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Introduction
In RAN#99, the following was agreed
	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




Our understanding of above RAN agreement is that a R18 Redcap UE may optionally support processing of more PRBs than 25/12 for unicast, however, must support the same initial access as UE capable of processing at most 25/12RB for unicast.
Discussion
BW reduction design 
 Simultaneous SI update by paging + unicast in RRC connected mode
	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


In our opinion, MSG4 should be treated as unicast in above agreement.
Besides MSG4, there is one remaining case open. The case when SI update is triggered by RRC connected mode paging. In previous discussions for Idle mode paging, it was assumed that BW3/PR3 UE will have enough memory to post FFT buffer 20MHz x slot. And threfore may process SI/paging in later slot(s). On the other hand, in RRC connected mode, UE should receive continuous stream of 5MHz unicast PDSCHs. Figure 1 illustrate the difference between IDLE and RRC connected mode.  
In IDLE mode, UE receives SI, and can keep all samples in buffer during next slot, this to process it with an extra delay of X=1 slot (case being similar to MSG2).  
Contrary, in RRC connected mode, when UE receives unicast in slot n+1, it must keep samples from SI. This means that UE needs 20MHz x 1slot buffer from slot n+1 and still keep 15MHz x 1slot buffer from slot n.  In addition, since BB processing power is limited, it may not receive SI, until after unicast transmissions stops.   
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Figure 1 Difference between reception of SI in IDLE and Connected Mode

To prevent increase in post-FFT buffer size and impact to SI processing delay in RRC connected mode, the PR3 UE should be allowed to drop reception in n+1, if SI and unicast(if any) spanning more than 5MHz was scheduled in slot n.
Proposal-1: For PR3 UE, when UE is scheduled to receive in RRC connected mode a non-overlapping SI and unicast PDSCH (if any) spanning more than 5MHz in a slot n, UE is not required to receive in slot n+1.



Relaxation of processing timeline for RAR 
	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).





Even if X=1/0.5 is selected, there is still no strong motivation to offset the K2 for MSG3. The minimum processing time for RAR PDSCH to MSG3 is specified here. 
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Figure 2 Excerpt from TS38.213

Minimum processing timeline currently is N1+N2+0.5ms, i.e. 
· 15kHz : N2=10 + N1=14 + 7 symbols = 2 slots and 3 symbols from last symbol of MSG2 PDSCH
· 30kHz : N2=12 + N1=13+ 14 symbols = 2 slots and 11 symbols from last symbol of MSG2 PDSCH


Offset of RAR to MSG3 is formed by (a)  (b)  
· =3slots in 15kHz SCS 
· =4slots in 30kHz SCS
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When eRedCap delay of X=1slot is added on top. Processing timeline becomes 
· 15kHz SCS: 3 slots and 3 symbols > 3 slots K2
· 15kHz SCS: 3 slots and 11 symbols < 4 slots K2

When looking at Table 6.1.2.1.1

· For 30kHz SCS, there is no restriction to scheduling at all.
· For 15kHz SCS, gNB may need to avoid scheduling first 4 rows, or schedule shorter MSG2 PDSCH, i.e. ending at 10th symbol of the slot. 
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Proposal-2: There is no need to update TDRA table, j nor .

We do not see any technical issue with introducing MSG1 early identification for R18 UE. Extension of R17 MSG1 early identification is straightforward and feasible. We understand that R17 partitioning is complicated and prone to gNB misconfiguration, however hard to believe that adding R18 separate early identification to the early indication framework would make it significantly worse.

Therefore, we support Option 3 with removing FFS. And since technical feasibility is not challenged by objecting companies, let RAN plenary to decide in case of lack of consensus in RAN1.

Proposal-3: Select option 3 with removing FFS. If no consensus can be found in RAN1 among options, task RAN plenary to make decision on behalf of RAN1. 

	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




Case 2a: FallbackRAR ( MSGB) should follow MSG2 handling, i.e. up to 20MHz. This means X applies as in 4-step RACH.

