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Introduction
This document discusses the UE complexity reduction for Rel-18 eRedCap. The following topics are discussed:
· UE BB bandwidth reduction
· Max. number of scheduled PRBs for PDSCH/PUSCH
· Allocation for PDSCH paging
· Timing gap between PDSCH RAR and PUSCH Msg3
· Scheduling of simultaneous unicast and SIB PDSCH
· Separate initial DL/UL BWP
· UE peak rate reduction
· Early indication

Discussion
UE BB bandwidth reduction
Max. number of scheduled PRBs for PDSCH/PUSCH
This subsection is the update of [1].

The agreement made in RAN1 #111:
	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.



We support Option 3 for both unicast PDSCH and PUSCH. 

For PUSCH, as long as the transmission is within a BWP configured within the carrier BW, the interference to adjacent carriers would not increase (the situation is equivalent to allocation with small number of PRBs for non-eRedCap) even if more than 11 PRBs for 30 kHz SCS are selected. Therefore, our understanding is the Options 3 would not impact RAN4 spec. It is also suitable for restriction of RB number:  for DFT-s-OFDM PUSCH.

For PDSCH, the complexity increase by the Options 3 would be so little since 1) UE post-FFT buffering assumption is 20 MHz as concluded in RAN1 #111 and 2) the channel estimation of 20 MHz has already been supported for 20 MHz PDCCH decoding. Compared with the number 11 for 30 kHz SCS, the number 12 is more suitable for RBG size on the PDSCH FDRA type 0.

Based on the above discussion, we propose to take the Option 3 than the Option 4 respectively for PUSCH and PDSCH.

[bookmark: maxNrPRB]Proposal 1:	For PUSCH, the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable, is 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS (take Option 3)
Proposal 2:	For PDSCH (for both unicast and broadcast), the maximum number of PRBs that the UE can process per slot is 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS (take Option 3)

Allocation for PDSCH paging
The agreement made in RAN1 #111:
	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). 



There can be 2 kinds of interpretation of this agreement as follows:
· Interpretation 1: Larger than the maximum number of unicast PRBs that the UE can process per slot is allowed for paging PDSCH (i.e., the number of scheduled VRB/PRB can be larger than 5 MHz as in legacy operation)
· Interpretation 2: The distributed PRB mapping larger than physically contiguous 5 MHz by VRB-to-PRB interleaving is just allowed as in legacy operation. The maximum number of scheduled VRB/PRB is still FFS.

As proposed in [1], we support the interpretation 1, not the interpretation 2. To clarify this, the sentence “It means the scheduling of paging PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot” should be added to the agreement above. This clarification aligns with the agreement for the PDSCH RAR made in RAN1 #111.

[bookmark: paging]Proposal 3:	Update the agreement for the 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). It means the scheduling of paging PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.

Timing gap between PDSCH RAR and PUSCH Msg3
The agreement made in RAN1 #111:
	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



The value of X (the additional timing gap between PDSCH RAR and PUSCH Msg3 when the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot) needs to be discussed. We propose the non-zero value smaller than 3 * NT,1. For example, X = 1 * NT,1 i.e., the PDSCH processing time is doubled.

The PDSCH processing time is mainly composed by the channel estimation, demodulation, rate-matching, LDPC decoding and higher layer processing. Our analysis is following.
· Channel estimation and demodulation: No additional complexity because since these are also required for PDCCH up to 20 MHz.
· Rate-matching: Because of larger number of PRBs, the number of bits after demodulation is increased compared with 5 MHz PDSCH processing capability.
· LDPC decoding and higher layer processing: Using RAR-specific scaling factor, the lower coding rate is used. UE peak rate of [10] Mbps does not take account of 20 MHz of PRB allocation but only 5MHz corresponding capability (as section 2.2). Therefore, the number of bits after rate matching is no difference compared with 5 MHz PDSCH processing capability. 

Based on above analysis, X * NT,1 =0 is not sufficient as the processing increase by handling after the channel estimation and rate matching is increased. X=3 * NT,1, which is 4 times of PDSCH processing capability i.e. corresponds to 20 MHz PDSCH processing capability, is too much. In addition, larger number of X increases the non-RedCap UE random access procedure delay when RAR is shared between non-RedCap UEs and Rel-18 RedCap UEs. 

Based on the discussion above, we propose that the value of X should be a value larger than zero but less than 3 * NT,1. For example, the value could be 1 * NT,1.

[bookmark: RAR_Msg3]Proposal 4:	The value of X (the additional timing gap between PDSCH RAR and PUSCH Msg3 when the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot) should be 1 * NT,1.

