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Introduction
In RAN#97, work item in RP-222675 has been approved. 
	Power saving/energy efficiency enhancements
· Enhanced eDRX in RRC_INACTIVE (>10.24s) [RAN2, RAN3, RAN4]
· Note that this objective requires SA2 and CT1 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.
· 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.
Notes:
· The work defined as part of this WI is not to overlap with LPWA use cases.
· Coexistence with non-RedCap UEs and Rel-17 RedCap UEs should be ensured.
· This WI considers all applicable duplex modes unless otherwise specified.
Check in RAN#98-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone
· Whether or not/how a separate early indication can be supported
· Other restrictions of the WI (e.g., connectivity restrictions, band, etc.)



Discussion
On PR1 add-on
In RAN1#110 it has been agreed that “Furthermore, RAN1 recommends that Option PR1 is considered as a potential add-on. Whether to adopt this potential add-on can be decided during WI phase. Nevertheless, in RAN#97e one company objected to limit UE peak data rate reduction only to UE with R18 UE BB bandwidth reduction.
RAN1 recommended PR1 as an “add-on” because
· standalone PR1 on top of R17 RedCap brings only 2-3% complexity reduction
· even BW3 with 1Rx FD-FDD itself cannot reduce peak bitrates to 10Mbits
The motivation of objecting company for standalone PR1 has been the introduction of dual NR R18 RedCap + LTE Cat1bis device, arguing that if device can process 100RB for cat 1bis part it can process 106RB for NR R18. However, timelines for providing HARQ-ACK are way different in NR compared to LTE. This including PDCCH decoding, channel estimation, de-mapping, rate-matching and decoding. In LTE, UE has 3ms from the end of PDSCH to HARQ-ACK, while it is as low as 0.7ms for NR. Therefore, it appears that complexity-wise, CAT1bis is closer to BW3 rather than R17 RedCap+PR1. 
Observation-1: When complexity is considered, BW3 is a much better match to Cat1bis than R17 RedCap + PR1.
Proposal-1: As already recommended by RAN1, PR1 is limited to UE supporting BW3.
When it comes to the following FFS
· The relaxed constraint is, e.g., 1 (instead of 4).
The max TBS sizes for BW3 with 25RB PDSCH,14OS PDSCH and minimum possible DMRS overhead are listed in below table. 
	38.306 constraint value
	Max TBS
 (15kHz SCS, 156RE in RB)

	4
	15616

	3
	11784

	2
	7824

	1
	3912



Standalone PR1 or BW3 cannot reduce peak rates to below 10Mbits/s for FD-FDD. Therefore, constraint value should be reduced at least to 2, but supporting 1 would allow for even more reduced peak rates and thus is preferred by us.
Proposal-2: For R18 RedCap, both PR1+BW3 are part of baseline R18 RedCap, relax PR1 constraint from 4 to 1.
On the other hand, if industry sees benefit in R17 RedCap with PR1 on top, it should be defined in R17 scope. 

PDCCH processing relaxation
When PDSCH BW is reduced to 5MHz it has been observed that PDSCH processing blocks in BW3 are reduced to 2.58% points, while DL control processing block is reduced only to 4.52% points, as shown in Table 1. We understand that reducing the complexity of DL control processing (e.g. number of CCEs and/or number of blind decodes) may have considerable impact on blocking probability, however, if coexistence nor coverage is impacted, blocking probability can be tackled by configuring a dedicated CORESET for the R18 RedCap UE.

Table 1 Reduction of PDCCH and PDSHC processing
	
	R15
	R17 RedCap
	R18 BW1
	R18 BW2
	R18 BW3

	BB: Receiver processing block
	24%
	4.42%
	2.00%
	1.86%
	2.07%

	BB: LDPC decoding
	10%
	1.29%
	0.51%
	0.50%
	0.51%

	BB: DL control processing & decoder
	5%
	4.73%
	3.98%
	3.95%
	4.52%



Maintaining coverage and avoiding coexistence issues

The largest CORESET#0 of 3symbols and 96RB has 48CCEs, however, when TYPE0 CSS is mapped the following physical CCEs are occupied. Where “1” corresponds to a physical CCE of PDCCH candidate #1, “2” to CCE of PDCCH candidate #2, and so on.

