FD-FDD) is [10] Mbps based on peak data rate calculation according to 38.306.
· The same value for X is used for DL and UL


In this contribution, further reduced UE complexity in FR1 is discussed. 

On UE BB bandwidth reduction
This section will discuss UE baseband bandwidth reduction scheme.
On processing time between RAR PDSCH and Msg3
In previous meeting [1], for UE BB channel bandwidth reduction, the following agreements on RAR were made. 
	Agreement:
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, the scheduling of RAR PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.
· When the scheduling of RAR PDSCH is within the maximum number of unicast PRBs that the UE can process per slot, the legacy time between RAR reception and Msg3 transmission (not smaller than NT,1 + NT,2 + 0.5 ms) is applied.
· When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot,
· The UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
· FFS: value(s) of X
· Otherwise, the UE behavior is up to the UE implementation.
· Note: it does not mean early indication is needed
· Note: it will not be used as example for unicast PDSCH


When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot, there are two alternatives for the UE to process the RAR PDSCH. 
· Alt#1: UE buffers the RAR PDSCH, then processes no more than 5 MHz part per slot until the entire RAR PDSCH is processed. 
· Alt#2: UE only processes 5 MHz part of the RAR PDSCH.
For Alt1, there is no performance degradation since the whole RAR PDSCH is received. And Alt1 has the benefits to share RAR PDSCH with legacy UEs without additional resource overhead. For Alt2, only parts of RAR PDSCH is received, the performance degradation is expected. As evaluated in Table 8.1.2-7 of [3], the performance degradation is similar to that for one-shot decoding of SIB1, which is 11.24dB. Therefore, Alt 1 is preferred.
For Alt1, since more time are needed for UE to first buffer then process RAR PDSCH, the processing time between RAR PDSCH and Msg3 should be relaxed. Thus, in previous meeting, it is agreed that UE receives the RAR and correspondingly transmits Msg3 if the TDRA for Msg3 in UL grant in RAR indicates that the time between RAR reception and Msg3 transmission is NOT smaller than NT,1 + NT,2 + 0.5 + X ms.
NT,1 represents the processing time of PDSCH, the value of X can be comparable to NT,1. Considering that the UE can only process 5 MHz part of the RAR PDSCH per slot and the scheduling of RAR PDSCH is up to 20MHz, the value of X can be set up to 3NT,1. Furthermore, because NT,1 also includes some processing time of PDCCH, the exact value of X for PDSCH processing can be 2NT,1.
So, we have the following proposal:
Proposal 1: The value of X can equal to 2NT,1.

On UE maximum supported PRB number
For UE maximum supported PRB number, the following agreements was made in last meeting [1]:
	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 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 (for both unicast and broadcast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· 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 and PUSCH.




Both option 3 and 4 can meet UE peak data rate of 10 Mbps. In 38.211, if DFT-s-OFDM waveform is applied, the maximum number of PRBs should be fulfilled to the equation below, where  is a set of non-negative integers. If  = 2,  = 1, and  = 0,  equals to 12. However, there are no appropriate values of  to make equals to 11. In other words, the maximum number of PRBs 11 can never be scheduled for DFT-s-OFDM.
[image: ]
Thus, we have the following proposal:
Proposal 2: For UE BB bandwidth reduction, option 3 for the maximum number of PRBs is supported for PDSCH and PUSCH.

On separate early indication
In RAN#98e [2], it is agreed that R18 RedCap UE supports additional separate early indications. 
In Rel-17, early indications by Msg3 and/or Msg1/MsgA is supported. the similar indication mechanism can be reused for Rel-18 RedCap. The detailed indication is up to RAN2.
Proposal 3: For UE BB bandwidth reduction, separate early indication(s) can be delivered by Msg3 and/or Msg1/MsgA.

On additional separate initial BWP
For additional initial DL/UL BWP operation, the following agreements were made.
	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




In our view, the current initial DL/UL BWP configuration mechanism for Rel-17 RedCap UEs can be fully reused to Rel-18 RedCap UEs. No specification changes are needed. About the concern of accessing capacity impact, it may need system level simulation result to justify it. Thus, we have the following proposal:
Proposal 4: An additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is not necessary and not supported.

On UE peak data rate reduction
For UE peak data rate reduction, the following agreements were made.
	Agreement
· The minimum DL peak rate target (for FD-FDD) is [10] Mbps based on peak data rate calculation according to 38.306.
· The same value for X is used for DL and UL 


In RAN#98e, it is agreed that the minimum peak data rate is 10Mbps. The value for X will be discussed through such below situations. Based on the PDSCH/PUSCH bandwidth reduction, the downlink peak data rate is more than 13Mbps calculated by the equation below when X equals to 4 (vLayers·Qm·f ≥ 4) and SCS is 15kHz.

 
As an add-on technique, to meet the downlink peak data rate of 10 Mbps, the constraint value X can be relaxed. For SCS=15 kHz, where , Rmax = 948/1024, , μ=0，  in the equation below to ~3. While for SCS=30 kHz, assuming  , the constraint value X should be relaxed to ~3.2. So, taking the two cases together, the relaxed value should be 3.2.
[bookmark: _Hlk127544297]Proposal 5: For UE peak data rated reduction which is supported as an add-on to UE BB bandwidth reduction, the constraint value X can be relaxed to up to 3.2.

Conclusions
Based on the analysis, we have the following proposals:
Proposal 1: The value of X can equal to 2NT,1.
Proposal 2: For UE BB bandwidth reduction, option 3 for the maximum number of PRBs is supported for PDSCH and PUSCH.
Proposal 3: For UE BB bandwidth reduction, separate early indication(s) can be delivered by Msg3 and/or Msg1/MsgA.
Proposal 4: An additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is not necessary and not supported.
Proposal 5: For UE peak data rated reduction which is supported as an add-on to UE BB bandwidth reduction, the constraint value X can be relaxed to up to 3.2.
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