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[bookmark: _Ref521334010]Introduction
In Rel-17, a new type of UE with reduced capability, i.e. RedCap UE, was introduced to support scenarios with middle transmission requirements, such as industrial sensors, video surveillance, and wearables. To further expand the market for RedCap use cases with relatively low cost, low energy consumption, and low data rate requirements, further complexity reduction is considered in Rel-18. After a short study phase, a new WID was approved in RAN#97-e to continue reducing UE complexity for RedCap UE in Rel-18, a.k.a. eRedCap. The WID is further updated in RAN#98-e [1]. 
In this contribution, we provide our views on these potential solutions for Rel-18 RedCap evolution. In addition, we analyze coexistence issue between Rel-18 RedCap UE, non-RedCap UE and Rel-17 RedCap UE. 
Discussion
[bookmark: _Ref101701747]UE BB bandwidth reduction
[bookmark: _Ref115040410]Random access timeline
The following agreement was reached in RAN1#112 regarding RAR PDSCH reception and Msg3 scheduling timeline [3]:
	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 remaining issue is the exact value of X (ms) for the minimum time between RAR PDSCH and Msg3, i.e. NT,1 + NT,2 + 0.5 + X ms. It is expected that X comes from additional processing time for RAR PDSCH when it is larger than 5 MHz bandwidth. Theoretically, the larger bandwidth is allocated to RAR PDSCH, the longer processing time may be required. In the worst case, X may be equivalent to 3*NT,1 to deal with the exceeded 15 MHz RAR PDSCH at most. However, the processing time does not increase linearly with the RAR PDSCH bandwidth. For example, channel estimation based on DMRS may be done only once, and thus processing a 10 MHz RAR PDSCH does not double the time duration than processing a 5 MHz RAR PDSCH. For another example, there may be no difference between processing 8 MHz and processing 9 MHz RAR PDSCH. In short, we think it is proper to consider X no larger than 1 ms.
Among all candidates, X=0.5/0.25 ms for 15/30 kHz SCS has the smallest restriction to network scheduling, so as the least potential impact to R17 RedCap UEs without Msg1 early indication. This is our first preference. X=1/0.5 ms for 15/30 kHz SCS is also a considerable choice since the timeline is extended only by 1 slot. X=2/1 ms for 15/30 kHz SCS is not preferred, since the relaxation is unnecessarily exaggerated.
Proposal 1: When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the Rel-18 RedCap UE can process per slot, for the reference time restriction NT,1 + NT,2 + 0.5 + X (ms), the value of X is:
· 0.5/0.25 ms for 15/30 kHz SCS (1st preference),
· 1/0.5 ms for 15/30 kHz SCS (2nd preference).
MsgB PDSCH bandwidth
In RAN1#112, the following WA on Msg4 PDSCH was achieved [3]:
	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.


It is still FFS whether MsgB PDSCH follows the same principle with Msg4 PDSCH, i.e. allocable PRB number is limited to 25/12 for 15/30 kHz SCS, while non-continuous PRB allocation spreading the whole BWP is allowed. Before further discussion, we would like to remind that RAN2 has the following agreement in the last meeting [4]:
	· Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap. FFS how to implement this in the spec (e.g., new LCIDs or not).


Now we have the following observation:
· Considering that early indication from MsgA PUSCH is likely to be mandatorily supported, the gNB shall always be able to aware a Rel-18 RedCap UE before MsgB transmission. Hence, gNB is capable to schedule MsgB with proper PRB number.
· HARQ-ACK is required for MsgB PDSCH reception in case MsgB contains successRAR. In order to meet the original PUCCH feedback timeline, it seems MsgB PDSCH should be limited within a PRB number corresponding to 5 MHz.
· From specification point of view, it is true that MsgB may contain one or more fallbackRAR for multiple UEs as well. Then MsgB provides similar function as legacy RAR. However, there are some ways to address this issue by implementation. For example, the gNB can send multiple fallbackRAR in multiple MsgBs (with small PRB number) within the msgB-ResponseWindow. No need to bundle multiple fallbackRAR within one MsgB.
Therefore, we have the following proposal: 
Proposal 2: MsgB PDSCH bandwidth be limited in the same way as for Msg4.
Simultaneous reception
In RAN1#112, the following conclusion was achieved on simultaneous reception of two broadcasting channels [3].
	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.


