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1	Introduction
One of the objectives of the Rel-18 work item on “Enhanced support of reduced capability NR devices” is to specify support for the following further UE complexity reduction features [1]:
	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



For the above objective, a RAN1 agreement summary can be found in [2], and a feature lead summary for the last RAN1 meeting can be found in [3].
RAN#99 discussed whether UE peak data rate reduction (“PR1”) should be supported as a standalone feature or only in combination with UE BB bandwidth reduction (“BW3/PR3”) and endorsed the following proposal [4]:
	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



The nicknames for the UE complexity reduction features (“PR1” and “BW3/PR3”) originate from TR 38.865 [5].
In this contribution, we present our views on the Rel-18 UE complexity reduction features, i.e., UE peak data rate reduction (a.k.a. “PR1”) and UE BB bandwidth reduction (a.k.a. “BW3/PR3”).
2	UE peak data rate reduction (a.k.a. “PR1”)
The peak data rate supported by an NR UE is calculated using the following expression from TS 38.306 [7]:
	[bookmark: _Toc12750882][bookmark: _Toc29382246][bookmark: _Toc37093363][bookmark: _Toc37238639][bookmark: _Toc37238753][bookmark: _Toc46488648][bookmark: _Toc52574069][bookmark: _Toc52574155][bookmark: _Toc76511753]4.1.2	Supported max data rate for DL/UL
For NR, the approximate data rate for a given number of aggregated carriers in a band or band combination is computed as follows.

wherein
J is the number of aggregated component carriers in a band or band combination
Rmax = 948/1024
For the j-th CC,
	[image: ] is the maximum number of supported layers given by higher layer parameter maxNumberMIMO-LayersPDSCH for downlink and maximum of higher layer parameters maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH for uplink.
	 is the maximum supported modulation order given by higher layer parameter supportedModulationOrderDL for downlink and higher layer parameter supportedModulationOrderUL for uplink.
	is the scaling factor given by higher layer parameter scalingFactor and can take the values 1, 0.8, 0.75, and 0.4.
	 is the numerology (as defined in TS 38.211 [6])
[bookmark: OLE_LINK8]	 is the average OFDM symbol duration in a subframe for numerology , i.e. . Note that normal cyclic prefix is assumed.
	 is the maximum RB allocation in bandwidth  with numerology , as defined in 5.3 TS 38.101-1 [2] and 5.3 TS 38.101-2 [3], where  is the UE supported maximum bandwidth in the given band or band combination.
	is the overhead and takes the following values
0.14, for frequency range FR1 for DL
0.18, for frequency range FR2 for DL
0.08, for frequency range FR1 for UL
0.10, for frequency range FR2 for UL
The approximate maximum data rate can be computed as the maximum of the approximate data rates computed using the above formula for each of the supported band or band combinations.
For single carrier NR SA operation, the UE shall support a data rate for the carrier that is no smaller than the data rate computed using the above formula, with  and component  is no smaller than 4.
NOTE: As an example, the value 4 in the component above can correspond to ,  and .



The WI objective for UE peak data rate reduction concerns relaxing the constraint vLayers·Qm·f ≥ 4 for Rel-18 eRedCap UEs, i.e., to relax the constraint that the product of the maximum number of supported MIMO layers, the ‘maximum supported modulation order’, and the peak rate scaling factor should be no smaller than 4 for NR SA single carrier operation. Note that the so called ‘maximum supported modulation order’ in this context only concerns the modulation order assumed in the peak data rate calculations. The network may still use a higher modulation order than the value indicated by this field when scheduling the UE.
With the current constraint (≥ 4), based on the expression above, the peak data rate supported by a baseline Rel-17 RedCap UE should be at least 55 Mbps in DL and UL.
For UE peak data rate reduction, the following agreements have been made in RAN1 [2]:
	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 
· 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

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

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



 



RAN1#112bis-e discussed this proposal on the values of X and Y without reaching a conclusion [3]:
	High Priority Proposal 3.1-1h:
· For UE peak data rate reduction with UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to vLayers·Qm·f = 3.2
· For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to vLayers·Qm·f = 0.8
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.
· FFS: Whether the 10-Mbps peak rate target is a minimum peak rate or a fixed peak rate.




