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1. [bookmark: _Ref115132664]Introduction
[bookmark: _Hlk95727305]The eRedCap work item was agreed in RAN#97 and further revised in RAN#98 with the following objectives as given below.
	
4.1	Objective of Core part WI

Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
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]
· UE peak data rate reduction
· Relaxation of the constraint (vLayers·Qm·f ≥ 4) for peak data rate reduction
· The relaxed constraint is, e.g., 1 (instead of 4).
· The parameters (vLayers, Qm, f) can be as in Rel-17 RedCap.
· Both 15 kHz SCS and 30 kHz SCS are supported.
· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.
· The existing UE capability framework is used, and changes to capability signalling are specified only if necessary. By default, all UE capabilities applicable to a Rel-17 RedCap UE are applicable unless otherwise specified.



	Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



In addition, there was additional endorsement on the scope of Rel-18 eRedCap in RAN#99 as given below while the WID has not been updated.

	
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.
· 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




In this contribution, we discuss our views on Rel-18 eRedCap and provide proposals for further progress. 

2. Further reduced UE complexity
[bookmark: _Toc101519368]2.1	UE baseband bandwidth reduction 
This section discussed UE baseband bandwidth/complexity reduction scheme (aka option PR3/BW3). 
Timeline relaxation for RAR PDSCH
	Agreement: in RAN1#111/112
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.
· 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
· 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




	Agreement: in RAN1#112bis-e
Down-select one among the following options in RAN1#113:
· Option 1:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 2:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is not supported.
· When Msg1 indication for Rel-17 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 3:
· For the “FFS: value(s) of X”,
· X = 1/0.5 ms for 15/30 kHz SCS
· FFS: Whether legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 eRedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
· Option 4:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).



The agreement in RAN1#112bis-e lists up 4 options considering following issues:
1. Value of X for timeline relaxation depending on RAR PDSCH resource allocation
2. Whether to introduce separate Msg1 based early indication
3. Whether legacy default TDRA table and Δ are reused
Timeline relaxation for RAR PDSCH was agreed based on the following logics.
· The Rel-18 eRedCap UE has a limited capacity for baseband processing, allowing it to process only up to 25/12 PRBs per slot for a SCS of 15/30 kHz respectively on the DL PDSCH.
· To ensure coexistence with existing UEs, the scheduling of broadcast PDSCHs is permitted to exceed 5 MHz (25/12 PRBs).
· The RAR PDSCH differs from other broadcast PDSCHs in that it has a strict L1 timeline restriction between RAR reception and Msg3 transmission.
· If the scheduling of RAR PDSCH is larger than 5 MHz, a Rel-18 eRedCap UE with limited baseband processing capability will require more time to process it.
The required minimum time between RAR reception and transmission of corresponding Msg3 has three parts (NT,1 + NT,2 + 0.5) as described in [4], where
· NT,1: time duration of N1 symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured
· NT,2: time duration of N2 symbols corresponding to a PUSCH preparation time for UE processing capability 1
· 0.5 msec: MAC processing latency as given in [6]
As NT,1 corresponds to the PDSCH processing time, we consider to relax only NT,1 for RAR PDSCH decoding if the scheduling is larger than 25/12 PRBs. RAN1 #112 further agreed to narrow down X value pair with 3 candidates as highlighted above and RAN1 #112bis-e is suggested to down select one pair of X. Current candidates include half-slot length, 1-slot length, and 2-slot length. Our proposed value X is half-slot length (0.5/0.25 ms for 15/30 KHz SCS) as summarized in Table 1. 
[bookmark: _Ref127298388]Table 1: Required time for RAR PDSCH processing
	SCS
	RAR PDSCH proceedings time
	X

	
	Not larger than 5MHz
	larger than 5MHz
	

	15 KHz
	N1 (13 symbols)
	N1 + 7 symbols
	0.5 msec

	30 KHz
	N1 (13 symbols)
	N1 + 7 symbols
	0.25 msec



For the proposed value of X, we have analyzed required processing time for PDSCH decoding by breaking down required processing blocks as shown in Table 2. Among the required processing blocks, channel estimation, demodulation, and LDPC need to be processed after the last DMRS symbol and to be completed before the end of required timeline as shown in Figure 1. It can be seen that the total time budget for channel estimation, demodulation, and LDPC decoding is 15 symbols for the reference scenario where scheduling is assumed to be 5MHz BW. 



