[bookmark: OLE_LINK33][bookmark: OLE_LINK12][bookmark: OLE_LINK34][bookmark: OLE_LINK13][bookmark: _GoBack]3GPP TSG RAN WG1 #11	2bis-e							           R1-2302943
e-Meeting, April 17th – April 26th, 2023

Title: 	Discussion on further UE complexity reduction
Source: 	ZTE, Sanechips
Agenda item:	9.6.1
Document for:	Discussion

1   Introduction
In RAN1#112 meeting, UE BB bandwidth reduction and peak data rate reduction were further discussed for Rel-18 RedCap UEs. The relevant agreements, conclusions and working assumption are summarized as following [1]:
Agreements
· [bookmark: OLE_LINK3]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
· 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.
· Down-select between X = 3 and X = 3.2.
· 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
· For UE BB bandwidth reduction, 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

· 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.
· 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.
Conclusions
· 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”.
· 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.
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 this contribution, we discuss the remaining issues on UE BB bandwidth reduction and peak data rate reduction .
2   Discussion 
2.1   UE BB bandwidth reduction 
Latency between RAR and Msg3
For the additional delay X on RAR processing, the values of X will be down-selected from three options that include 0.5/0.25, 1/0.5 and 2/1 ms for 15/30 KHz SCS for UE BB bandwidth reduction. 
A Rel-18 RedCap UE processes the data resource at one time within 5MHz bandwidth that is smaller the processing bandwidth of a legacy UE. Although UE BB bandwidth reduction causes multiple processing for a RAR with more than 5 MHz, each processing actually needs shorter latency than NT,1. On one hand, the existing latency NT,1 reserves enough PDSCH processing time which can support a maximum bandwidth of 100 MHz. So the Rel-18 RedCap UE does not require a large additional delay for RAR processing. On the other hand, a fixed X value is defined instead of multiple X values for different RAR bandwidth. So the fixed delay should ensure the Rel-18 RedCap UE to decode the RAR with up to 20MHz bandwidth. This causes that small value of X cannot be selected. Thus, in the three options, the additional delay of 1/0.5 ms could be adopted for 15KHz/30KHz SCS.
[bookmark: OLE_LINK7]Proposal 1: For UE BB bandwidth reduction, X = 1/0.5 ms for 15KHz/30KHz SCS can be adopted for RAR processing delay.
Msg4 PDSCH bandwidth
[bookmark: OLE_LINK4]Since early indication is supported, the gNB can identify the Rel-18 RedCap UE during initial access. Also, Msg4 is scheduled for a UE as a unicast PDSCH. The gNB can transmit an appropriate Msg4 for the Rel-18 RedCap UE after early identification. It has been agreed that a Rel-18 RedCap UE is able to receive a unicast PDSCH with resource allocation spanning a bandwidth of more than ~5 MHz and the number of scheduled PRB is not larger than the maximum number of PRB that the UE can process per slot. So the following working assumption can be 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.
Proposal 2: For UE BB bandwidth reduction, the working assumption related to Msg4 bandwidth can be confirmed.
Frequency domain resource assignment
[bookmark: OLE_LINK5]According to the specifications, resource assignment Type 0 can configure both continuous and discontinuous frequency domain distribution for data channel. For UE BB bandwidth reduction, resource assignment Type 0 supports to allocate up to 3 RBGs for a unicast PDSCH based on the bandwidth of 20 MHz (14 RBGs for 15KHz SCS). Consequently, the reduction of FDRA field size is limited. 
Resource assignment Type 1 can configure a continuous frequency domain distribution for data channel. For UE BB complexity reduction, the PDSCH for a Rel-18 RedCap UE is assigned within any 5MHz bandwidth in a BWP with up to 20 MHz. And the corresponding DCI field of FDRA needs 12 bits at 15KHz SCS, which is one bit less than the existing FDRA field size. 
Considering that the bit overhead of FDRA indication cannot be obviously reduced for both resource assignment Type 0 and 1, the optimization of FDRA for PDSCH is not supported for Rel-18 RedCap UEs.
Observation 1: For UE BB bandwidth reduction, the overhead of FDRA indication for DL cannot be obviously reduced in both resource assignment Type 0 and 1.
Proposal 3: The optimization of FDRA indication for PDSCH is not supported for Rel-18 RedCap UEs.
For UL resource assignment, a Rel-18 RedCap UE is not expected to receive an UL grant in a DCI/RAR with a PUSCH spanning a bandwidth of more than ~5 MHz per slot or per hop. So the PUSCH resource will be assigned within 5MHz bandwidth in a BWP. For resource assignment Type 0, if only discontinuous distribution is supported, the overhead of FDRA indication can be significantly reduced for Rel-18 RedCap UEs for bandwidth of 15MHz and 20MHz, as shown in Table 2. Hence, the optimization of FDRA indication could be considered for PUSCH.
Table 1: Overhead of FDRA indication for UL resource assignment Type 0 (RBG configuration 1)
	Subcarrier spacing (KHz)
	Bandwidth of BWP (MHz)
	Overhead of FDRA indication (bits)

