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In RAN1#112 meeting[1], the following agreements were reached:
	UE BB bandwidth reduction:
PUSCH and PDSCH
Agreement
For UE BB bandwidth reduction, for PUSCH, select the following option 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
For UE BB bandwidth reduction, for PDSCH (for both unicast and broadcast), select the following option 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
Note: No intention to change the RAN4 RF specifications about maximum transmission PRB number
Paging PDSCH
Agreement 
Update the agreement for PDSCH paging with the clarification as follows:
· 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). The scheduling of paging PDSCH is allowed to be larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

Msg A PUSCH
Agreement
For UE BB complexity reduction, a UE is not expected to perform 2-step RACH with a MsgA PUSCH resource spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
RAR PDSCH
Agreement
For the earlier RAN1 agreement achieved in RAN1#111 as following,
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
For the “FFS: value(s) of X”
· X = [0.5/0.25 or 1/0.5 or 2/1] ms for 15/30kHz SCS
· Note: Single Value pair for X is to selected for SCSs
Conclusion
For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of two broadcast PDSCH transmissions for SIB1/OSI/paging/RAR.
UE peak rate:
Agreement
Revise the earlier agreement by removing the square brackets like this:
· 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
Agreement
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.
	· 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





In this contribution, features that further reduce UE complexity will be discussed.
Discussion on further UE complexity reduction features
UE BB bandwidth reduction
Early indication
Early Indication was introduced in R17 and is mainly used for network devices to identify UE types, such as R17 Redcap UE and legacy UE. If there is no early indication, the network will not be able to distinguish whether the current UE is a legacy UE or a Redcap UE, so that the network will perform the same conservative treatment on different types of UEs. This is unfair to UEs with different energy consumption or latency requirements.
RAN2#121 has made a agreement on the introduction of Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap. But whether it is necessary to introduce Msg1 early indication for eRedCap is pending the discussion in RAN1.
From our point of view, since the maximum BB bandwidth supported by PDSCH/PUSCH of R17 Redcap UE and R18 eRedcap UE is different, if the early indication of R17 is reused, the network will schedule R17 Redcap UE and R18 eRedcap UE according to the maximum BB bandwidth supported by R18 eRedcap UE, which is inappropriate and unfair to R17 Redcap UE. In addition, since the number of PRBs scheduled by the RAR PDSCH of the R18 Redcap UE is different, the time interval between RAR reception and Msg3 transmission is different. Therefore, if the R17 Redcap UE and the R18 Redcap UE use the same Msg1 early indication, it will lead to the problem of extended delay of the R17 Redcap UE. Therefore, it is necessary to introduce an early indication of Msg1 for R18 eRedcap that is different from that of R17 eRedcap. 
Proposal 1  Msg 1 early indication for R18 eRedcap can be introduced.
Msg4 PDSCH bandwidth
	Working assumption:
· For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.



Firstly, according to the discussion in RAN2#121 meeting, it can be seen that the Msg3 early indication of R18 eRedCap UE needs to be supported. Therefore, before processing Msg4, the network can already identify whether the current UE is an R18 eRedcap UE or another type of UE. Therefore, the number of scheduled PRBs for Msg4 can be limited. 
Secondly, since Msg4 is UE-specific, that is, Msg4 is a unicast PDSCH, the number of scheduled PRBs of Msg4 needs to follow the processing method of unicast PDSCH. 
To sum up, UE is able to receive Msg4 PDSCH resource allocations spanning more than ~5 MHz bandwidth per slot. And the UE does not need to process the Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Proposal 2  For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot. And the UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
MsgB PDSCH bandwidth
According to our understanding, both MsgB and Msg4 are unicast PDSCH, and the UE type has been known from MsgA before processing Msg B. Therefore, the bandwidth of MsgB PDSCH should be limited like Msg4 PDSCH.
Proposal 3  MsgB PDSCH can be limited like Msg4 PDSCH.
SRS bandwidth
	Objective of Core part WI:
........
Complexity/cost reduction
· Further reduced UE complexity in FR1 [RAN1, RAN2, RAN4]
· UE BB bandwidth reduction
· 5 MHz BB bandwidth only for PDSCH (for both unicast and broadcast) and PUSCH, with 20 MHz RF bandwidth for UL and DL
· The other physical channels and signals are still allowed to use a BWP up to the 20 MHz maximum UE RF+BB bandwidth.
· Support additional separate early indication(s) [RAN1, RAN2]



According to WID [3], UE BB bandwidth reduction is only used for PDSCH (for unicast and broadcast) and PUSCH. Therefore, the scheduling bandwidth of the SRS does not need to be limited. Second, SRS can be used for channel state estimation, so it is better to keep a larger scheduling bandwidth for SRS. Furthermore, the larger the SRS scheduling bandwidth, the more flexible the SRS scheduling. Therefore, it is recommended that the SRS scheduling bandwidth be up to 20 MHz.
Proposal 4  It is recommended that the SRS scheduling bandwidth can be up to 20 MHz.
UE peak data rate reduction
The following agreements were reached RAN1#112 meeting[1].
	Agreement:
Revise the earlier agreement by removing the square brackets like this:
· 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