However, it is still FFS the case for simultaneous reception of one unicast PDSCH and one broadcast PDSCH. In our view, there is no need to relax the requirement for this case, either. When simultaneous reception of one unicast PDSCH and one broadcast PDSCH happens:
· For broadcast PDSCH,
· Except for RAR, the UE does not need to provide any kind of feedback. Thus it can buffer the broadcast PDSCH and decode it with longer processing time. No specification impact is expected.
· For RAR reception, i.e. Msg2, it happens during initial access. Msg3 will be scheduled by RAR, which may be considered as one kind of ‘feedback’. However, it seems impossible for a network to transmit another unicast PDSCH to the UE before its Msg3 is received. So simultaneous reception between RAR and a unicast PDSCH is unlikely to happen. 
· For unicast PDSCH, the UE should provide HARQ-ACK feedback in time, as clearly required by current specification. 
· Hence, when unicast PDSCH and broadcast PDSCH are received simultaneously, the UE may, by reasonable implementation, firstly decode the unicast PDSCH (and buffer the broadcast PDSCH) to satisfy the HARQ-ACK timeline, and subsequently decode the buffered broadcast PDSCH later. 
· Eventually, from view of HARQ-ACK feedback, this case is the same as only receiving single unicast PDSCH.
Based on the discussion above, we have the following proposal.
Proposal 3: For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of one unicast PDSCH and one broadcast PDSCH.
[bookmark: _Ref101701767][bookmark: _Ref109152483]Peak data rate reduction
Another possible solution for complexity reduction is to limit the peak data rate. The following agreement was made in RAN#99 [5]. 
	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


So obviously, we can conclude that PR1 can be supported as a standalone feature for Rel-18 RedCap UE.
Observation 1: PR1 is supported as a standalone feature for Rel-18 RedCap UE.
PR1 + BW3/PR3
In RAN1#112, the following agreement was reached [3]:
	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





For further down-selection between X=3 or X=3.2, based on the calculation according to TS 38.306, it is straightforward that:
· X=3.2 satisfies PR≥10 Mbps for all combinations, i.e. both DL and UL and both SCS=15 kHz and SCS=30 kHz. 
· X=3 may not satisfy PR≥10 Mbps in some combinations (e.g. DL in SCS=30 kHz), but the gap is marginal.
· Neither X=3.2 or X=3 needs to define new scalingFactor. The current scalingFactor (0.8 and 0.75) can serve the purpose of achieving vLayers·Qm·f =3.2 or vLayers·Qm·f =3.
In our view, the target data rate of 10 Mbps in WID is not an exact value that cannot be loosen slightly. As X=3 serves well in most combinations, it is still our first preference. But we can live with X=3.2.
Proposal 4: For the constraint vLayers·Qm·f ≥ X of add-on PR1 for Rel-18 RedCap UE, 
· X=3 (1st preference),
· X=3.2 (can live with).
PR1 as standalone feature
Based on the calculation according to TS 38.306, we have the following table for candidate value of vLayers·Qm·f ≥ Y for PR1 as standalone feature. 
Table 1 Peak data rate calculation with different combinations
	SCS
	BW (
	
	Maximum data rate (Mbps)
	Value of scaling factor 

	
	
	
	DL
	UL
	

	15 kHz 
	20 MHz (106)
	0.75
	10.6
	11.4
	0.1875

	
	
	0.8
	11.3
	12.2
	0.2

	
	
	1
	14.2
	15.2
	0.25

	30 kHz
	20 MHz (51)
	0.75
	10.2
	10.9
	0.1875

	
	
	0.8
	10.9
	11.7
	0.2

	
	
	1
	13.6
	14.6
	0.25


Current candidate set of scalingFactor is {1, 0.8, 0.75, and 0.4}. For all options, new scalingFactor should be defined. Y=1 is a little redundant to serve a target data rate of 10 Mbps. To achieve lower cost, Y=0.75 may be considered. But the newly defined scaling factor is 0.1875, which seems to be unnecessarily messy. Alternatively, Y=0.8 can also be considered, with a new elegant scaling factor of 0.2. We can choose from these two candidate values.
Proposal 5: For the constraint vLayers·Qm·f ≥ Y of standalone PR1 for Rel-18 RedCap UE, down-select from the following two options:
· Y=0.75, with new scaling factor 0.1875,
· Y=0.8, with new scaling factor 0.2.
[bookmark: _Ref109152486]Coexistence with non-RedCap UE and Rel-17 RedCap UE
[bookmark: _Ref130829450]Separate initial DL/UL BWP
The following conclusion was achieved in RAN1#112 [3].
	Conclusion
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”.


