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Introduction
To further expand the market for RedCap use cases with relatively low cost, low energy consumption and low data rate requirements, e.g., industrial wireless sensor network use cases, some further enhancements should be considered in Rel-18. 
According to the revised Rel-18 RedCap WID [1], the following objectives need to be specified.
	Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2, CT1 and CT4 involvement
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.


In this contribution, we share our views for the complexity/cost reduction solutions based on the progress of RAN1#111 [2] and our previous contribution [3].
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Initial separate BWP
In RAN1#110b-e, initial separate BWP related issues were discussed, and the following agreement was reached [4]. 
	Agreement:
For a cell supporting both Rel-17 and Rel-18 RedCap UEs,
· The Rel-18 RedCap UEs can share the same separate initial DL/UL BWP as the Rel-17 RedCap UEs.
· FFS: whether to support an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs


In RAN1#111, the FFS part was discussed. After several rounds of discussion, the final FL proposal is as follows [5]:
	· For a cell supporting Rel-17 and/or Rel-18 RedCap UEs,
· Up to one separate (RedCap-specific) initial DL/UL BWP can be configured.


We are generally fine with the latest FL proposal, as we do not see strong need for the additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs. In connected mode, the Rel-17 separate initial BWP can be shared and the gNB can schedule Rel-17/18 UE accordingly, since the gNB knows UE’s capability. In idle/inactive mode, the Rel-17 separate initial BWP can still be shared, since the gNB can limit the data channel allocation to 5 MHz (if early indication is enabled) or the Rel-18 RedCap UE can receive a part of broadcast (according to the agreements for broadcast channel). An additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs may be helpful to the offloading of random access. However, random access congestion may not be a serious problem, since RedCap's latency requirements are not that strict. In addition, multiple separate (RedCap-specific) initial DL/UL BWPs may impact the resource allocation for eMBB, e.g., resource fragmentation issues discussed in Rel-17 phase.
Therefore, for normal cell (e.g., eMBB dominated cell), an additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs seems not needed. Maybe for some dedicated cells (e.g., RedCap dominated cell in NPN for vertical scenarios), multiple separate initial DL/UL BWPs for Rel-17 and Rel-18 RedCap UEs are benefit to the UE management and will not lead to any impacts to the eMBB. 
Therefore, we have the following proposal.
Proposal 1: For a cell supporting Rel-17 and/or Rel-18 RedCap UEs, up to one separate (RedCap-specific) initial DL/UL BWP can be configured.
· FFS: dedicated NW, e.g., NPN for vertical scenarios.

Maximum number of PRBs
In the last RAN1 meeting, the maximum PRB number (for PDSCH and PUSCH) was discussed, the following agreements were reached [2].
	Agreement
For UE BB bandwidth reduction, for PUSCH, down-select between the following options 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
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
For UE BB bandwidth reduction, for PDSCH (for both unicast and broadcast), down-select between the following options 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
· Option 4: 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS
Same option will be selected for both PDSCH and PUSCH.


For the above options, our preference is option 4 for both PDSCH and PUSCH. 
For option 3, larger PRB number may not be able to meet the guard band requirements, e.g., for 5MHz channel BW. Maybe the gNB can limit the PRB number within 25/11 for this case, but the UE’s capability for larger number PRBs was wasted, this is a kind of un-alignment. In addition, without RAN4’s involvement, we should not make conclusion that larger PRB number will not lead any RAN4 impacts. Therefore, if the PRB number is not 11/25 (different from the value in RAN4’s spec 38.101 table 5.3.2-1), we prefer to send an LS to RAN4 to ask about the maximum number of PRBs.
Proposal 2: For UE BB bandwidth reduction, option 4 is adopted, i.e., the maximum number of PRBs that the UE can process per slot and can transmit per slot or per hop (if applicable) are 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS.
Proposal 3: For UE BB bandwidth reduction, if the option that rather than option4 is to be adopted in RAN1, send an LS to RAN4 to ask about the possible impacts for the maximum number of PRBs.