The reason for the deadlock in RAN1#112bis-e was that companies had two different understandings of the RAN#99 decision listed in the introduction of this contribution. The question is whether the 10-Mbps peak rate target should be understood as a fixed peak rate target for all Rel-18 eRedCap UEs (regardless of what optional features they might support) or a minimum peak rate target (that might be exceeded by UEs that support optional features such as MIMO). We would be happy to agree the above Proposal 3.1-1h, or the following updated version:
[bookmark: _Toc135049658]Agree the following (without any intention to indicate whether the 10-Mbps peak rate target is a minimum peak rate or a fixed peak rate):
· For UE peak data rate reduction with UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to vLayers·Qm·f = 3.2
· For UE peak data rate reduction without UE BB bandwidth reduction,
· The 10-Mbps peak rate target corresponds to vLayers·Qm·f = 0.8
· This is assuming 20 MHz bandwidth in the 38.306 peak rate expression.

As an alternative, RAN1 could first discuss what legacy features (e.g., MIMO) that can be supported as optional features by Rel-18 eRedCap UEs, before proceeding to decide on the values of X and Y. This is what we propose as part of the UE capability discussion in our contribution [6].
[bookmark: _Toc135049659]If Proposal 3.1-1h from RAN1#112bis-e cannot be agreed, as a potential way forward, consider discussing what legacy features (e.g., MIMO) that can be supported as optional features by Rel-18 eRedCap UEs, before proceeding to decide on the values of X and Y.

3	UE BB bandwidth reduction (a.k.a. “BW3/PR3”)
In the following subsections, we provide our views on open issues for UE baseband (BB) bandwidth reduction.
3.1	Random access timeline and early indication
The NR specification allows PDSCH carrying RAR to be scheduled with a bandwidth larger than 5 MHz – up to 17.2 MHz. The 17.2 MHz corresponds to the maximum CORESET#0 bandwidth in FR1. Note that the SIB1-configured initial downlink BWP, which can be larger than CORESET#0 bandwidth, is not applied until after reception of Msg4. Also, as per the specification, higher order modulation than QPSK cannot be used for RAR, but the code rates associated with QPSK may be used, i.e., MCS0 to MCS9 in Table 5.1.3.1-1 of TS 38.214 [8]. However, typically MCS0 would be used to achieve sufficient coverage.
If the PDSCH contains a single RAR message for just one UE, the required bandwidth can be expected to be smaller than 5 MHz as the TBS would be rather small (e.g., 72 bits). However, if RAR messages for many UEs are multiplexed in the same PDSCH, the TBS would be larger, and as a result, the required bandwidth would be larger than 5 MHz. Furthermore, as identified in the Rel-18 RedCap study item [5], RAR PDSCH is one of the coverage limiting channels for 1-Rx UEs in some scenarios. Applying TB scaling to recover coverage would require transmitting PDSCH over a larger number of PRBs, exceeding 5 MHz even when it contains only a single RAR message.
[bookmark: _Toc135049656]If RARs for many UEs are multiplexed in the same PDSCH, the TBS would be larger, and as a result, the required RAR bandwidth would be larger than 5 MHz.
[bookmark: _Toc135049657]Applying TB scaling to recover coverage of 1-Rx RedCap UEs would require transmitting PDSCH over a larger number of PRBs, exceeding 5 MHz even when it contains only a single RAR message.
As mentioned, the maximum RAR bandwidth is 17.2 MHz. This corresponds to 96 PRBs for 15 kHz SCS and 48 PRBs for 30 kHz SCS. If the maximum number of PRBs that a Rel-18 eRedCap UE can process per slot is 25 for 15 kHz SCS and 12 for 30 kHz SCS, it can take multiple slots for the UE to complete processing of RAR.
RAN1#111 and RAN1#112 made the following agreements regarding the RAR PDSCH bandwidth and the Msg3 transmission timeline [2]:
	Agreement:
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

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

Agreement:
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 be selected for SCSs




RAN1#112bis-e made the following agreements regarding the random access timeline and potential additional separate early indication in Msg1 [2]:
	Agreement:
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).