Agreement:
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.
	· 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






In fact, according to 38.306, the data rate is calculated as follows:



where Rmax = 948/1024,   .
If UE peak data rate reduction is an add-on technique to UE BB bandwidth reduction, the relationship between DL data rate and vLayers·Qm·f is in the Table 1 
Table 1
	OH value
	
maximum RB allocation =25 for 15KHz
	
maximum RB allocation =12 for 30KHz

	0.14 and vLayers·Qm·f=3
	DL data rate: 10.03MHz
	DL data rate: 9.6MHz

	0.08 and vLayers·Qm·f=3
	DL data rate: 10.7MHz
	DL data rate: 10.3MHz

	0.14 and vLayers·Qm·f=3.2
	DL data rate: 10.7MHz
	DL data rate: 10.2MHz

	0.08 and vLayers·Qm·f=3.2
	DL data rate: 11.4MHz
	DL data rate: 10.9MHz


From the table we can know that if UE peak data rate reduction is an add-on technique to UE BB bandwidth reduction, then the value of vLayers·Qm·f that meets the minimum DL peak rate of 10 Mbps can be relaxed to 3.2.
Proposal 5  If UE peak data rate reduction is an add-on technique to UE BB bandwidth reduction, the constraint (vLayers·Qm·f) value can be relaxed to 3.2.
Acoording to the discussion in RAN#99 meeting[3], UE peak data rate reduction can be an standalone technique.
	Proposal
Rel-18 eRedCap UE capable of 20MHz + PR1 and Rel-18 eRedCap UE capable of BW3/PR3 + PR1 are designed/targeted to same peak data rate, i.e., 10Mbps

Note 1: Peak data rate of "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is same including unicast and broadcast respectively.
[bookmark: _GoBack]Note 2: PRB processing capability of "Rel-18 eRedCap: UE capable of 20MHz + PR1" is not limited to "25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS" and it corresponds to PRB size corresponding to 20 MHz.
Note 3: The only difference between "Rel-18 eRedCap: UE capable of 20MHz + PR1" and "Rel-18 eRedCap: UE capable of BW3/PR3 + PR1" is Note 2 and vLayers·Qm·f   in order to have the same peak rate.
Note 4: The initial access procedure of Rel-18 eRedCap UE capable of 20MHz + PR1 is realized by following:
· Same as Rel-18 eRedCap UE capable of BW3/PR3 + PR1



Similarly, if UE peak data rate reduction is an standalone technique, the maximum RB allocation in columns 2-3 in Table 1 can be modified to the number of PRBs corresponding to 20MHz. The 20MHz bandwidth and its corresponding peak rate are shown in Table 2.
Table 2
	OH value
	
maximum RB allocation =106 for 15KHz
	
maximum RB allocation =51 for 30KHz

	0.14 and vLayers·Qm·f=1
	DL data rate: 14MHz
	DL data rate: 13.6MHz

	0.08 and vLayers·Qm·f=1
	DL data rate: 15.2MHz
	DL data rate: 14.6MHz

	0.14 and vLayers·Qm·f=0.8
	DL data rate: 11.3MHz
	DL data rate: 10.9MHz

	0.08 and vLayers·Qm·f=0.8
	DL data rate: 12.1MHz
	DL data rate: 11.7MHz

	0.14 and vLayers·Qm·f=0.7
	DL data rate: 9.9MHz
	DL data rate: 9.5MHz

	0.08 and vLayers·Qm·f=0.7
	DL data rate: 10.6MHz
	DL data rate: 10.2MHz


From the table we can know that if UE peak data rate reduction is an standalone technique technique to UE BB bandwidth reduction, then the value of vLayers·Qm·f that meets the minimum DL peak rate of 10 Mbps can be relaxed to 0.8.
Proposal 6  If UE peak data rate reduction is an standalone technique, the constraint (vLayers·Qm·f) value can be relaxed to 0.8.
Conclusions
In this contribution, the features of UE complexity reduction are discussed, and the following proposals are made.
Proposal 1  Msg 1 early indication for R18 eRedcap can be introduced.
Proposal 2  For UE BB complexity reduction, a UE is able to receive a Msg4 PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot. And the UE is not required to process a Msg4 PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Proposal 3  MsgB PDSCH can be limited like Msg4 PDSCH.
Proposal 4  It is recommended that the SRS scheduling bandwidth can be up to 20 MHz..
Proposal 5  If UE peak data rate reduction is an add-on technique to UE BB bandwidth reduction, the constraint (vLayers·Qm·f) value can be relaxed to 3.2.
Proposal 6  If UE peak data rate reduction is an standalone technique, the constraint (vLayers·Qm·f) value can be relaxed to 0.8.
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