[bookmark: _Ref130849502]Figure 1: PDSCH processing timeline
Table 2 further summarize how the processing time can be distributed between channel estimation/demodulation block and LDPC decoding block. The processing time for LDPC decoding block does not change depending on BW size but processing time for channel estimation/demodulation block will increase if the RAR PDSCH BW is larger than 5MHz. For the reference 5MHz scenario, 3 symbols are for CE/demod and 12 symbols are for LDPC decoding based on our analysis. If we consider the case that RAR PDSCH BW is 20MHz, processing time for CE/demod needs to be increased by 6 symbols and total required symbol would be 21 symbols. By adding 1 symbol as a margin, 7 symbol length is proposed for X. 
[bookmark: _Ref130849489]Table 2: PDSCH processing breakouts
	Functional block
	Approx. processing time 
if RAR PDSCH ≈ 5MHz
(reference scenario: unicast PDSCH)
	Relaxed processing time 
if RAR PDSCH ≈ 20MHz
	Note

	PDCCH monitoring
	0
	0
	PDCCH decoding right after PDCCH symbols

	FFT
	0
	0
	Performed symbol by symbol

	Channel estimation &
Demodulation
	20% of 15 symbols 
= 3 symbols
	1 + (3-1) x 4 
= 9 symbols
	1 symbol is used for fixed overhead.
2 symbols are needed for each 5MHz BB BW processing

	LDPC decoding
	80 % of 15 symbols 
= 12 symbols
	12 symbols
	Does not change depending on BB BW size

	Total
	NT,1 + 2 symbols 
= 15 symbols
	21 symbols
	At least 6 symbols are needed for X
(7-symbol length is proposed for X considering 1 symbol margin)



It is also noted that half-slot length has benefits over other candidates of X from the perspective of Msg3 scheduling flexibility. Current spec defines that uplink grant in RAR PDSCH indicates TDRA of Msg3 PUSCH based on default PUSCH TDRA table and D as given in Figure 2. D is equal to 2/3 for 15/30 KHz SCS and details of default PUSCH TDRA table is also given in Table 4. Table 3 summarizes Msg3 PUSCH scheduling impacts by the introduction of different X values. For larger value of X, there is more severe scheduling restriction for PUSCH due to the limited available entries of the default PUSCH TDRA table. 



[bookmark: _Ref130849039]Figure 2: Msg3 PUSCH scheduling by uplink grant in RAR PDSCH
[bookmark: _Ref131704765]Table 3: Available entries of default PUSCH TDRA table based on candidate X values
	SCS
(KHz)
	NT,1
	NT,2
	Existing timeline
(RAR BW ≤ 5 MHz)
NT,1 + NT,2 + 0.5 ms
	Relaxed timeline if RAR BW > 5MHz
NT,1 + NT,2 + 0.5 + X ms [in symbols] 
(available entries in default PUSCH TDRA table)

	
	
	
	
	X = 0.5 slot
	X = 1 slot

	15
	13
	10
	30 symbols < 3 slots
(entries 4-16 are available)
	37 symbols < 3 slots
(entries 8-13, 15-16 are available)
	44 symbols < 4 slots
(entries 11-13, 15-16 are available)

	30
	13
	12
	39 symbols < 3 slots
(All entries are available)
	46 symbol < 4 slots 
(entries 5-16 are available)
	53 symbols < 4 slots
(entries 8-13, 15-16 are available)


[bookmark: _Ref130849375]
Table 4: Default PUSCH time domain resource allocation A for normal CP (from Table 6.1.2.1.1-2 of TS 38.214)
	Row index
	PUSCH mapping type
	K2
	S
	L

	1
	Type A
	1
	0
	14

	2
	Type A
	1
	0
	12

	3
	Type A
	1
	0
	10

	4
	Type B
	1
	2
	10

	5
	Type B
	1
	4
	10

	6
	Type B
	1
	4
	8

	7
	Type B
	1
	4
	6

	8
	Type A
	2
	0
	14

	9
	Type A
	2
	0
	12

	10
	Type A
	2
	0
	10

	11
	Type A
	3
	0
	14

	12
	Type A
	3
	0
	12

	13
	Type A
	3
	0
	10

	14
	Type B
	1
	8
	6

	15
	Type A
	4
	0
	14

	16
	Type A
	4
	0
	10



Observation 1:
· 7 OFDM symbols are sufficient to process RAR PDSCH BW of 20MHz, (0.5 msec for 15KHz SCS, 0.25 msec for 30KHz SCS)
· More valid entries in default PUSCH TDRA table for smaller X value
· Less scheduling restriction for X = 0.5/0.25ms option