RAN1#112bis-e also made the following agreements regarding timeline relaxation for other similar cases [2]:
	Agreement:
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




3.1.1	Down-selection between the 4 options
As mentioned above, RAN1#113 should aim to down-select between the following 4 options for the value of X and the potential support of an additional separate early indication (EI) in Msg1:
· Option 1: X = 0.5/0.25 ms for 15/30 kHz SCS, and additional separate EI in Msg1 is not supported
· Option 2: X = 1/0.5 ms for 15/30 kHz SCS, and additional separate EI in Msg1 is not supported
· Option 3: X = 1/0.5 ms for 15/30 kHz SCS, and additional separate EI in Msg1 is supported
· Option 4: X = 0.5/0.25 ms for 15/30 kHz SCS, and additional separate EI in Msg1 is supported

When the RAR bandwidth is larger than 5 MHz, the time between last symbol of RAR PDSCH and first symbol of corresponding Msg3 PUSCH transmission may need to be larger than the legacy minimum time of NT,1 + NT,2 + 0.5 ms. Here, NT,1 and + NT,2 are the time durations of N1 and N2 symbols corresponding to PDSCH processing and PUSCH preparation, respectively. The values for N1 and N2 for different SCSs are given in Table 1 and Table 2.
[bookmark: _Ref127319231]Table 1: PDSCH processing time for PDSCH processing capability 1 (from Table 5.3-1 of TS 38.214)
	

	PDSCH decoding time N1 [symbols]

	
	dmrs-AdditionalPosition = 'pos0' in 
DMRS-DownlinkConfig in
dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB if either higher layer parameter is configured, and in dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2 and dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2 if either higher layer parameter is configured
	dmrs-AdditionalPosition ≠ 'pos0' in 
DMRS-DownlinkConfig in any of 
dmrs-DownlinkForPDSCH-MappingTypeA, dmrs-DownlinkForPDSCH-MappingTypeB, dmrs-DownlinkForPDSCH-MappingTypeA-DCI-1-2, dmrs-DownlinkForPDSCH-MappingTypeB-DCI-1-2, 
or if none of the higher layer parameters is configured 

	0
	8
	14

	1
	10
	13

	2
	17
	20

	3
	20
	24

	5
	80
	96

	6
	160
	192



[bookmark: _Ref127319241]Table 2: PUSCH preparation time for PUSCH timing capability 1 (from Table 6.4-1 of TS 38.214)
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36

	5
	144

	6
	288



Based on Table 1 and Table 2, the legacy minimum time NT,1 + NT,2 + 0.5 ms (for dmrs-AdditionalPosition ≠ 'pos0') would in symbols correspond to:
· 31 symbols for 15 kHz SCS
· 39 symbols for 30 kHz SCS

The new minimum time is given by NT,1 + NT,2 + 0.5 + X ms, where the value of X is to be selected from [0.5/0.25 or 1/0.5 or 2/1] ms for 15/30 kHz SCS, according to the RAN1 agreements listed above. Table 3 lists the possible minimum time in symbols.
[bookmark: _Ref127371325]Table 3: Possible minimum time in symbols between RAR and Msg3 for Rel-18 eRedCap UEs
	
	NT1
	NT2
	Legacy minimum time [symbols]
	New minimum time
[symbols]

	
	
	
	RAR BW ≤ 5 MHz
with X = 0
	RAR BW > 5 MHz
with X = 0.5 / 0.25 ms
for 15 / 30 kHz SCS
	RAR BW > 5 MHz
with X = 1 / 0.5 ms
for 15 / 30 kHz SCS
	RAR BW > 5 MHz
with X = 2 / 1 ms
for 15 / 30 kHz SCS

	0
	14
	10
	31
	38
	45
	59

	1
	13
	12
	39
	46
	53
	67


[bookmark: _Hlk127374772]
Beside the minimum time discussed above, it is important to also discuss the scheduling time offset between RAR PDSCH and Msg3 PUSCH, as depicted in Figure 1. If a UE receives a PDSCH with a RAR message ending in slot n, the UE transmits Msg3 PUSCH in slot n + K2 + Δ, where the value of Δ depends on SCS of PUSCH (µPUSCH) and is given in Table 4, and the value of K2 (as well as the start and length of the PUSCH allocation) is indicated by the four-bit PUSCH time-domain resource allocation (TDRA) field in the RAR grant given in Table 5. The TDRA field points to one of the 16 rows in Table 6, the default TDRA table, which provides the value of K2. Note that, in Table 6, K2 is given in slots, whereas start and length of PUSCH allocation (S and L) are given in symbols. The value of j used to determine K2 depends on µPUSCH and is given in Table 7.
[image: ]
Figure 1: Illustration of scheduling time offset between RAR PDSCH and Msg3 PUSCH

[bookmark: _Ref127314422]Table 4: Definition of value Δ (from Table 6.1.2.1.1-5 of TS 38.214)
	µPUSCH
	Δ

