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1. Introduction
At the RAN#97-e meeting, a new WID on enhanced support of reduced capability NR devices (NR_redcap_enh) was approved in [1]. The objectives which are captured in the WID are shown below.
	The objective is to specify support for the following enhancements: 
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.)



In this contribution, we provide our views on UE peak rate reduction, separate early indication and other restrictions on this WI.

2. Discussion
2.1	UE peak rate reduction
According to the justification in WID, the target peak rate is described as 10 Mbps and it was agreed that the minimum DL peak rate target was agreed as 10 Mbps with brackets at the RAN1#111 meeting as below. 
	Agreement (RAN1#111):
· 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




However, the interpretation of “The supported peak data rate for Rel-18 eRedCap targets to 10Mbps” in WID justification is unclear, e.g., whether 10 Mbps should be the minimum peak rate or the specification of Rel-18 eRedCap supports the peak rate not smaller than 10 Mbps but the minimum peak rate can be smaller than 10 Mbps. Therefore, we prefer to discuss and clarify the target data rate of Rel-18 eRedCap, i.e., whether the minimum peak rate should be 10 Mbps for Rel-18 eRedCap before we discuss whether to remove the brackets of the above agreement in the future meeting.
In our view, according to the justification in WID, Rel-18 eRedCap is targeting low-end devices which supports the use cases between Rel-17 RedCap and LPWA, and hence the lower limit of peak rate should not be strictly restricted as 10 Mbps unless it overlaps with LPWA. More specifically, one possible deployment target of Rel-18 eRedCap is the replacement of LTE Cat.1 and we would like to note that not all the use cases/services require 10 Mbps as peak data rate for LTE Cat.1. For example, security-related services, e.g., anormaly detection, are provided with a peak rate as a few Mbps (smaller than 5 Mbps) and peak rate of 10 Mbps is excessive especially for these services.
In addition, as captured in TR38.865[2], it should be also noted that there is potential additional cost/complexity reduction from memory part perspective when the peak rate is reduced further. Considering that the IoT devices are extremely cost-sensitive, we believe that this additional cost reduction is worth considering.
Furthermore, even if the peak rate is bit smaller than 10 Mbps, the unified solution/operation would be supported and optimizations are not necessary as long as the TBS for broadcast PDSCH (e.g., SIB1) is covered, thus no need to introduce another type of Rel-18 eRedCap UE. More specifically, considering the typical SIB1 payload size 1256 bits which is the assumption at the SI phase, peak rate can be reduced to 2.5Mbps in NR, i.e., the constraint can be relaxed to 1. In addition, even if the margin for the larger payload size of SIB1, e.g., approx. 3000 bits, is taken into account, the peak rate approx. 6 Mbps seems sufficient.
In that sense, it would be beneficial to reduce the peak rate as low as possible (i.e., not overlap with LPWA) to further reduce UE cost/complexity, e.g., memory size, and maximize the Rel-18 eRedCap use cases.

Proposal 1:
For further UE peak rate reduction in Rel-18, the minimum UE peak rate should be 6 Mbps.


2.2	Separate ealy indication
[bookmark: _Hlk121131527]At the RAN#97-e meeting, it was discussed whether to support separate early indication as the scope of this WI, but no consensus was achieved.

At the RAN1#110bis-e meeting, the following agreement was made.
	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



Regarding the additional separate initial BWP specific to Rel-18 eRedCap, it was discussed whether it should be supported at the RAN1#111 meeting, but no consensus was achieved so far.
In our view, it is essential to ensure the capacity for Rel-18 eRedCap UEs to avoid the congestion on the resources especially for random access since this WI is targeting low-end devices compared to Rel-17 RedCap and it is expected that the number of Rel-18 eRedCap devices in the NW would be largely increased compared to non-RedCap/Rel-17 RedCap UEs. To address this concern, it should be allowed to enable Rel-18 RedCap specific separate initial DL/UL BWP configuration for offloading of random access. Then, if the configuration of the separate initial BWP specific to Rel-18 eRdeCap is supported, at least the Msg1/A can be configured separately for Rel-18 eRedCap and Rel-17 RedCap UEs.

[image: ]
Fig.1: An additional separate initial DL/UL BWP configuration specific to Rel-18 eRedCap.

In addition, at the RAN1#111 meeting, it was agreed that the number of PRBs for RAR PDSCH can be optimized for Rel-18 eRedCap to be confined within 5 MHz.
	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


While whether to support separate early indication can be discussed separately from the scheduling of RAR PDSCH as captured in the note in above agreement, we think separate early indication for Rel-18 eRedCap is beneficial based on the agreement. For example, Rel-18 eRedCap UE may perform puncturing when the PDSCH is scheduled with larger number of PRB than 5MHz and the time separateion between RAR PDSCH reception and Msg3 transmission is smaller than NT,1 + NT,2 + 0.5 + X ms (X would be discussed further in RAN1), then the performance loss for RAR PDSCH is expected for such case. However, if the separate early indication is supported, to avoid such UE operation, i.e., puncturing, NW can appropriately schedule RAR PDSCH for Rel-18 eRedCap without any restriction on the time separateion between RAR PDSCH reception and Msg3 transmission for legacy UEs.

Based on the discussion, we support the separate ealy indication of Rel-18 eRedCap and it should be further discussd how to support it. 

Proposal 2:
The separate ealy indication specific to Rel-18 eRedCap should be supported.


2.3. Other restrictions
At the RAN#97-e meeting, it was discussed whether to support other restrictions of this WI scope and clarified that it would be discussed in RAN#98-e meeting.
One possible points which should be clarify in objectives in WID is whether to support CA/DC-related features for Rel-18 eRedCap.
In Rel-17, CA/DC-related features are not supported for RedCap UEs for the complexity reduction on UE processing and they were explicitly precluded in WID objective. In Rel-18, now we aim to further reduce UE complexity from Rel-17 RedCap, and hence the CA/DC-related features should not be supported for Rel-18 eRedCap either.

Proposal 3:
At least the UE features for carrier aggregation and dual connectivity should not be supported by Rel-18 eRedCap UE.


3. Conclusion

In this contribution, we provide our views on UE peak rate reduction, separate early indication and other restrictions on this WI and following proposals were made.

Proposal 1:
For further UE peak rate reduction in Rel-18, the minimum UE peak rate should be 6 Mbps.

Proposal 2:
The separate ealy indication specific to Rel-18 RedCap should be supported.

Proposal 3:
At least the UE features for carrier aggregation and dual connectivity should not be supported by Rel-18 eRedCap UE.
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