Case 2b: SuccessRAR (MSGB) should follow MSG4 agreement, so up to 20MHz, but UE not required to process if >20MHZ. This means no relaxation is needed, per se


Case 4a/4b. As shown in below excerpt, there is mandatory timeline specified, which if not captured already by some RAN5 test-case will be tested by some carrier-specific test cases . This should not be left up to UE implementation. In our opinion, N1+0.75ms timeline should be extended by X. This does not cause any coex issue to network, because the only difference is that in some cases UE picks later CBRA PRACH. 
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Figure 3 Excerpt from 38.213

Proposal-4: For the discussed cases, adopt the following:

	Case
	Max BW
	Relaxation by X needed

	2a
	up to 20MHz (new)
	Yes

	2b
	up to 20MHz but nor required to process more than 5MHz (new)
	No

	4a
	up to 20MHz (as agreed)
	Yes

	4b
	up to 20MHz (as agreed)
	Yes



Peak reduction  
In RAN1#112 we agreed
	Agreement
Revise the earlier agreement by removing the square brackets like this:
· 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 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




In plenary RAN#98 it has been confirmed that [10] remains 10. And in plenary RAN#99, the PR1 standalone has been agreed. 

The peak TP is given by formula in 38.306, where X is a product of . The issue is that for 15 and 30KHz SCS the value may be different. And signaling currently supports only single value of f, which is applicable to both numerologies. 
  
Table 1 Peak rates for some values of X
	DL peak rate
	PR1 X=0.70
	PR1 X=0.725
	PR1 X=0.75
	PR3+PR1 X=3.0
	PR3+PR1 X=3.1
	PR3+PR1 X=3.2

	15kHz
	9,925
	10,279
	10,634
	10,032
	10,366
	10,701

	30kHz
	9,550
	9,891
	10,232
	9,630
	9,9512
	10,273




Second open aspect is signaling itself, if signaling is needed at all. There is limited set of values that can be indicated as part of capability signaling.
· f is limited to set of [1,0.8,0.75,0.4], default is 1
· Q is limited to set of [1,2,4,6,8] is mandatory
· v is limited to 1 or 2 for RedCap, default is 1

Set of values allowed in R17 specification for all the above combinations are:															
Table 2 R17 support values of X
	f
	v
	Q=1
	Q=2
	Q=4
	Q=6
	Q=8

	1
	1
	1
	2
	4
	6
	8

	1
	2
	2
	4
	8
	12
	16

	0.8
	1
	0,8
	1,6
	3,2
	4,8
	6,4

	0.8
	2
	1,6
	3,2
	6,4
	9,6
	12,8

	0.75
	1
	0,75
	1,5
	3
	4,5
	6

	0.75
	2
	1,5
	3
	6
	9
	12

	0.4
	1
	0,4
	0,8
	1,6
	2,4
	3,2

	0.4
	2
	0,8
	1,6
	3,2
	4,8
	6,4




As seen in Table2, value 3.2 and 3 can be reported with single and double layer, but 0.75 can be reported only with single layer. UE can report higher or lower MO, because MO is used only for the purpose of data-rate calculation (as seen below with highlighted text), but UE cannot report 2 layers if supports only 1 layer, and vice versa. 

Observation-1: Value 3 and 3.2 can be reported with single and double layer, but 0.75 can be reported only with single layer, if X is to be indicated with existing capability signaling.

For completeness here the 38.306 spec text:
	maxNumberMIMO-LayersPDSCH
Defines the maximum number of spatial multiplexing layer(s) supported by the UE for DL reception. For single CC standalone NR, it is mandatory with capability signalling to support at least 4 MIMO layers in the bands where 4Rx is specified as mandatory for the given UE and at least 2 MIMO layers in FR2. If absent, the UE does not support MIMO on this carrier.

supportedModulationOrderDL
Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included:
-	for FR1, the network uses the modulation order signalled per band i.e. [pdsch-1024QAM-FR1] when [pdsch-1024QAM-FR1] is signalled for the band, otherwise the network uses the modulation order signalled in pdsch-256QAM-FR1.
-	for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM.
In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12].

scalingFactor
Indicates the scaling factor to be applied to the band in the max data rate calculation as defined in 4.1.2. Value f0p4 indicates the scaling factor 0.4, f0p75 indicates 0.75, and so on. If absent, the scaling factor 1 is applied to the band in the max data rate calculation.




In case 10Mbits single peak rate is allowed for R18 RedCap, no signaling would be allowed, and value of X and Y would be directly captured in 38.306. The discussion on values in Table 2 is irrelevant.
Proposal-5: If single peak rate is defined for R18 RedCap, specify directly value of X and Y in 38.306, capability signaling f and Q is not applicable to R18 RedCap.
Values that satisfy 10Mbits peak rate for both SCS supported by eRedCap are 0.75 and 3.2, as shown in Table 1.