	0
	2

	1
	3

	2
	4

	3
	6

	5
	24

	6
	48


	
[bookmark: _Ref127315025]Table 5: Random Access Response Grant Content field size (from Table 8.2-1 of TS 38.213)
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	12, for operation with shared spectrum channel access in FR1 or for FR2-2 when ChannelAccessMode2-r17 is provided
14, otherwise

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-Cpext
	2, for operation with shared spectrum channel access in FR1 or for FR2-2 when ChannelAccessMode2-r17 is provided
0, otherwise



[bookmark: _Ref127315364]Table 6: 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
	j
	0
	14

	2
	Type A
	j
	0
	12

	3
	Type A
	j
	0
	10

	4
	Type B
	j
	2
	10

	5
	Type B
	j
	4
	10

	6
	Type B
	j
	4
	8

	7
	Type B
	j
	4
	6

	8
	Type A
	j+1
	0
	14

	9
	Type A
	j+1
	0
	12

	10
	Type A
	j+1
	0
	10

	11
	Type A
	j+2
	0
	14

	12
	Type A
	j+2
	0
	12

	13
	Type A
	j+2
	0
	10

	14
	Type B
	j
	8
	6

	15
	Type A
	j+3
	0
	14

	16
	Type A
	j+3
	0
	10



[bookmark: _Ref127317898]Table 7: Definition of value j (from Table 6.1.2.1.1-4 of TS 38.214)
	µPUSCH
	j

	0
	1

	1
	1

	2
	2

	3
	3

	5
	11

	6
	21



Based on Table 4, Table 6, and Table 7, the minimum and the maximum values for the scheduling time offset (i.e., K2 + Δ in slots). Table 8 shows that the range of the time gap (i.e., K2 + Δ – 1 in symbols) between RAR PDSCH and Msg3 PUSCH is 28 to 70 symbols for 15 kHz SCS and 42 to 84 symbols for 30 kHz SCS.
[bookmark: _Ref127374743]Table 8: Scheduling time offset between RAR PDSCH and Msg3 PUSCH.
	
	Δ
	K2 + Δ – 1 (symbols)
(j)
	K2 + Δ – 1 (symbols)
(j+1)
	K2 + Δ – 1 (symbols)
(j+2)
	K2 + Δ – 1 (symbols)
(j+3)

	0
	2
	28
	42
	56
	70

	1
	3
	42
	56
	70
	84



This time gap must be larger than the minimum time NT,1 + NT,2 + 0.5 + X (in symbols) for the entries in the default TDRA table (Table 6) to be valid. Now, comparing the columns in Table 8 and the minimum time in Table 3, the following can be observed for the candidate values for X:
· For X = 0.5/0.25 ms for 15/30 kHz SCS:
· Entries with j in the default TDRA table (Table 6) are invalid for both 15 and 30 kHz.
· The other entries (with j+1, j+2 or j+3) are valid for both 15 and 30 kHz.
· For X = 1/0.5 ms for 15/30 kHz SCS:
· Entries with j or j+1 for 15 kHz and entries with j for 30 kHz are invalid.
· The other entries (with j+1 or j+2 for 15 kHz, and j+1, j+2 or j+3 for 30 kHz) are valid.
· For X = 2/1 ms for 15/30 kHz SCS:
· Entries with j, j+1 or j+2 for 15 kHz and entries with j or j+1 for 30 kHz are invalid.
· The other entries (with j+3 for 15 kHz, and j+2 or j+3 for 30 kHz) are valid.
Based on this analysis, we propose to adopt the smallest value, i.e., 0.5/0.25 ms for 15/30 kHz SCS. Otherwise, i.e., if larger values are adopted, fewer valid entries in the default TDRA table would be available for the network to schedule Rel-18 eRedCap UEs. This impacts the scheduling flexibility of not only the Rel-18 eRedCap UEs but also other types of UEs in the cell.
Furthermore, specifying the smallest value for X would also help to minimize the impact (e.g., in terms of random-access delay) to Rel-17 RedCap UEs and “PR1-only UEs” in cases where “BW3/PR3 UEs” share the same early indication as Rel-17 RedCap UEs or in cases where the additional separate early indication (as discussed in Section 3.2) is common to both “PR1-only UEs” and “BW3/PR3 UEs”. 
[bookmark: _Ref134730617][bookmark: _Toc135049660]For the relaxation of the minimum time between the last symbol of RAR PDSCH and the first symbol corresponding Msg3 PUSCH transmission, select X = 0.5/0.25 ms for 15/30 kHz SCS. (This corresponds to Option 1 or Option 4.)