RAR PDSCH scheduling
In the last RAN1 meeting, it was agreed that the RAR PDSCH can be larger than the UE’s processing capability (e.g., 5MHz) [2].
	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


For this agreement, there are two issues may need further discussion, 1) Relationship with early indication, 2) the value(s) of X.
· Issue 1, Relationship with early indication
Based on the current agreements, the gNB can always schedule a larger number of RAR PRBs but use a lower Msg3 transmission delay, no matter the UE is Rel-18 RedCap or not. As a result, Rel-18 RedCap cannot send Msg3. On the contrary, in order to ensure access efficiency of Rel-18 RedCap, the gNB has to limit the RAR within 5MHz, but this will affect the RAR performance of legacy UE.
In our understanding, if Msg1 based early indication is introduced, the scheduling of RAR should be adjusted based on UE type. For example, if the UE is indicated as an eRedCap UE, the gNB should limit the RAR PDSCH within 5MHz or always indicate a larger time gap between RAR reception and Msg3 transmission to guarantee the random access for Rel-18 RedCap. If the UE is a legacy UE (without early indication), the PRB number can be lager and/or the timing for Msg3 can be relatively lower to guarantee the RAR performance of legacy UE. 
[bookmark: _GoBack]Proposal 4: If Msg1 based early indication is introduced and the UE is indicated as a eRedCap UE, the RAR PDSCH should be limited within 5MHz or the time gap between RAR and Msg3 is no smaller than a certain value (e.g., NT,1 + NT,2  + 0.5 + X ms).

· Issue 2, value(s) of X.
The X is used to ensure the RAR processing and Msg3 preparation for Rel-18 RedCap for the case that the scheduled RAR PDSCH is larger than 5MHz. As agreed in the previous RAN1 meeting, the Rel-18 RedCap can process ~5MHz PDSCH per slot, then the X can be multiple of the slot length. From another perspective, a larger number of PDSCH PRBs (>5MHz) corresponding to larger PDSCH processing time, and the PDSCH processing time is already specified in spec (i.e., N1), then the X can be a N1 related value. 
Proposal 5: The value of X can be a multiple of the slot length or a multiple of N1.
For the determination of X value, we understand that the value of X should include the processing time corresponding to the number of scheduled PRBs, otherwise, the processing capability and complexity of the Rel-18 eRedCap will be increased. The analyzations are as follows:
· As agreed, the Rel-18 RedCap can process ~5MHz PDSCH per slot, then for 20MHz RAR PDSCH, three more slots may needed for PDSCH processing (i.e., X=3 slots). The minimum time gap between 20MHz RAR and Msg3 should be NT,1 + NT,2 + 0.5 + 3slots. 
· If the introduced value of X is smaller than 3 slots (e.g., one slot), according to the agreements, the UE needs to transmit Msg3 as long as the time gap for Msg3 is no smaller than NT,1 + NT,2 + 0.5 + 1slot, even for 20MHz RAR PDSCH. In this case, the UE needs to process 3 times PDSCH PRBs within one more slot. The processing capability here is increased and is not “process ~5MHz PDSCH per slot” any more. 
Based on the above, the determination of X value should avoid higher requirements on Rel-18 eRedCap capabilities. If the X is a fixed value, the X should be a sufficiently large value to cover all the possible cases (e.g., 10MHz RAR, 20MHz RAR), for example, the X can be 3 times slot length or 3 times N1. If the X is a dynamic value, the X can be dynamically determined by the number of scheduled RAR PRBs, e.g., larger number of scheduled PRBs corresponding to a larger X value.
Proposal 6: For the value of X, one of the following options can be considered：
·  Alt1: A fixed and sufficiently large value, e.g., 3 times slot length or 3 times N1.
· Alt2: Dynamically determined by the number of scheduled RAR PRBs.