AL4
[1, 1, 0, 0, 0, 0, 2, 2, 0, 0, 0, 0, 3, 3, 0, 0, 0, 0, 4, 4, 0, 0, 0, 0, 1, 1, 0, 0, 0, 0, 2, 2, 0, 0, 0, 0, 3, 3, 0, 0, 0, 0, 4, 4, 0, 0, 0, 0]  
AL8
[1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 2, 2, 2, 2, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 2, 2, 2, 2, 0, 0, 0, 0, 0, 0, 0, 0]  
AL16
[1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1, 1, 1, 1, 1, 1, 1, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]


As one can see from above, 20CCEs are not used, this resulting in 28 used CCEs, and overall, 7 PDCCH candidates to monitor. Similar applies to other search-spaces, for which number of candidates is the same as for TYPE0 or smaller, such as for PEI.

	For a DL BWP, if a UE is not provided searchSpaceOtherSystemInformation for Type0A-PDCCH CSS set, the UE does not monitor PDCCH for Type0A-PDCCH CSS set on the DL BWP. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level for Type0A-PDCCH CSS set are given in Table 10.1-1.
For a DL BWP, if a UE is not provided ra-SearchSpace for Type1-PDCCH CSS set, the UE does not monitor PDCCH for Type1-PDCCH CSS set on the DL BWP. If the UE has not been provided a Type3-PDCCH CSS set, or a Type1A-PDCCH CSS set, or a USS set and the UE has received a C-RNTI and has been provided a Type1-PDCCH CSS set, the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI in the Type1-PDCCH CSS set. 
If a UE is not provided pagingSearchSpace for Type2-PDCCH CSS set, the UE does not monitor PDCCH for Type2-PDCCH CSS set on the DL BWP. The CCE aggregation levels and the number of PDCCH candidates per CCE aggregation level for Type2-PDCCH CSS set are given in Table 10.1-1.
If a UE is not provided peiSearchSpace for Type2A-PDCCH CSS set, the UE does not monitor PDCCH for Type2A-PDCCH CSS set on the DL BWP. The CCE aggregation levels and the maximum number of PDCCH candidates per CCE aggregation level for Type2A-PDCCH CSS set are given in Table 10.1-1. If the UE is provided peiSearchSpace with zero value for the Type2A-PDCCH CSS set index, and for the SS/PBCH block and CORESET multiplexing patterns 2 and 3, the UE determines PDCCH monitoring occasions as described in clause 13.




It is understood that commonCORESET can be configured as well for a RedCap UE within BW of CORESET#0, this potentially increasing the number of CCEs from 28 to 56. However, UE typically monitors only one of SIB1, OSI, paging, or RAR SS-sets at a given time. SIB1 and OSI upon re-selection, paging in PO, RAR during RACH procedure.

	commonControlResourceSet
An additional common control resource set which may be configured and used for any common or UE-specific search space. If the network configures this field, it uses a ControlResourceSetId other than 0 for this ControlResourceSet. the network configures the commonControlResourceSet in SIB1 so that it is contained in the bandwidth of CORESET#0.




Therefore, if monitoring for R18 RedCap is limited to only one SS at given time, PDCCH processing limits could be reduced to half, without causing impact to coexistence or reducing coverage. 
Proposal-3: Reduce BD/CCE limits for R18 Redcap UEs to half, i.e. 28CCE + 22BD per 15kHz slot, 18BDs per 30kHz SCS
· a R18 RedCap UE monitors only one common SS per slot

HD-FDD complexity reduction
In R17 SID [TR 38.875] on complexity reduction, RAN1 identified that only “HD” cost reduction is coming from not needing a duplexer. And concluded that TYPE-B HD-FDD would have negative impact on gNB scheduling when handling HD-FDD RedCap and FD-FDD non-RedCap UEs at the same time. 
What has been however missed is that TYPE-B HD-FDD reduces processing peaks as larger gap between DL and UL enables to avoid PDSCH reception and PUSCH preparation at the same time and reduces processing peaks in baseband. 
PDSCH processing in NR is not instantaneous, i.e. there is a processing delay after the last received PDSCH symbol. If R16 gNB schedules PDSCH and PUSCH back-to-back (up to 13us switching delay), RedCap UE needs to be prepared to receive PDSCH and prepare PUSCH at the same time. Therefore, if gNB would be able to avoid scheduling PDSCH and PUSCH back-to-back, the complexity of baseband could be reduced almost twice. The gap between PDSCH and PUSCH could be similar to N2-time. On the other hand, reception of PDCCH, CSI-RS and preparation of PUCCH or SRS is much less computation intensive, and for these other channels and signals the legacy 13us gap could apply. Treating these other channels and signals the same way as in legacy, minimizes impact to scheduler. 
Observation-2: Defining a longer minimum processing gap between PDSCH and PUSCH would avoid their concurrent processing and therefore reduce processing peaks for the HD-FDD UE, this allowing for less complex designs. If a longer gap is limited to unicast PDSCH and PUSCH, the impact on gNB is minimal.
Figure 1 shows how scheduling would work. CSI-RS can be scheduled the same way as for legacy RedCap UEs (13us gap). However, PUSCH is scheduled with larger shared channel gap from last symbol of PDSCH to facilitate complexity reduction for the HD-FDD UE. 
[image: ]
Figure 1 Scheduling example for R18 RedCap