For Rel-18 eRedCap UEs (with UE BB bandwidth reduction) the need for an additional separate early indication in Msg1 can be motivated by the following reasons:
1. If the PDSCH conveying RAR messages to Rel-17 RedCap and Rel-18 eRedCap UEs is wider than 5 MHz, the Rel-18 eRedCap UEs might be unable to handle the legacy minimum time between RAR PDSCH and Msg3 PUSCH (as discussed in previous section). If it is desired to apply timing relaxation for Rel-18 eRedCap UEs alone, i.e., if a common timing relaxation for both Rel-17 RedCap and Rel-18 eRedCap UEs is not desired, then a separate Msg1 indication for Rel-18 eRedCap UEs is needed.

2. If it is desired to use different bandwidths for RAR PDSCH, i.e., larger than 5 MHz for Rel-17 RedCap UEs and equal to or smaller than 5 MHz for Rel-18 eRedCap UEs (so that the legacy minimum time is followed), then a separate Msg1 indication is needed. This might happen if there are many Rel-17 RedCap UEs attempting random access (and hence, larger RAR bandwidth due to RAR multiplexing of RARs) and TB scaling is used to recover coverage of (1-Rx) Rel-17 RedCap UEs.

3. If Msg3 PUSCH is to be scheduled with a wider bandwidth than 5 MHz for Rel-17 RedCap UEs (e.g., for RA-SDT) but with a smaller bandwidth than 5 MHz for Rel-18 eRedCap UEs, then a separate Msg1 indication is needed.

A potential separate Msg1 indication would be configurable by the network. Therefore, support of a separate Msg3 indication might also be useful for the cases when separate Msg1 indication is not configured (e.g., to minimize PRACH fragmentation), and Msg4 or Msg5 is to be scheduled with larger bandwidth than 5 MHz for Rel-17 RedCap UEs coming from RRC idle state. Note that it is not possible to schedule Msg3, Msg4, and Msg5 with larger than 5 MHz for Rel-18 eRedCap UEs.
Based on above considerations, in our view, additional separate early indication in Msg1 should be supported.
[bookmark: _Ref134730621][bookmark: _Toc135049661]Support an additional separate early indication in Msg1 for 4-step RACH. (This corresponds to Option 3 or Option 4.)
Taken together, Proposal 3 and Proposal 4 above correspond to Option 1. However, if a compromise is needed to reach an agreement, we are willing to accept that no additional separate early indication is introduced if the smallest value of X (0.5/0.25 ms for 15/30 kHz SCS) is selected. This would mean that enough many entries in the default TDRA table are valid so that an additional separate early indication in Msg1 would not be as critical. This would correspond to Option 1.
[bookmark: _Toc135049662]Option 4 is preferred. Option 1 or Option 3 is also acceptable as a compromise. Option 2 should not be selected.

3.1.2	PUSCH TDRA specific to eRedCap
Note that the network also has the possibility to configure specific values of K2 (as well as start and length of the PUSCH allocation) by configuring pusch-TimeDomainAllocationList in pusch-ConfigCommon in SIB1. If pusch-TimeDomainAllocationList is configured, the network applies the values in this list and not those in default the TDRA table. The K2 value in the PUSCH-TimeDomainResourceAllocationList is common to all UEs or to all RedCap UEs in the cell. It might be beneficial to have a PUSCH-TimeDomainResourceAllocationList that is specific to Rel-18 eRedCap UEs. This would enable the network to configure a larger K2 when scheduling Msg3 PUSCH, if needed.
[bookmark: _Toc135049663]Support PUSCH TDRA in pusch-ConfigCommon that is specific to Rel-18 eRedCap UEs.
· [bookmark: _Toc135049664]Detailed signaling solution is up to RAN2. 

