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1. [bookmark: _Toc120549591]Introduction
In RAN1#112 meeting, the following agreements about UE complexity reduction were agreed[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 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

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
There is no consensus to continue discussion on “whether additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs is allowed to be configured by the SIB in the cell”.

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.

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



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.


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.

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.


In RAN#99 meeting, it is confirmed that 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.  
In this contribution, we give our considerations on the following issues and make proposals.
· Issue 1: Separate early indication for R18 eRedCap
· Issue 2: Random access timeline
· Issue 3: The constraint value determination for peak data rate reduction
· Issue 4: Simultaneous reception of unicast and broadcast PDSCH
· Issue 5: Msg4 PDSCH bandwidth
2. Discussion on UE complexity reduction
In this section, we will provide our considerations on each above issues.
· Issue 1: Separate early indication for R18 eRedCap
Early indication is used for gNB to apply different scheduling strategies for different kinds of UEs before UE reporting its capability. For example, if R18 RedCap UEs cannot correctly decode the downlink common channels that gNB sends to R17 UEs, or if R18 RedCap UEs cannot perform uplink scheduling if the gNB schedules Msg3 PUSCH with number of RBs larger than 5MHz, early indication will be needed. 
According to previous agreements, for R18 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, so there is no need to distinguish R17 RedCap and R18 RedCap UEs for RAR scheduling. For uplink transmission of Msg3, R18 RedCap UE does not expect Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop. The assumption is that Msg.3 usually has a smaller TBS such as 56 or 72 bits, so the scheduling of Msg3 is likely to be within 11RB/12RB. Although the timeline between RAR and Msg3 for R18 RedCap UEs is larger than R17 RedCap UEs, NW can schedule Msg3 conservatively since R17 RedCap UEs are delay insensitive. Thus, additional early indication in Msg 1 is not necessary for R18 RedCap UEs.
Based on massive discussion, we can agree the compromise that when early indication in Msg 1 is not configured for R17 RedCap UEs, NW may configure additional early indication in Msg 1 for R18 RedCap UEs. For example, when separate initial UL/DL BWP and early indication in Msg 1 are not configured for R17 RedCap UEs, NW may schedule Msg3 of legacy UEs based on timeline of R18 RedCap UEs, which increases the access delay of legacy UEs. To reduce the coexistence impact on legacy UEs, NW may configure additional early indication in Msg 1 for R18 RedCap UEs. 
Proposal 1:
· From RAN1 perspective, support additional separate early indications from Rel-17 RedCap in Msg1, when separate early indication for Rel-17 RedCap in Msg1 is not configured:
· Msg1 indication specific for Rel-18 RedCap UEs can be configured by the network (otherwise the Rel-17 RedCap UE behavior is used).
· Issue 2: Random access timeline
For random access timeline, it has been agreed that the time between RAR reception and Msg3 transmission is not smaller than NT,1 + NT,2 + 0.5 + X ms, where the candidate values of X are [0.5/0.25 or 1/0.5 or 2/1] ms for 15/30kHz SCS. The value pair for X needs further down-selection.
In 38.214, [image: ]is a time duration of [image: ] symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured, [image: ] is a time duration of [image: ] symbols corresponding to a PUSCH preparation time for UE processing capability 1 and, for determining the minimum time, the UE considers that [image: ] and [image: ] correspond to the smaller of the SCS configurations for the PDSCH and the PUSCH. For [image: ], the UE assumes [image: ].
Table 1: PDSCH processing time for PDSCH processing capability 1
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = pos0 in 
DMRS-DownlinkConfig in both of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB
	dmrs-AdditionalPosition ≠ pos0 in 
DMRS-DownlinkConfig in either of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB 
or if the higher layer parameter is not configured 