	
	
	Legacy UE
	Rel-18 RedCap UE

	15
	10
	13
	13

	
	15
	10
	3

	
	20
	14
	4

	30
	10
	12
	12

	
	15
	10
	3

	
	20
	13
	4



Observation 2: For UE BB bandwidth reduction, if UL resource assignment Type 0 only supports discontinuous distribution, the overhead of FDRA indication can be significantly reduced for bandwidth of 15MHz and 20MHz.
Proposal 4: The optimization of FDRA indication for PUSCH could be considered for Rel-18 RedCap UEs.
Early identification
Due to UE BB bandwidth reduction, a separate early indication is introduced for Rel-18 RedCap UE type. It is further discussed by RAN1 whether the early indication is based on Msg1 or Msg3. For Msg1 indication, the RACH resources will be further segmented, which leads to potential reduction in PRACH user capacity and impacts on both Rel-18 RedCap and legacy UEs. Whereas, for RA-based SDT with larger TBS, the gNB may configure a Msg3 PDSCH with bandwidth more than 5MHz if the Rel-18 RedCap UE is not identified in Msg1. Therefore, Msg1 indication of Rel-18 RedCap UE should be supported and can be configured based on implementation in SIB1. For example, the network can configure Msg1 indication for Rel-18 RedCap UE and without Msg1 indication for Rel-17 RedCap UE in some cases to mitigate RACH resource segmentation. If Msg1 indication is not configured, Msg3 indication needs be enabled to avoid the Msg4/5 exceeding 5MHz bandwidth. Therefore, the early indication of both Msg1 and Msg3 should be supported for Rel-18 RedCap UEs. And the details can be discussed by RAN2.
[bookmark: OLE_LINK8]Proposal 5: The early indication of both Msg1 and Msg3 should be supported for Rel-18 RedCap UEs.
· Msg1 indication is configured in SIB1. 
2.2   Peak data rate reduction
[bookmark: _Toc42165607]Add-on PR1
For UE peak data rate reduction, the agreements can be summarized as below: 
· 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
· 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.
· Down-select between X = 3 and X = 3.2.
Table 2 shows the DL peak data rate of vLayers·Qm·f = 3 and vLayers·Qm·f = 3.2 when UE peak data rate reduction is configured as an add-on to UE BB bandwidth reduction. It can be observed that vLayers·Qm·f  ≥ 3.2 meets the peak data rate of 10 Mbps for both 15KHz and 30KHz SCS and vLayers·Qm·f  ≥3 meets the requirement for 15KHz SCS. Since both X = 3 and X = 3.2 can support the peak data rate of 10Mbps, we recommend to use X = 3 which achieves lower UE cost and complexity.
[bookmark: OLE_LINK1]Table 2. Value of vLayers·Qm·f  vs. peak data rate based on add-on PR1 (DL)
	Value of vLayers·Qm·f
	Examples of UE capability report Qm , vLayers and f
	Subcarrier spacing and Bandwidth
	Peak data rate（Mbps）

