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Introduction
This document discusses the UE complexity reduction for Rel-18 eRedCap [1]. The following topics are discussed:
· UE BB bandwidth reduction
· Max. number of scheduled PRBs for unicast PDSCH / PUSCH
· Allocation for unicast PDSCH
· Allocation for PDSCH paging/RAR
· Scheduling of simultaneous unicast and SIB PDSCH
· Allocation for PUSCH Msg3
· UE peak rate reduction
· Early indication

Discussion
UE BB bandwidth reduction
Max. number of scheduled PRBs for unicast PDSCH / PUSCH
The agreement made in RAN1 #110bis-e:
	Agreement
Replace the agreement on the maximum number of PRBs supported by UE with the following:
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 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast), down-select between the following options for the maximum number of PRBs that the UE can process per slot:
· Option 1: 28 PRBs for 15 kHz SCS and 14 PRBs for 30 kHz SCS
· Option 2: 27 PRBs for 15 kHz SCS and 13 PRBs for 30 kHz SCS
· 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 (at least for unicast) 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, the Options 1-3 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 1-3 would be so little since 1) our view on UE post-FFT buffering assumption is 20 MHz as described in following section 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. Although we are acceptable to take Options 1 or 2, we think Option 3 would be more agreeable in RAN1 because it was optionally used for the evaluation in the study item phase.

The processing capability of “the maximum number of PRBs that the UE can process per slot” should be shared by processing for unicast and broadcast PDSCH (SIBs, RAR, paging). Therefore, we assume as follows:
· For unicast and broadcast PDSCH, the maximum number of PRBs that the UE can process per slot should be 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
· For PUSCH, the maximum number of PRBs that the UE can transmit per slot (or per hop if applicable) should be 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

However, from the specification perspective, “the maximum scheduled number of PRBs per slot/hop” should be agreed, rather than processing capability. Furthermore, “the maximum scheduled number of PRBs per slot” for broadcast PDSCH can be more than that for unicast PDSCH, as discussed later. In this section, we propose following for unicast PDSCH and PUSCH at first.

[bookmark: maxRB]Proposal 1:	For unicast PDSCH, the maximum scheduled number of PRBs per slot should be 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS (based on Option 3).
Proposal 2:	For PUSCH, the maximum scheduled number of PRBs per slot (or per hop if applicable) should be 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS (based on Option 3).

Allocation for unicast PDSCH
RAN1 discussed the allocation for unicast PDSCH based on the proposal by the feature lead [2]:
	FL6 High Priority Question 2-1-3a:
· For UE BB bandwidth reduction, for unicast PDSCH, which option is preferable?
· Option 1: A UE is not expected to receive a DL assignment in DCI with a resource allocation spanning a bandwidth of more than 5 MHz
· Option 2: A UE is not expected to receive a DL assignment in DCI with a resource allocation spanning a bandwidth of more than 20 MHz
· Note: In both options, the maximum number of PRBs in the resource allocation corresponds to ~5 MHz



We propose to take Option 2; no need to restrict the unicast PDSCH allocation within physically contiguous 5 MHz. This restriction (Option 1) is beneficial only when post-FFT buffer size is limited within 5 MHz BB BW. 

Assuming the post-FFT buffer size to be less than 20 MHz BB BW would mean the scheduling flexibility is limited. If the buffer size is limited as such, an eRedCap UE cannot decode PDSCH scheduled by a same-slot PDCCH without knowing the PRB allocation as PDCCH decoding requires some processing time. Other possibility to enable same-slot scheduling without 20 MHz post-FFT buffer is to pre-define/configure the 5 MHz region for buffering, but it also limits the scheduling flexibility in frequency domain.

Based on the discussion above, we propose to assume the post-FFT buffer size is no less than 20 MHz BB BW. This assumption makes same-slot scheduling possible for eRedCap UEs. With this assumption, Option 1 is not so beneficial for complexity reduction. Therefore, we support Option 2 for further better scheduling flexibility. Option 2 can be written as following proposal from the specification perspective.

[bookmark: unicast]Proposal 3:	Same-slot scheduling with PRBs up to 5 MHz BB BW on any location within 20 MHz should be supported for unicast PDSCH (based on Option 2).

Allocation for PDSCH paging/RAR
The agreements made in RAN1 #110bis-e:
	Agreement
For UE BB bandwidth reduction, for paging channel (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of paging channel to be within 5 MHz
· Option 2: Allow the scheduling of paging channel to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous

Agreement
For UE BB bandwidth reduction, for RAR (PDSCH) to Rel-18 RedCap UEs, down-select between the following options:
· Option 1: Restrict the scheduling of RAR PDSCH to be within 5 MHz
· Option 2: Allow the scheduling of RAR PDSCH to be larger than 5 MHz (as in legacy operation)
· FFS: whether 5MHz is assumed to be physically contiguous



For both paging and RAR, we propose to take Option 2. The Option 2 can provide more transmission power from gNB using scaling factor i.e., more PRBs, in order to maintain the coverage as it does not support the HARQ retransmission. Also, the impact to the non-RedCap UEs is less than Option 1. As well as for the unicast PDSCH, we assume post-FFT buffer size to be 20 MHz by which same-slot scheduling is possible for eRedCap UEs. With the 20 MHz post-FFT buffer, PRBs of the entire scheduled PDSCH paging/RAR with max. 20 MHz BB BW can be stored and sequentially be processed even with capability to process 5 MHz BB BW per slot. Therefore, the reception performance of those channels for eRedCap UEs would be improved by Option 2 compared with Option 1 i.e., to keep the current network deployment as much as possible.

[bookmark: RARBW]Proposal 4:	Same-slot scheduling with PRBs up to 20 MHz BB BW on any location within 20 MHz should be supported both for PDSCH RAR and paging (based on Option 2).