3.1.3	UE behaviour in the ‘otherwise’ case
Regarding the highlighted part in the following agreement [2], we would like to suggest a revision.
	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 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.
· […]




Clause 8.2 in TS 38.213 [9] specifies the following for RAR:
	[bookmark: OLE_LINK6][bookmark: OLE_LINK7]If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window, or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window and LSBs of a SFN field in the DCI format 1_0, if included and applicable, are not same as corresponding LSBs of the SFN where the UE transmitted PRACH, or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE shall be ready to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception, where  is a time duration of  symbols corresponding to a PDSCH processing time for UE processing capability 1 assuming  corresponds to the smallest SCS configuration among the SCS configurations for the PDCCH carrying the DCI format 1_0, the corresponding PDSCH when additional PDSCH DM-RS is configured, and the corresponding PRACH. For , the UE assumes  [6, TS 38.214]. For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines  assuming SCS configuration .



The highlighted case in the earlier agreement could be treated in the same way as the other cases described in the above paragraph in TS 38.213, so that the UE behavior is more well-defined. Similar well-defined behavior can be specified for the other similar cases identified in RAN1#112bis-e (Cases 2a, 2b, 4a, 4b). Therefore, we have the following proposal:
[bookmark: _Toc135049665]Revise the highlighted bullet in the above earlier agreement to the following:
· [bookmark: _Toc135049666]Otherwise, the UE behavior is the same as if the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window (as specified in clause 8.2 in TS 38.213).

3.1.4	UE behaviour in similar cases
RAN1#112bis-e made the following agreements regarding timeline relaxation for other similar cases [2]:
	Agreement:
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




Each one of these cases needs to be considered separately, but in general we think that for applicable cases, the same random access timeline relaxation can be chosen as for the case described in earlier sections.
[bookmark: _Toc135049667]For applicable cases, choose the same random access timeline relaxation (X = 0.5/0.25 ms or 1/0.5 ms for 15/30 kHz SCS) as in the case described in earlier sections.
For similar reasons as described for 4-step RACH in Section 3.1.1, a separate early indication in MsgA PRACH of 2-step RACH should be supported.
[bookmark: _Toc134732461][bookmark: _Toc135049668]If an additional separate early indication in Msg1 for 4-step RACH is supported, then an additional separate early indication in MsgA PRACH for 2-step RACH is also supported.

3.2	Simultaneous reception
RAN1#112 made the following conclusion about simultaneous reception of two broadcast transmissions [2]:
	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.




So, for simultaneous reception of two broadcast transmissions (except Msg4), the following applies [8]:
	The UE in RRC_IDLE and RRC_INACTIVE modes shall be able to decode two PDSCHs each scheduled with SI-RNTI, P-RNTI, RA-RNTI or TC-RNTI, with the two PDSCHs partially or fully overlapping in time in non-overlapping PRBs.



RAN1#112 and RAN1#112bis-e discussed simultaneous reception of unicast and broadcast transmissions without reaching a conclusion [3]. Currently, the following is specified for this case [8]:
	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.
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.
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.



RAN1#112bis-e also made the following conclusion about simultaneous reception of unicast and broadcast transmissions [2]:
	Conclusion:
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




Note that a gNB implementation can choose to avoid scheduling of a unicast channel and a broadcast channel on overlapping time resources.
3.2.1	Autonomous SI acquisition and Msg4
As mentioned above, RAN1 has concluded that “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”, and we think that the same behavior can be applied for Msg4 PDSCH scheduled by TC-RNTI. Therefore, we have this proposal:
[bookmark: _Toc135049669]For UE BB bandwidth reduction, the UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, CS-RNTI, or TC-RNTI during a process of autonomous SI acquisition.

3.2.2	P-RNTI triggered SI acquisition
For P-RNTI triggered SI acquisition, we think that the requirements on the UE can also be somewhat relaxed, for example by reusing the behavior specified for Capability 2, meaning that the UE may skip decoding of the unicast transmission (resulting in somewhat higher latency due to HARQ retransmission in this case).
[bookmark: _Toc135049670]For UE BB bandwidth reduction, for P-RNTI triggered acquisition, the same behaviour applies as in the Capability 2 case mentioned in the following paragraph in TS 38.214 clause 5.1:
· [bookmark: _Toc135049671]“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.”

3.3	MsgB PDSCH bandwidth
RAN1#112bis-e made the following agreement regarding the Msg4 PDSCH bandwidth [2]:
	Agreement:
Confirm the following working assumption by assuming that Msg3 indication is available:
· 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.




