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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 
SRS BW reduction
Based on study item and consequent WID, reduction of SRS BW to 5MHz is not in scope. On the other hand, SRS seem to be the only channel in UL that can span >5MHz, based on current agreements. Short PRACH is confined within 5MHz, even though requires 12PRBs. Therefore, we propose that SRS restriction to 5MHz is considered. It would result in scheduling restrictions in “Table 6.4.1.4.3-1: SRS bandwidth configuration”. On the other hand, UE could reduce its transmission BW from 20MHz to 5MHz for all UL channels and signals. 
In the last meeting, companies argued that 5MHz SRS would negatively impact the frequency selective scheduling at the gNB. This is not fully true, because SRS hopping within 20MHz would be still possible. 
Proposal-1: Consider restricting SRS to 5MHz, being currently the only UL channel/signal spanning more than 5MHz for R18 RedCap UE.
Relaxation of processing timeline for RAR  
	Agreement
For the earlier RAN1 agreement achieved in RAN1#111 as following,
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

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 selected for SCSs



The only open issue is the value of X in above agreement. After checking internally, we would be ok with 1 slot processing delay. 
Proposal-2: Select X=1/0.5.
Need for MSG1 early identification   
If X=1/0.5 is selected, there is clearly no strong motivation to offset the K2 for MSG3 for HD and FD FDD. For TDD, having all 4 K2 offsets in table 6.1.2.1.1-2 would be valuable. 

Offset of RAR to MSG3 is formed by (a) N2 timeline corresponding to j (b) N1 + 0.5ms corresponding to  The “N1 + 0.5ms” is 1.5slots and 2 slots in 15kHz resp. 30kHz SCS, however,  is 2 and 3 slots respectively as shown in 6.1.2.1.1-5. Therefore,  has currently 0.5ms extra delay for processing. 
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When 15kHz minimum processing timeline is extended by 1ms, this means that gNB cannot schedule within fist half-slot, i.e. cannot schedule rows 1-7 in Table 6.1.2.1.1-2 in 15kHz SCS scenario. Whether such restriction is an issue, should be discussed in RAN1#112b-e. 
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Proposal-3: Discuss whether it is essential to increase  offset for RAR to MSG3 scheduling of R18 eRedcap UE.

If  is agreed, then MSG1 early identification must be supported for R18 eRedCap. However, even if  is not introduced, we do not see an issue with allowing at least to configure existing R17 MSG1 identification feature only for R18 RedCap UE, this being the latest compromise proposal in RAN#112. 

Proposal-4: Allow R17 MSG1 identification feature to be configured to R18 RedCap UE at least when it is not configured to R17 RedCap UE. 

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, 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.

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.




Having different X for 15kHz and 30kHz has not been desirable in RAN1#112, and companies are not willing to compromise for X=3 either. One more attempt for compromise could be X=0.725 and X=3.1 with peak rates as shown in Table 1. These values cannot be currently signaled with RAN2 framework. On the other, also 0.75 cannot be signaled currently when RedCap UE supports two layers, whole 0.8 results in 11.3Mbits peak rate. 

Therefore, values X=0.725 (if UE does not support PR3) and (X=3.1 if UE supports PR3) could be defined as default options when RedCap UE does not report parameter scalingFactor.  This would have very limited impact to specification.

Proposal-5: As compromise, we could consider that for the case when scalingFactor is not reported by the RedCap UE 
· X=0.725 if UE supports processing of more RBs than defined by PR3/BW3 
· X=3.1 if UE supports processing of maximum number of RBs defined by PR3/BW3.
Capability discussion 
 In TDD, a UE should be mandatory capable of receiving two UL unicast DCIs per slot, as part of FG3-1. However, the same does not apply to FDD. The reason here is that for FD-FDD such capability is not beneficial, while in TDD there is a clear benefit. 
	1) One configured CORESET per BWP per cell in addition to CORESET0
- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2
- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2
- REG-bundle sizes of 2/3 RBs or 6 RBs
- Interleaved and non-interleaved CCE-to-REG mapping
- Precoder-granularity of REG-bundle size
- PDCCH DMRS scrambling determination
- TCI state(s) for a CORESET configuration
2) CSS and UE-SS configurations for unicast PDCCH transmission per BWP per cell
- PDCCH aggregation levels 1, 2, 4, 8, 16
- UP to 3 search space sets in a slot for a scheduled SCell per BWP
This search space limit is before applying all dropping rules.
- For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1
4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table
5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD


Similar benefit is there for HD-FDD, where if two PUSCH scheduling DCI are allowed, and in case where single UE is scheduled in the cell, HD-FDD UE throughput can be increased from 50->75% of that of FD-FDD, this directly improving the spectral efficiency of HD-FDD scheduler. Scheduling is illustrated in Figure 1.
[image: ]
Figure 1 Improving spectral efficiency for HD-FDD with allowing 2 UL unicast DCI per slot

Proposal-6: A R18 RedCap UE supporting half-duplex, should be capable to process one additional unicast DCI scheduling UL [per slot per scheduled CC] for FDD.
	X. NR_e-redcap
	X-Y
	Half-duplex FDD operation for RedCap UE
	1. Half-duplex FDD operation (instead of full-duplex FDD operation) for RedCap UE
2. Processing one additional unicast DCI scheduling UL per slot [per scheduled CC] for FDD
	X-1


Conclusions 
In this contribution we discussed issues related to further reduced complexity NR UE and we had the following observations and proposals:
Proposal-1: Consider restricting SRS to 5MHz, being currently the only UL channel/signal spanning more than 5MHz for R18 RedCap UE.
Proposal-2: Select X=1/0.5.
Proposal-3: Discuss whether it is essential to increase  offset for RAR to MSG3 scheduling of R18 eRedcap UE.
Proposal-4: Allow R17 MSG1 identification feature to be configured to R18 RedCap UE at least when it is not configured to R17 RedCap UE. 