To us, this conclusion is quite unfortunate. The statement is a bit ambiguity, since it only says ‘no consensus to continue discussion’. However, the fact is that most companies do not agree to introduce additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs. The drawback from RAN1’s view is identified, at least including serious resource fragmentation, higher risk of NCD-SSB burden, higher risk of exceeding max SIB1 payload, increasing gNB complexity for RACH procedure and so on. This shall not totally leave to other WGs since RAN1 still has strong concern unaddressed.
To respect the previous conclusion, we should keep in mind that:
Proposal 6: By default, no additional separate initial DL/UL BWP is introduced dedicated to Rel-18 RedCap UE.
· From cell perspective, Rel-18 RedCap UE and Rel-17 RedCap UE share the same one initial DL/UL BWP, i.e. legacy initial DL/UL BWP, or BWP provided by initialDownlinkBWP-RedCap-r17 and initialUplinkBWP-RedCap-r17.
[bookmark: _Ref117591806]Early indication for Rel-18 RedCap UE
RAN2 reached the following agreement in the RAN2#121 [4].
	· Introduce Msg3/MsgA PUSCH based early indication for Rel-18 eRedCap. FFS how to implement this in the spec (e.g., new LCIDs or not).
· We will wait for RAN1 progress to see if there is a need for a Msg1 early indication for eRedCap.
· The NR MIB “cellBarred” bit applies to all UEs (Normal UEs, Redcap UEs and eRedcap UEs).


Based on the progress so far, we think early indication in Msg1 is not necessary:
· From RAN2’s agreement, it can be seen that additional separate early indication in Msg3 is supported for Rel-18 RedCap UE. It can be expected that separate early indication in Msg3 is a mandatory feature, the same as Rel-17 RedCap UE. Thus, the WID requirement on separate early indication is already fulfilled.
· From RAN plenary’s agreement (see Section 2.2), it can be seen that the Rel-18 RedCap UE may be in a form of ’20 MHz + PR1’. This means the difference between Rel-17 RedCap UE and Rel-18 RedCap UE can be even smaller, and hence the need to differentiate them before Msg3 is smaller too.
· For early indication in Msg1/MsgA PRACH, the specification impact in physical layer is larger to separate Rel-18 RedCap UE from Rel-17 RedCap UE. RACH resource fragmentation is another foreseen drawback. 
· Rel-18 RedCap UE is able to receive RAR PDSCH regardless of whether it is within 5 MHz or not. The only difference is the gap between RAR PDSCH and Msg3, which can be easily handled by gNB scheduling. 
Observation 2: From RAN1’s perspective, there is no strong motivation to support additional separate early indication for Rel-18 RedCap UE in Msg1/MsgA PRACH.
During RAN1#112, the following proposal was raised although no agreement was reached:
	High Priority Proposal 2.3-1h:
         Send LS to RAN2:
o   RAN1 has identified a scenario where Rel-17 RedCap UEs and non-RedCap UEs share the legacy initial BWP but a separate initial BWP specific to Rel-18 RedCap UEs is configured and early indication in Msg1 is used only for Rel-18 RedCap UEs.
o   RAN1 would like to ask RAN2 for their input on the feasibility of supporting the above scenario from RAN2 perspective.
·          For UE BB complexity reduction, decide whether to support additional separate early indication in Msg1 based on the LS response from RAN2 and the outcome of the RAR-Msg3 timeline (i.e., value of ‘X’).


However, after further check, we don’t think the scenario marked in cyan is valid. 
In Rel-17, when initialDownlinkBWP-RedCap is configured in SIB1, RedCap UE shall use this separate initial BWP, regardless legacy initial DL BWP is usable or not (e.g. even if legacy DL BWP does not exceed the maximum RedCap UE bandwidth). This is clearly captured in TS 38.331, copied in the following.
	DownlinkConfigCommon information element
-- ASN1START
-- TAG-DOWNLINKCONFIGCOMMON-START

DownlinkConfigCommon ::=        SEQUENCE {
    frequencyInfoDL                 FrequencyInfoDL                                 OPTIONAL,   -- Cond InterFreqHOAndServCellAdd
    initialDownlinkBWP              BWP-DownlinkCommon                              OPTIONAL,   -- Cond ServCellAdd
    ...,
    [[
    initialDownlinkBWP-RedCap-r17   BWP-DownlinkCommon                              OPTIONAL    -- Need R