To properly schedule Msg2, Msg3, and Msg4 during random access procedure, the network needs to be aware of the PDSCH/PUSCH baseband processing capability of the device. If separate Msg1 based early indication is not supported, then the network does not know whether the detected Msg1 is from Rel-18 eRedCap UE or not, which will bring a loss of scheduling flexibility or unnecessary delay of the random access procedure. For instance, without Msg1 based early indication, scheduling Msg2 must be based on either a smaller bandwidth allocation or a relaxed timeline for all UEs inside the cell. This restriction is not necessary for Rel-15/16/17 UEs. Similarly, if separate Msg1 based early indication is not supported, Msg3 needs to be scheduled with a bandwidth smaller than 5MHz, regardless of whether it is for Rel-18 eRedCap UEs or other UEs. The Msg1 based early indication can be realized just as what we do for Rel-17 RedCap UEs by partitioning PRACH resources. 
Through a few RAN1 meeting, there have been arguments that introduction of separate Msg1 based early indication may bring further PRACH resource fragmentation. However, it rather increases configuration flexibility for the NW because the configuration of the Msg1 based early indication is totally up to the NW. So if PRACH resource is too concerned in a certain deployment, NW can disable the Msg1 based early indication and in this case, Rel-18 eRedCap UE needs to follow configuration for Rel-17 RedCap UE.
If separate Msg1 based early indication is supported for Rel-18 eRedCap, it is also possible that NW can configure early indication only for Rel-18 eRedCap UEs while not configuring Msg1 based early indication for Rel-17 RedCap UEs. This configuration has benefits for efficient resource utilization when the initial active DL/UL BWP is shared between all types of UEs. Under this configuration, eMBB UEs and Rel-17 UEs are handled together for the scheduling of Msg2 and Msg3 with the same manner but NW can just apply BB complexity restriction only for Rel-18 eRedCap devices based on Msg1 based early indication.
Observation 2:
· Msg1 based early indication 
· It is beneficial for NW to distinguish Rel-17 RedCap UE and Rel-18 eRedCap UE for the scheduling of Msg2 and Msg3. 
· Introduction of Msg1 based early indication gives configuration flexibility to the NW
· If it is introduced, the configuration of Msg1 based early indication is up to NW. 
· This can allow NW to distinguish between Rel-18 eRedCap UEs and all other UEs

Proposal 1:
· We agree on option 4:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).

	Agreement in RAN1#112bis-e

The potential timeline relaxations for the following cases are FFS:
· For 2-step RACH:
· Case 2a: Between reception of fallbackRAR and transmission of Msg3
· Case 2b: Between reception of successRAR and transmission of corresponding HARQ-ACK
· For 4-step RACH:
· Case 4a: Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH
· Case 4b: Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH



The broadcast PDSCH timeline relaxation addressed above can apply not only between Msg2 and Msg3, but also to the other scenarios of 4-step RACH procedure. If a UE detects a DCI with CRC scrambled by RA-RNTI but if the UE does not correctly receive the transport block in the corresponding PDSCH, or if the higher layers do not identify the RAPID associated with the PRACH transmission from the UE, then the UE shall be ready to transmit a PRACH no later than NT,1 + 0.75 msec after the last symbol of the PDSCH reception. If the RAR PDSCH resource allocation is larger than 25/12 PRB for 15/30 KHz SCS in these scenarios, the timeline needs to be relaxed with the same logic of Proposal 1 and the relaxation time should be same as X ms.
There might be other cases for 2-step RACH scenario. However, whether timeline relaxation is required for 2 step RACH case may depend on Proposal 4. If RAN1 agrees that resource allocation of MsgB PDSCH can be larger than 25/12 PRBs for 15/30 KHz SCS, we also need to consider timeline relaxation for the following cases in 2-step RACH scenario. If a UE received fallbackRAR in MsgB, the time between MsgB reception and corresponding Msg3 transmission should not be smaller than NT,1 + NT,2 + 0.5 ms. This timeline needs to be relaxed if the MsgB PDSCH resource allocation is larger than 25/12 PRB for 15/30 KHz SCS and the X ms relaxation can be also applied here. Also, in response to the MsgB PDSCH reception with the UE contention resolution identity, the UE transmits HARQ-ACK information in a PUCCH. The minimum time between the PDSCH reception and the corresponding PUCCH transmission with the HARQ-ACK information is equal to NT,1 + 0.5 msec. If the MsgB PDSCH resource allocation is larger than 25/12 PRB for 15/30 KHz SCS, this timeline also needs to be relaxed and the relaxation time should be same as X ms.