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.

Proposal-5: As compromise, we could consider that for the case when scalingFactor is not reported by the RedCap UE 
· X=0.725 if UE supports processing of more RBs than defined by PR3/BW3 
· X=3.1 if UE supports processing of maximum number of RBs defined by PR3/BW3.
Proposal-6: A R18 RedCap UE supporting half-duplex, should be capable to process one additional unicast DCI scheduling UL [per slot per scheduled CC] for FDD.
	X. NR_e-redcap
	X-Y
	Half-duplex FDD operation for RedCap UE
	3. Half-duplex FDD operation (instead of full-duplex FDD operation) for RedCap UE
4. Processing one additional unicast DCI scheduling UL per slot [per scheduled CC] for FDD
	X-1



image1.png
Table 6.1.2.1.1-5: Definition of value A
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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





image3.emf
Half-slot # 0 1 2 3 4 5 6 7 8 9 10 11

NR PDCCH

HARQ#1+2

1110000

HARQ#3+4

1110000

HARQ#5+6

1110000

HARQ#7+8

1110000

NR PUSCH HARQ#1 HARQ#1 HARQ#2 HARQ#2 HARQ#3 HARQ#4

GAP 000111 000111 000111 000111



3GPP TSG RAN WG1 #1


1


2


b


-


e


 


R1


-


230


3536


 


e


-


Meeting


,


 


Apr


 


1


7


 


–


 


Apr 26


, 202


3


 


 


Agenda item:


 


 


9.6.1


 


Source:


 


Nordic Semiconductor ASA


 


Title:


 


 


 


 


 


O


n further complexity reduction 


of NR UE


 


Document for:


 


 


Discussion and Decision


 


1


 


Introduction


 


In RAN


#9


9


, 


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


 


 


N


ote 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 corre


sponds to PRB size 


corresponding to 20 MHz.


 


N


ote 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


 


v


Layers


·


Q


m


·


f


 


 


 


in order to


 


have the same 


peak rate.


 


N


ote 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 


R


edcap 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.


 


2


 


Discussion


 


2.1


 


BW


 


reduction design


 


 


2.1.1


 


SRS BW 


reduction


 


Based on study item 


and consequent WID, reduction of SRS BW to 5MHz is not in scope. On the other hand, 


SRS


 


seem 


to be


 


the 


only channel in 


UL that can span 


>5MHz


, based on current agreements


.


 


Short 


PRACH is confined within 


5MHz


, even though 


requires 12PRBs. 


Therefore, we propose that SRS restriction to 5MHz is considered


. It would 


result in scheduling restrictions in “Table 6.4.1.4.3


-


1: SRS bandwidth configuration”


. 


On the other hand


,


 


UE could


 


reduce its transmission BW from 20M


Hz to 5MHz


 


for all 


UL 


channels and signals


.


 


 


In 


the 


la


st meeting


,


 


companies argued that 


5MHz SRS would 


negatively


 


impact 


the frequency selecti


ve scheduling at 


the gNB. This


 


is 


not fully tr


ue, because SRS


 


hopping 


wit


hin 20M


H


z would be sti


ll 


possible. 


 




3GPP TSG RAN WG1 #1 1 2 b - e   R1 - 230 3536   e - Meeting ,   Apr   1 7   –   Apr 26 , 202 3     Agenda item:     9.6.1   Source:   Nordic Semiconductor ASA   Title:           O n further complexity reduction  of NR UE   Document for:     Discussion and Decision  

1

  Introduction   In RAN #9 9 ,  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     N ote 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 corre sponds to PRB size  corresponding to 20 MHz.   N ote 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   v Layers · Q m · f       in order to   have the same  peak rate.   N ote 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  R edcap 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.  

2

  Discussion   2.1   BW   reduction design     2.1.1   SRS BW  reduction   Based on study item  and consequent WID, reduction of SRS BW to 5MHz is not in scope. On the other hand,  SRS   seem  to be   the  only channel in  UL that can span  >5MHz , based on current agreements .   Short  PRACH is confined within  5MHz , even though  requires 12PRBs.  Therefore, we propose that SRS restriction to 5MHz is considered . It would  result in scheduling restrictions in “Table 6.4.1.4.3 - 1: SRS bandwidth configuration” .  On the other hand ,   UE could   reduce its transmission BW from 20M Hz to 5MHz   for all  UL  channels and signals .     In  the  la st meeting ,   companies argued that  5MHz SRS would  negatively   impact  the frequency selecti ve scheduling at  the gNB. This   is  not fully tr ue, because SRS   hopping  wit hin 20M H z would be sti ll  possible.   