Proposal-6: Adopt 
· Y=0.75 for UE that supports processing of more RBs than defined by PR3/BW3
·  resulting in minimum peak rate 10,232 Mbps.
· X=3.2 for UE that supports processing of maximum number of RBs defined by PR3/BW3
·  resulting in minimum peak rate 10,273 Mbps.
Conclusions 
In this contribution we discussed issues related to further reduced complexity NR UE and we had the following observations and proposals:
Proposal-1: For PR3 UE, when UE is scheduled to receive in RRC connected mode a non-overlapping SI and unicast PDSCH (if any) spanning more than 5MHz in a slot n, UE is not required to receive in slot n+1.
Proposal-2: There is no need to update TDRA table, j nor .

Proposal-3: Select option 3 with removing FFS. If no consensus can be found in RAN1 among options, task RAN plenary to make decision on behalf of RAN1. 

Proposal-4: For the discussed cases, adopt the following:

	Case
	Max BW
	Relaxation by X needed

	2a
	up to 20MHz (new)
	Yes

	2b
	up to 20MHz but nor required to process more than 5MHz (new)
	No

	4a
	up to 20MHz (as agreed)
	Yes

	4b
	up to 20MHz (as agreed)
	Yes



Observation-1: Value 3 and 3.2 can be reported with single and double layer, but 0.75 can be reported only with single layer, if X is to be indicated with existing capability signalling.

Proposal-5: If single peak rate is defined for R18 RedCap, specify directly value of X and Y in 38.306, capability signaling f and Q is not applicable to R18 RedCap.
Proposal-6: Adopt 
· Y=0.75 for UE that supports processing of more RBs than defined by PR3/BW3
·  resulting in minimum peak rate 10,232 Mbps.
· X=3.2 for UE that supports processing of maximum number of RBs defined by PR3/BW3
·  resulting in minimum peak rate 10,273 Mbps.
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The UE may assume a minimum time between the last symbol of a PDSCH reception conveying a RAR message with a
RAR UL grant and the first symbol of a corresponding PUSCH transmission scheduled by the RAR UL grant is equal

to Npy + Npp + 0.5 -, where Ny, is a time duration of N; symbols corresponding to a PDSCH processing time for
UE processing capability 1 when additional PDSCH DM-RS is configured. Ny, is a time duration of N, symbols
corresponding to a PUSCH preparation time for UE processing capability 1 [6. TS 38.214] and, for determining the

minimum time, the UE considers that N; and N, correspond to the smaller of the SCS configurations for the PDSCH
and the PUSCH. Pbr u = 0. the UE assumes N, o = 14 [6, TS 38.214].
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Table 6.1.2.1.1-4: Definition of value j
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Table 6.1.2.1.1-5: Definition of value A

HpuscH

w(no|=|o
[SIESTIEILNL S





image5.png
Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A for normal CP

Row index PUSCH K2 S L
mapping type
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 Jaal 0 14
9 Type A Jaal 0 12
10 Type A Jaal 0 10
11 Type A A2 0 14
12 Type A f+2 0 12
13 Type A A2 0 10
14 Type B j 8 6
15 Type A +3 0 14
16 Type A 43 0 10
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The UE does not expect to be indicated to transmit the PUCCH with the HARQ-ACK information at a time that is prior
to a time when the UE applies a TA command that is provided by the transport block. If the UE does not detect the DCI
format 1_0 with CRC scrambled by the corresponding MsgB-RNTI within the window, or if the UE detects the DCI
format 1_0 with CRC scrambled by the corresponding MsgB-RNTI within the window and LSBs of a SEN field in the
DCI format 1_0, if applicable, are not same as corresponding LSBs of the SFN where the UE transmitted the 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 only PRACH according to Type-1 random access procedure or to transmit both
PRACH and PUSCH according to Type-2 random access procedure [11, TS 38.321]. If requested by higher layers, the
UE is expected to transmit a PRACH no later than Ny, + 0.75 msec after the last symbol of the window, or the last
symbol of the PDSCH reception. where Ny, is a time duration of N; symbols corresponding to a PDSCH processing
time for UE processing capability 1 when additional PDSCH DM-RS is configured. For u = 0. the UE assumes N, ; =
14 [6, TS 38.214].
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