Proposal 2:
· Same level of timeline relaxation (X ms) is also applied to the following cases
· Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH (4-step RACH)
· Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH (4-step RACH)
· Same level of timeline relaxation (X ms) is also applied to the following cases under the condition that more than 25/12 PRBs are allowed for resource allocation of MsgB
· Between reception of fallbackRAR and transmission of Msg3 (2-step RACH)
· Between reception of successRAR and transmission of corresponding HARQ-ACK (2-step RACH)
[bookmark: _Toc101519374]
Simultaneous reception of 2 PDSCHs
	Conclusion of RAN1#112:
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.

Conclusion of RAN1#112bis-e:
For UE BB bandwidth reduction, for autonomous SI acquisition, the following paragraph in TS 38.214 clause 5.1 still applies:
· “The UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition.”
· FFS: Msg4 PDSCH scheduled by TC-RNTI case




RAN1 #112 concluded that Rel-18 eRedCap UE shall be able to decode two broadcast PDSCHs that partially or fully overlap in time in non-overlapping PRBs in idle or inactive state as the legacy UE does. RAN1 #112bis-e also concluded that we keep the same behavior for the decoding of PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI during a process of autonomous SI acquisition. There is FFS on the Msg4 PDSCH scheduled by TC-RNTI case in the previous conclusion. Current spec does not define anything on decoding of Msg4 PDSCH scheduled by TC-RNTI during a process of autonomous SI acquisition, which means that either it is not a typical case or it will be handled by UE implementation if it happens. We just simply follow the same way as defined in current spec, meaning that we do not define anything on decoding of Msg4 PDSCH scheduled by PDSCH during the process of autonomous SI acquisition.
In addition, we have not concluded RNTI triggered SI acquisition case as defined in TS 38.214 clause 5.1 (shown below).
	In TS 38.214 clause 5.1
On a frequency range 1 cell, the UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs, unless the PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI requires Capability 2 processing time according to clause 5.3 in which case the UE may skip decoding of the scheduled PDSCH with C-RNTI, MCS-C-RNTI, or CS-RNTI. 



The above section indicates the case when unicast PDSCH is scheduled at the same time with broadcast PDSCH for SI acquisition triggered by DCI with P-RNTI. It is important to note that the main reasoning of allowing scheduling of larger than 5MHz for broadcast PDSCH is that even eRedCap UE with limited baseband capability can have sufficient time budget for processing the channel because there is no tight timeline requirement for those broadcast PDSCHs. Only the unicast PDSCH has tight L1 timeline requirement in this case. Therefore, UE can use the BB capability for the decoding of unicast PDSCH first in order to meet the required L1 timeline for unicast PDSCH and use remaining BB capability for the decoding of broadcast PDSCH for SI acquisition with sufficient time requirement, which enables simultaneous reception of both PDSCHs. Therefore, the above paragraph can be simply used for Rel-18 eRedCap UE with BB complexity reduction.

Proposal 3:
· For autonomous SI acquisition
· No additional handling is needed for Msg4 PDSCH with TC-RNTI.
· For P-RNTI triggered SI acquisition, following paragraph in TS 38.214 clause 5.1 still applies:
· “The UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs.”

Scheduling of MsgB PDSCH
We see that MsgB PDSCH needs to be considered as broadcast PDSCH as it can have more than one success RARs for more than one UEs multiplexed in a single PDSCH. So considering coexistence with non-RedCap or Rel-17 RedCap UEs, MsgB PDSCH of 2-step RACH has to be handled similarly to Msg2 PDSCH of 4-step RACH.