    ]]
}

-- TAG-DOWNLINKCONFIGCOMMON-STOP
-- ASN1STOP

	DownlinkConfigCommon field descriptions

	frequencyInfoDL
Basic parameters of a downlink carrier and transmission thereon.

	initialDownlinkBWP
The initial downlink BWP configuration for a serving cell. The network configures the locationAndBandwidth so that the initial downlink BWP contains the entire CORESET#0 of this serving cell in the frequency domain.

	initialDownlinkBWP-RedCap
If present, RedCap UEs use this DL BWP instead of initialDownlinkBWP.
If absent, RedCap UEs use initialDownlinkBWP provided that it does not exceed the RedCap UE maximum bandwidth (see also clause 5.2.2.4.2).





Therefore, in the cyan part of Proposal 2.3-1h:
· If ‘separate initial BWP specific to Rel-18 RedCap UEs’ includes initialDownlinkBWP-RedCap-r17, which can be recognized by Rel-17 RedCap UE, this scenario is not valid since Rel-17 RedCap UE shall use it, rather than share legacy initial DL BWP with non-RedCap UE.
· Otherwise, if ‘separate initial BWP specific to Rel-18 RedCap UEs’ only means additional separate initial DL BWP in Rel-18, which cannot be recognized by Rel-17 RedCap UE, this design has not been agreed. As pointed out in Section 2.3.1, there is no consensus to introduce additional separate initial BWP dedicated for Rel-18 RedCap UE (in fact it is objected by most companies).
[bookmark: _GoBack]In summary, even if we may continue discussion on whether to support additional early indication in Msg1, the prerequisite should be very clear, i.e. additional separate initial BWP dedicated for Rel-18 RedCap UE is not introduced.
Proposal 7: The scenario of ‘Rel-17 RedCap UEs and non-RedCap UEs share the legacy initial BWP but a separate initial BWP specific to Rel-18 RedCap UEs is configured and early indication in Msg1 is used only for Rel-18 RedCap UEs’ is not valid, unless RAN1 clearly introduces a separate initial BWP specific to Rel-18 RedCap UE.
Conclusion
In this contribution, we share our views on further complexity reduction for Rel-18 RedCap UEs. The observations and proposals are summarized as follows:
Observation 1: PR1 is supported as a standalone feature for Rel-18 RedCap UE.
Observation 2: From RAN1’s perspective, there is no strong motivation to support additional separate early indication for Rel-18 RedCap UE in Msg1/MsgA PRACH.
Proposal 1: When the scheduling of RAR PDSCH is larger than the maximum number of unicast PRBs that the Rel-18 RedCap UE can process per slot, for the reference time restriction NT,1 + NT,2 + 0.5 + X (ms), the value of X is:
· 0.5/0.25 ms for 15/30 kHz SCS (1st preference),
· 1/0.5 ms for 15/30 kHz SCS (2nd preference).
Proposal 2: MsgB PDSCH bandwidth be limited in the same way as for Msg4.
Proposal 3: For UE BB complexity reduction, there is no need to relax the requirements on simultaneous reception of one unicast PDSCH and one broadcast PDSCH.
Proposal 4: For the constraint vLayers·Qm·f ≥ X of add-on PR1 for Rel-18 RedCap UE, 
· X=3 (1st preference),
· X=3.2 (can live with).
Proposal 5: For the constraint vLayers·Qm·f ≥ Y of standalone PR1 for Rel-18 RedCap UE, down-select from the following two options:
· Y=0.75, with new scaling factor 0.1875,
· Y=0.8, with new scaling factor 0.2.
Proposal 6: By default, no additional separate initial DL/UL BWP is introduced dedicated to Rel-18 RedCap UE.
· From cell perspective, Rel-18 RedCap UE and Rel-17 RedCap UE share the same one initial DL/UL BWP, i.e. legacy initial DL/UL BWP, or BWP provided by initialDownlinkBWP-RedCap-r17 and initialUplinkBWP-RedCap-r17.
Proposal 7: The scenario of ‘Rel-17 RedCap UEs and non-RedCap UEs share the legacy initial BWP but a separate initial BWP specific to Rel-18 RedCap UEs is configured and early indication in Msg1 is used only for Rel-18 RedCap UEs’ is not valid, unless RAN1 clearly introduces a separate initial BWP specific to Rel-18 RedCap UE.
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