RAN1#112bis-e also sent an LS in [10] to inform RAN2 about the following case, to consider, if needed, the UE behavior in the RAN2 specifications, and ask RAN2 for feedback if any:
· For UE BB complexity reduction, the case when the UE detects a DCI scheduling a Msg4 PDSCH transmission with a larger bandwidth than it can receive or process
RAN1#112bis-e also discussed this proposal on MsgB PDSCH bandwidth without reaching a conclusion [3]:
	Medium Priority Proposal 2.9-1b:
Assuming that MsgA indication is available,
· For UE BB complexity reduction, a UE is able to receive a MsgB PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a MsgB PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.




In our view, the same proposal can be considered again.
[bookmark: _Toc135049672]Assuming that MsgA indication is available,
· [bookmark: _Toc135049673]For UE BB complexity reduction, a UE is able to receive a MsgB PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· [bookmark: _Toc135049674]The UE is not required to process a MsgB PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

3.4	MBS PDSCH bandwidth
RAN1#112bis-e discussed potential restriction of the bandwidth for broadcast and multicast MBS PDSCH transmissions without reaching a conclusion [3]. We largely agree with the analysis in contribution [11] and its proposals. However, we would like to add an FFS for the PDSCH repetition case.
[bookmark: _Toc135049675]For broadcast MBS PDSCH, allow the scheduling to be larger than 5MHz (as in legacy operation). The PDSCH repetition case is FFS.
[bookmark: _Toc135049676]For multicast MBS PDSCH, the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.

4	Conclusion
In the previous sections, we made the following observations:
Observation 1	If RARs for many UEs are multiplexed in the same PDSCH, the TBS would be larger, and as a result, the required RAR bandwidth would be larger than 5 MHz.
Observation 2	Applying TB scaling to recover coverage of 1-Rx RedCap UEs would require transmitting PDSCH over a larger number of PRBs, exceeding 5 MHz even when it contains only a single RAR message.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Agree the following (without any intention to indicate whether the 10-Mbps peak rate target is a minimum peak rate or a fixed peak rate):
Proposal 2	If Proposal 3.1-1h from RAN1#112bis-e cannot be agreed, as a potential way forward, consider discussing what legacy features (e.g., MIMO) that can be supported as optional features by Rel-18 eRedCap UEs, before proceeding to decide on the values of X and Y.
Proposal 3	For the relaxation of the minimum time between the last symbol of RAR PDSCH and the first symbol corresponding Msg3 PUSCH transmission, select X = 0.5/0.25 ms for 15/30 kHz SCS. (This corresponds to Option 1 or Option 4.)
Proposal 4	Support an additional separate early indication in Msg1 for 4-step RACH. (This corresponds to Option 3 or Option 4.)
Proposal 5	Option 4 is preferred. Option 1 or Option 3 is also acceptable as a compromise. Option 2 should not be selected.
Proposal 6	Support PUSCH TDRA in pusch-ConfigCommon that is specific to Rel-18 eRedCap UEs.
· Detailed signaling solution is up to RAN2.
Proposal 7	Revise the highlighted bullet in the above earlier agreement to the following:
· Otherwise, the UE behavior is the same as if the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window (as specified in clause 8.2 in TS 38.213).
Proposal 8	For applicable cases, choose the same random access timeline relaxation (X = 0.5/0.25 ms or 1/0.5 ms for 15/30 kHz SCS) as in the case described in earlier sections.
Proposal 9	If an additional separate early indication in Msg1 for 4-step RACH is supported, then an additional separate early indication in MsgA PRACH for 2-step RACH is also supported.
Proposal 10	For UE BB bandwidth reduction, the UE is expected to decode a PDSCH scheduled with C-RNTI, MCS-C-RNTI, CS-RNTI, or TC-RNTI during a process of autonomous SI acquisition.
Proposal 11	For UE BB bandwidth reduction, for P-RNTI triggered acquisition, the same behaviour applies as in the Capability 2 case mentioned in the following paragraph 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.”
Proposal 12	Assuming that MsgA indication is available,
· For UE BB complexity reduction, a UE is able to receive a MsgB PDSCH resource allocation spanning a bandwidth of more than ~5 MHz per slot.
· The UE is not required to process a MsgB PDSCH with a larger number of PRBs than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
Proposal 13	For broadcast MBS PDSCH, allow the scheduling to be larger than 5MHz (as in legacy operation). The PDSCH repetition case is FFS.
Proposal 14	For multicast MBS PDSCH, the number of PRBs scheduled in DCI is not larger than 25 PRBs for 15 kHz SCS and 12 PRBs for 30 kHz SCS.
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