Add-on PR1
For add-on PR1, the remaining issue is to determine the constraint value based on the taget peak data rate. In the last RAN1 meeting, it was agreed that the target peak data rate of Rel-18 RedCap is 10Mbps. 
	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


RAN#98e further discussed the peak data rate and agreed that “Keep the minimum target peak rate as 10Mbps” [6].
In order to discuss the value of the relaxed constraint, we need to compare the peak rate and the corresponding constraint value. As the PR1 should be an add-on solution, then the baseline Rel-18 RedCap could be 5MHz (11PRB) + 1Rx+1MIMO layer+64QAM+30KHz SCS+FD_FDD, then the peak data rate capabilities are around 19.3Mbps/20.7Mbps in DL/UL.
For comparison purposes, the relationship between the supported peak data rate, the reported capabilities (scaling factor and modulation order) and the constraint can be found in table 1 and 2.
Table 1: the supported peak data rate and the corresponding capability combination (30KHz SCS)
	Data rare(DL/UL)
	SF=1
	SF=0.8
	SF=0.75
	SF=0.4

	64QAM =6
	17.65/18.89Mbps
(baseline: 5MHz BB)
	14.12/15.11 Mbps
	13.24/14.17 Mbps
	7.06/7.56Mbps

	16QAM = 4
	11.77/12.59 Mbps
	9.41/10.07 Mbps
	8.83/9.45 Mbps
	4.71/5.04Mbps

	QPSK = 2
	5.88/6.30 Mbps
	4.71/5.04 Mbps
	4.41/4.72 Mbps
	2.35/2.52Mbps

	BPSK = 1 
	2.94/3.15 Mbps
	2.35/2.52 Mbps
	2.21/2.36 Mbps
	1.18/1.26Mbps


Table 2: the corresponding constraint (30KHz SCS)
	Q×F
	SF=1
	SF=0.8
	SF=0.75
	SF=0.4

	64QAM =6
	6
	4.8
	4.5
	2.4

	16QAM = 4
	4
	3.2
	3
	1.6

	QPSK = 2
	2
	1.6
	1.5
	0.8

	BPSK = 1 
	1
	0.8
	0.75
	0.4


Based on the above table, in order to achieve the target rate of 10Mbps, the constraint can be relaxed from 4 to 3.2 (highlighted in yellow) for Rel-18 RedCap UEs with BB bandwidth reduction.
Proposal 7: In order to achieve the target rate of 10Mbps, the constraint can be relaxed from 4 to 3.2 for Rel-18 RedCap UEs with 5MHz BB bandwidth.

Early indication
In RAN#98e, support of additional separate early indication(s) was agreed [6], the details are need to be determined in WGs. Our views are as follows:
· For Msg1-based: As we discussed in previous section (section 2.3, issue 1), without Msg1 based early indication, there are some issues on Msg2 reception and Msg3 transmission. In order to increase the random access efficiency (for Rel-18 RedCap) and avoid unnecessary scheduling restriction (for legacy UE), Msg1 based separate early indication is necessary. 
· For Msg3-based: As Msg4 is a kind of unicast, and RAN1 already agreed that unicast should be limited within 5MHz. Therefore, in order to ensure successful reception of Msg4, the gNB needs to know whether the UE is Rel-18 RedCap UE or not before Msg4 transmission. Then, Msg3 based early indication is needed. Besides, Msg3 based early indication can be achieved via LCID as Rel-17 RedCap, the predictable spec impacts are relatively small.
· Other views: If Msg1 based early indication is introduced as a mandatory feature (e.g., always configured by the NW and always reported at UE side), then Msg3 based early indication seems not needed. Therefore, Msg1-only is also a kind of option for early indication. Combining this view and previous discussion in RAN1, RAN1 can discuss and down-select among three kinds of options, e.g., a) Msg1-only, b)Msg3-only and c)both Msg1 and Msg3. The configuration details for early indication can up to RAN2 [7].
Proposal 8: For early indication, RAN1 should discuss and down-select among the following options.
· Msg1-only.
· Msg3-only.
· Both Msg1 and Msg3.