Proposal 4:
· Allow the resource allocation of MsgB PDSCH to be larger than 25/12 PRBs for 15/30 KHz SCS (as in legacy operation)

2.2	Further UE peak rate reduction 
Endorsed proposal in RAN plenary #99.
	
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.
· 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




Details on peak rate reduction
We have an agreement made in RAN1 #110bis-e and RAN1#112 as below. Based on decision of RAN#99, RAN1 need to look for X and Y which meet 10Mbps for two UE options: (1) 20MHz + PR1, (2) BW3/PR3 + PR1.

	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: down-select between X=3 and X=3.2
· 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.



Peak rates for 20MHz + PR1 option is given in Table 2 and this option meets the peak data rate requirements (10Mbps) with vLayers·Qm·f constraint relaxed to either Y=1 or Y=0.75. Y=0.75 is proposed for this UE option as this meets 10Mbps more closely.
[bookmark: _Ref115131911]Table 2: Peak rates for 20Hz BW + PR1 with different capability parameters
	SCS
	BW (
	
(
	Maximum data rate [Mbps]

	
	
	
	DL
	UL

	15KHz 
	Rel-17:
20MHz (106)
	1, 6, 1 (6)
	85.1
	91.0

	
	
	1, 4, 1 (4)
	56.7
	60.7

	
	
	1, 1, 1, (1)
	14.2
	15.2

	
	
	1, 1, 0.75 (0.75)
	10.6
	11.4

	30KHz 
	Rel-17:
20MHz (51)
	1, 6, 1 (6)
	81.9
	87.6

	
	
	1, 4, 1 (4)
	54.6
	58.4

	
	
	1, 1, 1, (1)
	13.6
	14.6

	
	
	1, 1, 0.75 (0.75)
	10.2
	10.9




For BW3/PR3 + PR1 option, the vLayers·Qm·f constraint can be relaxed down to X=3.2 while meeting 10Mbps target bitrate as shown in Table 3. If the constraint gets X=3.0, the 10Mbps target cannot be achieved for DL with 30KHz SCS. With the preference on a single value for DL/UL and 15/30KHz SCS, we propose X =3.2. 

[bookmark: _Ref115132866]Table 3: Peak rates for BW3/PR3+ PR1 with different BB BW size and capability parameters
	SCS
	BW (
	
(
	Maximum data rate [Mbps]

	
	
	
	DL
	UL

	15KHz 
	Rel-17:
20MHz (106)
	1, 6, 1 (6)
	85.1
	91.0

	
	
	1, 4, 1 (4)
	56.7
	60.7

	
	BW3+PR1:
5MHz (25)
	1, 4, 1 (4)
	13.4
	14.3

	
	
	1, 4, 0.8 (3.2)
	10.6
	11.4

	
	
	1, 4, 0.75 (3.0)
	10.0
	10.7

	30KHz 
	Rel-17:
20MHz (51)
	1, 6, 1 (6)
	81.9
	87.6

	
	
	1, 4, 1 (4)
	54.6
	58.4

	
	BW3+PR1:
5MHz (12)
	1, 4, 1 (4)
	12.8
	13.7

	
	
	1, 4, 0.8 (3.2)
	10.3
	11.0

	
	
	1, 4, 0.75 (3.0)
	9.6
	10.3


[bookmark: _Toc101519376]   
In RAN1#112bis-e, there were discussions whether the 10Mbps target is the minimum peak rate or the only possible peak rate. The discussion was due to the different interpretation of RAN plenary agreement. However, our understanding is that the 10Mbps is the minimum peak rate and there can be eRedCap UEs which can support larger than 10Mbps depending on its capability. In current NR spec, UE capability framework only defines minimum peak rate, which can enable UE’s implementation flexibility. Even for eRedCap UE, in order to guarantee implementation freedom, it is desirable to allow support of higher capability, e.g., higher modulation order, more number of layers, larger memories, and etc. The flexibility would be also beneficial from NW perspective because it can provide further flexibility of NW scheduling and it can increase the cell capacity as well. 
Observation 3: 
· For standalone UE peak rate reduction scheme, relaxing constraint (vLayers·Qm·f) down to 0.75 meets 10Mbps target bitrate both for UL and DL.
· For add-on UE peak rate reduction scheme on top of UE baseband bandwidth reduction, relaxing constraint (vLayers·Qm·f) down to 3.2 meets 10Mbps target bitrate both for UL and DL.
· It is desirable to follow the NR UE peak rate capability framework to allow eRedCap UE which supports peak rate higher than 10MBps.