The sequential processing above would take a longer processing time than that of other non-eRedCap UEs because eRedCap PDSCH decoding capability is limited. It would not be an issue for paging for which there is no requirement for processing time (from RAN1 perspective). But it may be an issue for RAR reception where the minimum time between RAR and Msg3 is defined [3]. If the eRedCap-specific early indication is not configured, the RAR and Msg3 may be scheduled based on the legacy minimum time, commonly to non-eRedCap and eRedCap UEs. And then the processing of RAR by eRedCap UEs may not be finished before the Msg3 time resource.

We propose to consider extending the minimum time between RAR reception and Msg3 transmission when the cell allows the access from eRedCap UEs. For example, if the scheduled number of PRBs of RAR is beyond 5 MHz, the network always operates with the extended minimum time so that the eRedCap UE can finish the processing of RAR reception before Msg3 transmission. It can make sure that an eRedCap UE can transmit Msg3 after RAR reception/processing. Otherwise (the number of PRBs of RAR is within 5 MHz), the network operates with the legacy minimum time. It can minimize the impact to the non-eRedCap UEs. From eRedCap UE perspective, this can be said as “eRedCap UE can expect the minimum time between RAR reception and Msg3 transmission is extended when the number of PRBs of RAR is beyond 5 MHz.”

[bookmark: RARtiming]Proposal 5:	Consider extending the minimum time between RAR reception and Msg3 transmission when the cell allows the access from eRedCap UEs and RAR assignment is beyond eRedCap TB decoding capability.

[bookmark: _Hlk118314561]Scheduling of simultaneous unicast and SIB PDSCH
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: simultaneous]Proposal 6:	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.

Allocation for PUSCH Msg3
The agreements made in RAN1 #110bis-e:
	Agreement
· For UE BB bandwidth reduction, a UE is not expected to be configured with a CG grant with a PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.
· For UE BB bandwidth reduction, it is FFS whether a UE can be expected to receive an UL grant in a RAR with a Msg3 PUSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot or per hop, if applicable.



Our view is that; When the cell allows the access from eRedCap UE and if the eRedCap specific early indication via Msg1 is NOT configured, the gNB should schedule the PUSCH Msg3 within 5 MHz (for both non-eRedCap and eRedCap). It means for the scheduler to make sure that Msg3 allocation for eRedCap is within 5 MHz as well as the other PUSCH. The impact to the non-eRedCap UE can be concerned, but the impact would be small if Msg3 payload is small enough. If eRedCap-specific early indication via Msg1 is configured, the gNB can optimize the scheduled number of Msg3 PRBs for each type of UE.

[bookmark: Msg3]Proposal 7:	When the cell allows the access from eRedCap UE and if the eRedCap specific early indication via Msg1 is NOT configured, the gNB should schedule the PUSCH Msg3 within 5 MHz (for both non-eRedCap and eRedCap).

UE peak rate reduction
The agreements made in RAN1 #110bis-e:
	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: the value of X 



The controversial point was how to discuss/decide the value of X. In our view, peak rate 10 Mbps described in the WID [1] is a good criterion for this purpose. There would be no need to introduce another criterion in this work item.

[bookmark: peakrate]Proposal 8:	The value of X should be discussed/decided based on the peak rate 10 Mbps described in the WID.

The following updates a part of our previous tdoc [5].

The Table 1 shows the supported max data rate for FR1 DL, calculated based on §4.1.2 [6], 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: PR_X]Proposal 9:	The value of X is 3 (instead of 4).

Early indication
The agreements made in RAN1 #110bis-e:
	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



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. This can at least be realized by the PRACH transmission in Rel-17 separate initial UL BWP shared with Rel-18 eRedCap.

[bookmark: Rel17_early]Proposal 10:	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. Also, how to support that indication should be considered: further PRACH preamble/occasion separation or Rel-18 eRedCap-specific separate initial UL BWP.

[bookmark: Rel18_early]Proposal 11:	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.

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

Conclusion
Regarding the max. number of scheduled PRBs:
Proposal 1:	For unicast PDSCH, the maximum scheduled number of PRBs per slot should be 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS (based on Option 3).
Proposal 2:	For PUSCH, the maximum scheduled number of PRBs per slot (or per hop if applicable) should be 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS (based on Option 3).

Regarding the allocation for unicast PDSCH:
Proposal 3:	Same-slot scheduling with PRBs up to 5 MHz BB BW on any location within 20 MHz should be supported for unicast PDSCH (based on Option 2).

Regarding the allocation for PDSCH paging/RAR
Proposal 4:	Same-slot scheduling with PRBs up to 20 MHz BB BW on any location within 20 MHz should be supported both for PDSCH RAR and paging (based on Option 2).
Proposal 5:	Consider extending the minimum time between RAR reception and Msg3 transmission when the cell allows the access from eRedCap UEs and RAR assignment is beyond eRedCap TB decoding capability.

Regarding the scheduling of simultaneous unicast and SIB PDSCH:
Proposal 6:	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 the allocation for PUSCH Msg3:
Proposal 7:	When the cell allows the access from eRedCap UE and if the eRedCap specific early indication via Msg1 is NOT configured, the gNB should schedule the PUSCH Msg3 within 5 MHz (for both non-eRedCap and eRedCap).

Regarding the UE peak rate reduction:
Proposal 8:	The value of X should be discussed/decided based on the peak rate 10 Mbps described in the WID.
Proposal 9:	The value of X is 3 (instead of 4).

Regarding the early indication:
Proposal 10:	Rel-17 early indication via Msg1 should be allowed to be shared between Rel-18 eRedCap and Rel-17 RedCap.
Proposal 11:	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.
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