Other considerations
· UE features 
In Rel-17, three feature groups were defined for Rel-17 RedCap [8], e.g., FG 28-1: RedCap UE, FG 28-1a: RRC-configured DL BWP without CD-SSB or NCD-SSB, and FG 28-3: Half-duplex FDD operation type A for RedCap UE. Whether and how a Rel-18 RedCap UE should support the Rel-17 RedCap UE features should be further discussed. For example, for FG 28-1, the maximum FR1 RedCap UE bandwidth is 20 MHz, this component is not suitable for Rel-18 RedCap. For FG28-2/3, these two FGs can be reused in principle.
· UE type 
In Rel-17, we specified definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs. If a new UE type for Rel-18 RedCap is introduced, the definition of this UE type needs to be discussed and confirmed in RAN1 and RAN2. Then, may be a new FG independent on FG 28-1 for Rel-18 RedCap is needed. 
· Support for Rel-18 features 
RedCap positioning is under study in Rel-18 positioning item, if the requirements are identified, then some enhancements will be introduced for RedCap. It is worth noticing that the evaluation in Rel-18 positioning item for RedCap is based on 20MHz BW capability (i.e., Rel-17 RedCap), but even so, all the possible enhancements until now are focused on PRS and SRS. It is naturally that the Rel-18 RedCap can at least support PRS and SRS based solutions (if introduced), as positioning is also important for Rel-18 RedCap UEs.
In addition, the item of “NR support for dedicated spectrum less than 5MHz for FR1” is ongoing. Operate NR on <5MHz dedicated spectrum would enable several esstial applications, e.g., parallel operation of Future Railway Mobile Communication System and GSM-R, massive infrastructure reuse and Public Protection and Disaster Relief and so on. RedCap is quite suitable for those dedicated spectrum to support vertical use cases. So Rel-18 eRedCap can at least optionally support <5MHz dedicated spectrum.
·  Ambiguities in Rel-17  
There are several ambiguities for RedCap in Rel-17, for example, whether and how to support MBS, SUL, V2X and NR-U. The final decision for these issues are “up to UE implementation, without any spec enhancements”. For Rel-18 RedCap with BB BW reduction, the previous features are unlikely to support by UE implementation, as the BW capabilities are further reduced. Therefore, those ambiguities may need to be discussd and confirmed for Rel-18 RedCap.
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Based on the analyses and above observations, we have the following proposals:
Proposal 1: For a cell supporting Rel-17 and/or Rel-18 RedCap UEs, up to one separate (RedCap-specific) initial DL/UL BWP can be configured.
· FFS: dedicated NW, e.g., NPN for vertical scenarios.
Proposal 2: For UE BB bandwidth reduction, option 4 is adopted, i.e., the maximum number of PRBs that the UE can process per slot and can transmit per slot or per hop (if applicable) are 25 PRBs for 15 kHz SCS and 11 PRBs for 30 kHz SCS.
Proposal 3: For UE BB bandwidth reduction, if the option that rather than option4 is to be adopted in RAN1, send an LS to RAN4 to ask about the possible impacts for the maximum number of PRBs.
Proposal 4: If Msg1 based early indication is introduced and the UE is indicated as a eRedCap UE, the RAR PDSCH should be limited within 5MHz or the time gap between RAR and Msg3 is no smaller than a certain value.
Proposal 5: The value of X can be a multiple of the slot length or a multiple of N1.
Proposal 6: For the value of X, one of the following options can be considered：
·  Alt1: A fixed and sufficiently large value, e.g., 3 times slot length or 3 times N1.
· Alt2: Dynamically determined by the number of scheduled RAR PRBs.
Proposal 7: In order to achieve the target rate of 10Mbps, the constraint can be relaxed from 4 to 3.2 for Rel-18 RedCap UEs with 5MHz BB bandwidth.
Proposal 8: For early indication, RAN1 discuss and down-select among the following options.
· Msg1-only.
· Msg3-only.
· Both Msg1 and Msg3.
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