Proposal 5: 
· RAN1 agrees on X = 3.2 and Y = 0.75. 
· X and Y values are considered as minimum. 
· There can be BW3/PR3 + PR1 UEs which are supporting vLayers·Qm·f > X.
· There can be 20MHz + PR1 UEs which are supporting vLayers·Qm·f > Y.

Spec impacts for peak rate reduction
No spec impacts are expected in RAN1 for introducing PR1 feature, and corresponding impacts will be only in RAN2 spec, 38.306. RAN1 is proposed to determined X, Y first and provide those two values to RAN2, where 38.306 will need to be updated accordingly.
Observation 4: 
· There is no RAN1 spec impact for UE peak rate reduction.
Proposal 6: 
· Send LS to RAN2 including X and Y values for required change of the corresponding spec (38.306)


3. Conclusion
Based on discussions in section 2, we have following observations and proposals:

For UE baseband bandwidth reduction scheme (BW3/PR3):
Observation 1:
· 7 OFDM symbols are sufficient to process RAR PDSCH BW of 20MHz, (0.5 msec for 15KHz SCS, 0.25 msec for 30KHz SCS)
· Valid entries in default PUSCH TDRA table depends on X values
· Less scheduling restriction for X = 0.5/0.25ms option
Observation 2:
· Msg1 based early indication 
· It is beneficial for NW to distinguish Rel-17 RedCap UE and Rel-18 eRedCap UE for the scheduling of Msg2 and Msg3. 
· Introduction of Msg1 based early indication gives configuration flexibility to the NW
· If it is introduced, the configuration of Msg1 based early indication is up to NW. 
· This can allow NW to distinguish between Rel-18 eRedCap UEs and all other UEs
Proposal 1:
· We agree on option 4:
· For the “FFS: value(s) of X”,
· X = 0.5/0.25 ms for 15/30 kHz SCS
· Note: Legacy default TDRA table and Δ are reused.
· A network-configurable additional separate early indication in Msg1 for Rel-18 eRedCap UEs is supported.
· When Msg1 indication for Rel-18 RedCap UEs is configured, it is used by Rel-18 eRedCap UEs (with or without UE BB bandwidth reduction).
Proposal 2:
· Same level of timeline relaxation (X ms) is also applied to the following cases
· Between reception of RAR PDSCH in which UE does not correctly receive the transport block and upcoming transmission of PRACH (4-step RACH)
· Between reception of RAR with RAPID which is not associated with the corresponding PRACH transmission and upcoming transmission of PRACH (4-step RACH)
· Same level of timeline relaxation (X ms) is also applied to the following cases under the condition that more than 25/12 PRBs are allowed for resource allocation of MsgB
· Between reception of fallbackRAR and transmission of Msg3 (2-step RACH)
· Between reception of successRAR and transmission of corresponding HARQ-ACK (2-step RACH)
Proposal 3:
· For autonomous SI acquisition
· No additional handling is needed for Msg4 PDSCH with TC-RNTI.
· For P-RNTI triggered SI acquisition, following paragraph in TS 38.214 clause 5.1 still applies:
· “The UE shall be able to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI and, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI that partially or fully overlap in time in non-overlapping PRBs.”
Proposal 4:
· Allow the resource allocation of MsgB PDSCH to be larger than 25/12 PRBs for 15/30 KHz SCS (as in legacy operation)

For further UE peak rate reduction scheme (PR1):
Observation 3: 
· For standalone UE peak rate reduction scheme, relaxing constraint (vLayers·Qm·f) down to 0.75 meets 10Mbps target bitrate both for UL and DL.
· For add-on UE peak rate reduction scheme on top of UE baseband bandwidth reduction, relaxing constraint (vLayers·Qm·f) down to 3.2 meets 10Mbps target bitrate both for UL and DL.
· It is desirable to follow the NR UE peak rate capability framework to allow eRedCap UE which supports peak rate higher than 10MBps.
Proposal 5: 
· RAN1 agrees on X = 3.2 and Y = 0.75. 
· X and Y values are considered as minimum. 
· There can be BW3/PR3 + PR1 UEs which are supporting vLayers·Qm·f > X.
· There can be 20MHz + PR1 UEs which are supporting vLayers·Qm·f > Y.
Observation 4: 
· There is no RAN1 spec impact for UE peak rate reduction.
Proposal 6: 
· Send LS to RAN2 including X and Y values for required change of the corresponding spec (38.306)
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