[bookmark: _Hlk118314561]Scheduling of simultaneous unicast and SIB PDSCH
This subsection is the resubmission of [1].

In the current spec, the simultaneous reception of unicast PDSCH and P-RNTI triggered SIB PDSCH is required for a UE for FR1:
§5.1 [4]:
	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.



In our view, SIB PDSCH utilize 20 MHz in many cases to keep the sufficient transmission power and maintain the coverage. Thus, it would not be a major case that the SIB PDSCH and unicast PDSCH for eRedCap are FDMed within 20 MHz. Also, precluding such simultaneous reception would be beneficial to avoid the complexity increase.

Therefore, we propose that the existing handling for FR2 is reused for the eRedCap (FR1). It means an eRedCap UE is not required to decode unicast PDSCH which is FDMed with P-RNTI triggered SIB. Exact description for FR2 is described as following.
§5.1 [4]:
	On a frequency range 2 cell, the UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI partially or fully overlap in time.



[bookmark: simul]Proposal 5:	The requirement for SIB reception for eRedCap UE (FR1) is same as the solution used for FR2 i.e., the eRedCap UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI partially or fully overlap in time.

Separate initial DL/UL BWP
The FL proposal in RAN1 #111 [2]:
	Medium Priority Proposal 2.4-3b:
· For a cell supporting Rel-17 and/or Rel-18 RedCap UEs,
· Up to one separate (RedCap-specific) initial DL/UL BWP can be configured



We support this proposal. Supporting additional separate initial BWPs would require more kinds of test for the eRedCap UEs which may increase the cost. Additional separate initial BWPs can be considered in the future release when massive access is expected. In the Rel-18, we see no need of those BWPs.

[bookmark: BWP]Proposal 6:	For a cell supporting Rel-17 and/or Rel-18 RedCap UEs, up to one separate (RedCap-specific) initial DL/UL BWP can be configured.

UE peak rate reduction
This section is the update of [1].

The agreement made in RAN1 #111:
	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



The Table 1 shows the supported max data rate for FR1 DL, calculated based on §4.1.2 [3], where the limited number of RB is assumed. To support target peak data rate 10 Mbps, (vLayers·Qm·f) needs to be 3 (or more). Relaxation less than 3 would result in the existence of an eRedCap UE not supporting peak 10 Mbps, which is not desired. Therefore, the minimum acceptable value of X is 3.
[bookmark: _Ref115271482]Table 1: Calculation of supported peak data rate for FR1 DL
	
	vLayers·Qm·f
	Supported max data rate [Mbps]

	NRB: 25
SCS: 15 kHz
	1
	3.34

	
	2
	6.69

	
	3
	10.03

	NRB: 11
SCS: 30 kHz
	1
	2.94

	
	2
	5.89

	
	3
	8.83

	NRB: 12
SCS: 30 kHz
	1
	3.21

	
	2
	6.42

	
	3
	9.63



[bookmark: peakRate]Proposal 7:	The value of X (for the UE peak rate reduction) is 3 (instead of 4).

Early indication via Msg1
This section is update of [1].

The FL proposal in RAN1 #111 [2]:
	Medium Priority Proposal 4-1b:
· Separate early indication of Rel-18 RedCap UEs in Msg1 can be enabled/disabled via SIB.
· Note: Here, “Rel-18 RedCap UE” means a UE implementing UE BB complexity reduction introduced by the Rel-18 RedCap WI.
· FFS: 2-step RACH case



The agreement made in RAN #98:
	For Issue 2 – Additional separate early indication
Agreement
Update the WID by adding objective:
· Support additional separate early indication(s) (RAN1, RAN2)
· How to support is decided by WGs



According to the RAN guidance, how to support the early indication for eRedCap UE needs to be discussed. In our view, there should be two ways of realization:
· Rel-17 early indication via Msg1 is shared between Rel-18 eRedCap and Rel-17 RedCap
· Rel-18 eRedCap-specific early indication via Msg1 is supported.

The early indication via Msg1 is supported for Rel-17 RedCap. It relieves the scheduler restriction of RAR and Msg3 as these can be separately sent between non-RedCap UEs and RedCap UEs. This functionality is also useful for Rel-18 eRedCap and other non-Redcap UEs relations. Therefore, the Rel-17 early indication via Msg1 should be allowed to be reused by Rel-18 eRedCap.

[bookmark: Rel17_early]Proposal 8:	Rel-17 early indication via Msg1 should be allowed to be shared between Rel-18 eRedCap and Rel-17 RedCap.

