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Introduction
In RAN#98, the following was agreed
	· For restriction of the WI (e.g., connectivity restriction, band, etc), keep the objective as it is, i.e., inheriting Rel-17 restrictions on Redcap
· Keep the minimum target peak rate as 10Mbps
· Update the WID by adding objective: Support an additional separate early indication (RAN1, RAN2)
· How to support is decided by WGs
· UE peak rate reduction as a standalone feature: revisit at RAN #99 (no additional discussion in RAN1 in Q1/23)
· Upper layer part (RAN2) will be discussed at RAN #99 in March 23 




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. 
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 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


When further checking the RAR content, one RAR sub-PDU is not large in terms of payload (64bits), but gNB may include multiple RAR/RAPID/BIs sub-PDUs in single MAC PDU, which is upper bounded at ~180kbits assuming CORESET#0 size of 96PRBs. Therefore, if some reasonable restriction for TBS of RAR is introduced (e.g. 1280 bits), we believe X could be set to 0, i.e. no processing relaxations need to be introduced. Restriction of RAR TBS should not cause any backward compatible issues, because eNB can still fit more than 10 RAR sub-PDUs to the RAR PDSCH.  
[image: ]
Proposal-2: X=0 if RAR payload is restricted by specification to e.g. 1280bits, otherwise X>0. 
Option 3 vs Option 4
A dedicated BWP can be as large as 20MHz for R18 RedCap, the only benefit from Option 4 is there for PUSCH with transform precoding, which is intended for coverage scenarios. When considering tx power limit, in coverage scenario it is better to transmit with less PRBs. Therefore, keeping 25/11 PRB in both UL and DL would be just fine, in our opinion. 

Proposal-3: Support 25/11 PRBs as nominal scheduling restriction for data channels, i.e. Option 3.

Scheduling restriction design
For scheduling restriction design, consider that DCI format sizes are the same as for R17 RedCap, because those are determined from initial BWP or CORESET#0 size. Both CORESET#0 as well as initial/separate-initial BW are applicable also for R18 RedCap UEs. For non-fall-back DCI formats, optimization could be done, but in our opinion benefit is not worth of specification effort.

Proposal-4: DCI format sizes determination is the same as for legacy non-RedCap UEs.

In RAN1#110b-e, it has been debated on whether scheduling restriction is per hop, slot [or symbol]. On one hand, one could argue that processing complexity of DL receiver is dictated by channel estimator, and only number of PRBs matter. However, in NR complexity of channel estimation grows with PDSCH length, as seen in Table 7.4.1.12-3. While for short PDSCH, only front-load DMRS are applicable, with longer PDSCH, UE shall support (and must be prepared) for up to 3 DMRS positions. Time-domain interpolation is increasing the complexity of channel estimation. 
If restriction would be defined in RB-symbol units instead of PRBs, it would enable gNB to schedule type-A 7-symbol unicast PDSCH with 50RBs, while 14-symbol unicast PDSCH with 25RBs. For both cases, processing complexity across different PDSCH length could remain roughly constant. In addition, such defined restriction would also cover the hops in UL. 
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Proposal-5: Define scheduling restriction for R18 Redcap unicast PDSCH and PUSCH in RB-symbols units instead of PRBs.

Peak reduction  
In RAN1#111 we agreed
	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




Further in Plenary RAN1#111 it has been confirmed that [10] remains 10.

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. 
  
· For 15kHz SCS, the X=3.0 would result in 10 Mbits DL
· For 30kHz SCS, the X=3.4 would result in 10 Mbits DL

Second open aspect is signaling itself, there is limited set of values that can be indicated as part of capability signalling
· 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:

	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




Value 3.0 can be reported with one green combination when reporting 1 layer capability and with red combination when reporting 2 layers. 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. The value 3.4 cannot be reported at all.

Observation-1: Current signaling does support value 3.0, but does not support value 3.4

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.





Therefore, our first preference is to select 3.0 for both 15 and 30kHz spacing. However, if such proposal is not agreeable, we suggest defining=3.0 and introduce scaling for 30kHz SCS, = for R18 RedCap. 
Proposal-6: For R18 RedCap UE X=3.0, and if 10Mbits peak rate for 30kHz SCS is deemed needed, define =.
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: X=0 if RAR payload is restricted by specification to e.g. 1280bits, otherwise X>0. 
Proposal-3: Support 25/11 PRBs as nominal scheduling restriction for data channels, i.e. Option 3.

Proposal-4: DCI format sizes determination is the same as for legacy non-RedCap UEs.

Proposal-5: Define scheduling restriction for R18 Redcap unicast PDSCH and PUSCH in RB-symbols units instead of PRBs.

Observation-1: Current signaling does support value 3.2, but does not support value 3.6.
Proposal-6: For R18 RedCap UE X=3.0, and if 10Mbits peak rate for 30kHz SCS is deemed needed, define =.
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