	
	Modulation Order
Qm
	Number of layers
vLayers
	Scaling factor
f
	
	

	3.2
	4
	1
	0.8
	15 KHz, 25 PRBs
	10.7

	
	
	
	
	30 KHz, 12 PRBs
	10.3

	3
	4
	1
	0.75
	15 KHz, 25 PRBs
	10.1

	
	
	
	
	30 KHz, 12 PRBs
	9.6



[bookmark: OLE_LINK6]Observation 3: For add-on PR1, both X = 3 and X = 3.2 can guarantee the Rel-18 RedCap UE to support the peak data rate of 10Mbps.
Proposal 6: The minimum constraint of vLayers·Qm·f can be relaxed to 3 for add-on PR1.
Standalone PR1
According to the agreements [2] in RAN# 99 meeting, 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. Table 3 shows the DL peak data rate at different values of vLayers·Qm·f when UE peak data rate reduction is configured as a standalone feature based on 20MHz bandwidth. It can be observed that vLayers·Qm·f  ≥ 0.75 meets the peak data rate of 10 Mbps for both 15KHz and 30KHz SCS. Thus, X=0.75 should be adopted for standalone PR1. 
[bookmark: OLE_LINK2]Table 3. Value of vLayers·Qm·f  vs. peak data rate based on standalone PR1 (DL)
	Value of vLayers·Qm·f
	Examples of UE capability report Qm , vLayers and f
	Subcarrier spacing and Bandwidth
	Peak data rate（Mbps）

	
	Modulation Order
Qm
	Number of layers
vLayers
	Scaling factor
f
	
	

	1
	1
	1
	1
	15 KHz, 106 PRBs
	14.2

	
	
	
	
	30 KHz, 51 PRBs
	13.6

	0.8
	2
	1
	0.4
	15 KHz, 106 PRBs
	11.3

	
	
	
	
	30 KHz, 51 PRBs
	10.9

	0.75
	1
	1
	0.75
	15 KHz, 106 PRBs
	10.6

	
	
	
	
	30 KHz, 51 PRBs
	10.2



Observation 4: For standalone PR1, X = 0.75 guarantees the Rel-18 RedCap UE to support the peak data rate of 10Mbps for both 15 KHz and 30 KHz SCS.
Proposal 7: The minimum constraint of vLayers·Qm·f can be relaxed to 0.75 for standalone PR1.
3   Conclusion
Base on the analysis in the previous sections, we have the following observations and proposals:
Observation 1: For UE BB bandwidth reduction, the overhead of FDRA indication for DL cannot be obviously reduced in both resource assignment Type 0 and 1.
Observation 2: For UE BB bandwidth reduction, if UL resource assignment Type 0 only supports discontinuous distribution, the overhead of FDRA indication can be significantly reduced for bandwidth of 15MHz and 20MHz.
Observation 3: For add-on PR1, both X = 3 and X = 3.2 can guarantee the Rel-18 RedCap UE to support the peak data rate of 10Mbps.
Observation 4: For standalone PR1, X = 0.75 guarantees the Rel-18 RedCap UE to support the peak data rate of 10Mbps for both 15 KHz and 30 KHz SCS.
Proposal 1: For UE BB bandwidth reduction, X = 1/0.5 ms for 15KHz/30KHz SCS can be adopted for RAR processing delay.
Proposal 2: For UE BB bandwidth reduction, the working assumption related to Msg4 bandwidth can be confirmed.
Proposal 3: The optimization of FDRA indication for PDSCH is not supported for Rel-18 RedCap UEs.
Proposal 4: The optimization of FDRA indication for PUSCH could be considered for Rel-18 RedCap UEs.
Proposal 5: The early indication of both Msg1 and Msg3 should be supported for Rel-18 RedCap UEs.
· Msg1 indication is configured in SIB1. 
Proposal 6: The minimum constraint of vLayers·Qm·f can be relaxed to 3 for add-on PR1.
Proposal 7: The minimum constraint of vLayers·Qm·f can be relaxed to 0.75 for standalone PR1.
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