Besides, in our view, Rel-18 eRedCap-specific early indication via Msg1 can be supported. When such indication is configured, the gNB can optimize the scheduled operation of RAR and Msg3 separately between Rel-18 eRedCap and Rel-17 RedCap. Whether or not to configure this indication should be up to the gNB decision.

[bookmark: R18_early]Proposal 9:	Rel-18 eRedCap-specific early indication via Msg1 can be supported. Whether or not to configure that indication should be up to the gNB decision.

For the cell which allows access from both RedCap and eRedCap, we propose that up to two parameter sets of PRACH configuration (e.g., A and/or B below) are enough. One of the PRACH configuration cases 1/2/3 in the table below can be configured depending on the gNB decision:
	
	Non-RedCap UE
	RedCap UE (Rel-17)
	eRedCap UE (Rel-18)

	Case 1
	PRACH configuration set A in the Rel-15 part of SIB1
(The PRACH configuration for Rel-15 is shared between non-RedCap, RedCap and eRedCap)

	Case 2
	PRACH configuration set A in the Rel-15 part of SIB1
	PRACH configuration set B in the Rel-17 part of SIB1
(The PRACH configuration for Rel-17 is shared between RedCap and eRedCap)

	Case 3
	PRACH configuration set A in the Rel-15 part of SIB1
(The PRACH configuration for Rel-15 is shared between non-RedCap and RedCap)
	PRACH configuration set B in the Rel-18 part of SIB1



The following figure shows the example of cases that the ROs are separated between the PRACH configuration sets A and B:
[image: ]

We think that up to two parameter sets of PRACH configuration as described above are enough. In our view, it is not a usual case that there is massive access from both RedCap and eRedCap UEs in a cell. When Rel-17 RedCap access is much more than Rel-18 eRedCap, case 2 can be used (to distinguish non-RedCap and RedCap). In the opposite case, case 3 can be used. Which to use configuration case 1/2/3 is up to the gNB, where the decision may depend on the cell situation, market situation, region or time of the day.

Another possibility is that the gNB configures the three PRACH configuration sets each of which corresponds to non-RedCap, RedCap and eRedCap. But in this method, we concern that the test effort would be increased. For example, it would need to be tested that the three types of UEs simultaneously transmit preamble with the PRACH configuration set different by one another. Such a complicated test effort may increase the UE and network cost.

[bookmark: PRACH]Proposal 10:	For the cell which allows access from both RedCap and eRedCap, up to two parameter sets of PRACH configuration are configured by the gNB.

Early indication via Msg3 can be up to RAN2 decision, as well as Rel-17.

Conclusion
Regarding max. number of scheduled PRBs:
Proposal 1:	For PUSCH, the maximum number of PRBs that the UE can transmit per slot or per hop, if applicable, is 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS (take Option 3)
Proposal 2:	For PDSCH (for both unicast and broadcast), the maximum number of PRBs that the UE can process per slot is 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS (take Option 3)

Regarding PDSCH paging:
Proposal 3:	Update the agreement for the 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). It means the scheduling of paging PDSCH is allowed to be larger than the maximum number of unicast PRBs that the UE can process per slot.

Regarding timing gap between PDSCH RAR and PUSCH Msg3:
Proposal 4:	The value of X (the additional timing gap between PDSCH RAR and PUSCH Msg3 when the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the UE can process per slot) should be 1 * NT,1.

Regarding simultaneous reception of unicast and SIB PDSCH:
Proposal 5:	The requirement for SIB reception for eRedCap UE (FR1) is same as the solution used for FR2 i.e., the eRedCap UE is not expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI if in the same cell, during a process of P-RNTI triggered SI acquisition, another PDSCH scheduled with SI-RNTI partially or fully overlap in time.

Regarding separate initial DL/UL BWP:
Proposal 6:	For a cell supporting Rel-17 and/or Rel-18 RedCap UEs, up to one separate (RedCap-specific) initial DL/UL BWP can be configured.

Regarding peak rate reduction:
Proposal 7:	The value of X (for the UE peak rate reduction) is 3 (instead of 4).

Regarding early indication via Msg1:
Proposal 8:	Rel-17 early indication via Msg1 should be allowed to be shared between Rel-18 eRedCap and Rel-17 RedCap.
Proposal 9:	Rel-18 eRedCap-specific early indication via Msg1 can be supported. Whether or not to configure that indication should be up to the gNB decision.
Proposal 10:	For the cell which allows access from both RedCap and eRedCap, up to two parameter sets of PRACH configuration are configured by the gNB.
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