	0
	8
	N1,0

	1
	10
	13

	2
	17
	20

	3
	20
	24


[bookmark: _GoBack]The maximum RAR PDSCH bandwidth for R18 RedCap UEs is 20MHz, thus at most additional 3 times of baseband processing time 3NT,1 is introduced. However, the baseband processing time does not increase linearly with bandwidth, thus X can be 3*(NT,1-Δ). Larger X increases the access latency of R18 RedCap UEs and requires large K1 to indicate time resource for Msg3 transmission. For example, in a TDD system with frame structure DDDDDDDSUU, when X=0.5ms for 15kHz SCS, Msg3 can be transmitted in second UL slot in subframe n. However, if X=2ms applies, Msg3 needs to be transmitted in first UL slot in subframe n+1. Thus we prefer comparatively small X that is less than 3NT,1.
Proposal 2:
For random access timeline NT,1 + NT,2 + 0.5 + X ms, X = [0.5/0.25]ms or X = [1/0.5] ms for 15/30kHz SCS is preferred.
·  Issue 3: The constraint value determination for peak data rate reduction
According to conclusion of RAN#99 meeting, PR1 standalone or PR1 as an add on feature is targeted at the same peak date rate 10Mbps. Here we will discuss the constraint value X of these two cases.
When UE peak data rate reduction is supported as a standalone feature, the following Table.2 gives our calculation of peak data rate for different X values according to TS38.306.
Table.2 peak data rate calculation for different X values for 20MHz+PR1
	SCS&PRB
	X value
	DL
	UL

	15KHz,106RB
	X=0.75
	10.6Mbps
	11.4Mbps

	
	X=0.5
	7.1Mbps
	7.6Mbps

	30KHz,51RB
	X=0.75
	10.2Mbps
	10.9Mbps

	
	X=0.5
	6.8Mbps
	7.3Mbps


When UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction, the following Table.3 gives our calculation of peak data rate for different X values.
Table.3 peak data rate calculation for different X values for BW3+PR1
	SCS&PRB
	X value
	DL
	UL

	15KHz,25RB
	X=3.2
	10.7Mbps
	11.45Mpbs

	
	X=3
	10.03Mbps
	10.73Mbps

	30KHz,12RB
	X=3.2
	10.27Mbps
	10.99Mbps

	
	X=3
	9.63Mbps
	10.3Mbps


Based on above peak data rate calculation, when PR1 as a standalone feature, for 15KHz and 30KHz SCS, X should be equal to or larger than 0.75. When PR1 as an add-on to BW3, for 15KHz SCS, X should be no small than 3, while for 30KHz SCS with PRB number 12, X should be equal to or larger than 3.2. To make a common value for both 15KHz and 30KHz, X=3.2 is proposed.
Proposal 3: When UE peak data rate reduction is supported as a standalone,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X, X=0.75.
Proposal 4: When UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X, X=3.2.
·  Issue 4: Simultaneous reception of unicast and broadcast PDSCH
For simultaneous reception of unicast and broadcast PDSCH transmissions, UE implementation can be performed. Since the demodulation of broadcast PDSCH does not have timeline requirement, it can be decoded later. After the demodulation of unicast PDSCH, HARQ feedback may be required, thus UE can decode unicast PDSCH firstly. 
Proposal 5: For R18 RedCap UE with BB complexity reduction, simultaneous reception of unicast and broadcast PDSCH transmissions can leave to UE implementation.
·  Issue 5: Msg4 PDSCH bandwidth
RAN1 112 meeting has following working assumption about 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.
When a R18 RedCap UE congests for a preamble with a R17 RedCap UE and NW receives Msg3 of these two UEs, if R17 RedCap UE succeeds in random access, NW may schedule Msg4 PDSCH spanning a bandwidth of more than 5 MHz. Before contention resolution, the R18 RedCap UE also try to receive Msg4. If R18 RedCap UE receives PDCCH of Msg4 PDSCH and finds the bandwidth of Msg4 PDSCH is more than 5 MHz per slot, R18 RedCap UE knows this Msg4 PDSCH is for other kind of UEs, it does not need to process this Msg4 PDSCH and restart the random access procedure.
Proposal 6: The following working assumption is confirmed:
· 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.
3. Conclusion
In this contribution, we give our consideration on UE complexity reduction, and the following proposals are made.
Proposal 1:
· From RAN1 perspective, support additional separate early indications from Rel-17 RedCap in Msg1, when separate early indication for Rel-17 RedCap in Msg1 is not configured:
· Msg1 indication specific for Rel-18 RedCap UEs can be configured by the network (otherwise the Rel-17 RedCap UE behavior is used).
Proposal 2:
For random access timeline NT,1 + NT,2 + 0.5 + X ms, X = [0.5/0.25]ms or X = [1/0.5] ms for 15/30kHz SCS is preferred.
Proposal 3: When UE peak data rate reduction is supported as a standalone,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X, X=0.75.
Proposal 4: When UE peak data rate reduction is supported as an add-on to UE BB bandwidth reduction,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ X, X=3.2.
Proposal 5: For R18 RedCap UE with BB complexity reduction, simultaneous reception of unicast and broadcast PDSCH transmissions can leave to UE implementation.
Proposal 6: The following working assumption is confirmed:
· 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.
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