If concurrent processing of the most challenging channels (e.g. PDSCH and PUSCH) would be avoided, the same hardware can be reused.
BW3 design 
It remains open how to define scheduling restrictions for RedCap. 
IDLE mode 
Regarding SIBs there is no need to restrict allocation, this because HARQ-ACK is not provided for SI-RNTI and P-RNTI. R18 UE with reduced capability may buffer whole PDSCH, and crunch it at its own speed. 
MSG2, MSG3 and MSG4 on the other hand depends on whether separate early identification in MSG1 or MSG3 would be supported. If configured by gNB, then PDSCH could be easily restricted in scheduling. Otherwise, if UE should receive MSG2 without scheduling restriciton, some relaxation to initial access timelines N1+N2+0.5ms would be needed, this because MSG3 here acts like implicit HARQ-ACK. Alternatively gNB would need to confine MSG2-4 to 5MHz.
Proposal-4: Assume that a R18 RedCap UE has capability to buffer whole 20MHz PDSCH, relax scheduling restriction for PDSCH with SI-RNTI and P-RNTI.
Observation-3: Separate early identification in MSG1 for R18 RedCap with scheduling restriciton may fully resolve coex issues with eMBB and R17 RedCap UEs.
Observation-4: If separate early identification in MSG1 for R18 RedCap is not configured, gNB needs to schedule with scheduling restriction, as a choice of implementation, alternatively relaxation to initial access timelines could be specified.
Scheduling restriction design
For scheduling restriction design, consider that DCI format sizes are the same as for R17 RedCap since those are determined from 20MHz BWP and or CORESET#0 size, which are applicable also for R18 RedCap UEs

Proposal-5: DCI format sizes are the same as for legacy UEs
If proposal-3 is agreed, UE must be able to buffer whole common PDSCH of 20Mhz with SI-RNTI, there is no need to define narrow-band/RB-set or mandate cross-slot scheduling to R18 RedCap UE. At the same time, there is no benefit in confining scheduled PDSCH to 5MHz (BW3)
Observation-5: If P4 is agreed, there is no need to restrict PDSCH to be confined within 5MHz (BW3). 
Therefore, if P3 is agreed, scheduling restriction could be design as maximum number of RB-symbols that a UE is capable to process within a scheduled PDSCH. This would allow wider BW for shorter allocations in ime, and narrower BW with longer allocations in time. 
Proposal-6: If P4 is agreed, define the scheduling restriction for a PDSCH (other than SIB) as maximum number of RB-symbols that UE is capable to process within a PDSCH.
Conclusions 
In this contribution we discussed issues related to further reduced complexity NR UE and we had the following observations and proposals:
Observation-1: When complexity is considered, BW3 is a much better match to Cat1bis than R17 RedCap + PR1.
Proposal-1: As already recommended by RAN1, PR1 is limited to UE supporting BW3.
Proposal-2: For R18 RedCap, both PR1+BW3 are part of baseline R18 RedCap, relax PR1 constraint from 4 to 1.
Proposal-3: Reduce BD/CCE limits for R18 Redcap UEs to half, i.e. 28CCE + 22BD per 15kHz slot, 18BDs per 30kHz SCS
· a R18 RedCap UE monitors only one common SS per slot
Observation-2: Defining a longer minimum processing gap between PDSCH and PUSCH would avoid their concurrent processing and therefore reduce processing peaks for the HD-FDD UE, this allowing for less complex designs. If a longer gap is limited to unicast PDSCH and PUSCH, the impact on gNB is minimal.
Observation-5: If P4 is agreed, there is no need to restrict PDSCH (other than SIB) to be confined within 5MHz (BW3). 
Observation-3: Separate early identification in MSG1 for R18 RedCap with scheduling restriction may fully resolve coex issues with eMBB and R17 RedCap UEs.
Observation-4: If separate early identification in MSG1 for R18 RedCap is not configured, gNB needs to apply scheduling restriction for all UEs during initial access.
Proposal-5: DCI format sizes are the same as for legacy UEs
Observation-5: If P4 is agreed, there is no need to restrict PDSCH (other than SIB) to be confined within 5MHz (BW3). 
Proposal-6: If P4 is agreed, define the scheduling restriction for a PDSCH (other than SIB) as maximum number of RB-symbols that UE is capable to process within a PDSCH.
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