[bookmark: _Hlk961875]3GPP TSG RAN WG1 #110bis-e		R1-2209663
e-Meeting, October 10th – 19th, 2022

Agenda item:	9.6.1	UE complexity reduction
Source: 	Sierra Wireless
Title: 	Considerations for further UE complexity reduction
Document for:	Discussion and decision
Introduction
The new Rel-18 eRedCap WID “New WID on enhanced support of reduced capability NR devices” [1] was approved in RAN#97-e, that includes the objectives for the new Rel-18 eRedCap. This tdoc discusses the considerations for these complexity reduction features in the WID. 

Is the peak rate reduction a standalone feature?
From the Rel-18 eRedCap WID [1]:· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone

Dual mode LTE + eRedCap devices would be needed for an extended period of time until significant numbers of networks add support for eRedCap standalone. These devices would need to fully support LTE capability and bandwidths, hence would not be able to realize the cost savings of going to 5MHz RB allocation for NR. Allowing dual mode devices to use the HW capability required for LTE with NR would be the best usage of the HW.
Dual mode LTE+eRedCap UEs will be commercially deployed which have no cost benefit to restrict PDSCH/PUSCH BB to 5MHz. 

From the Rel-18 eRedCap WID[1]:· Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.



Given the optional features available for Rel-17 RedCap UEs, multiple variants or “UE Types” of RedCap devices already exists. For example, a Rel-17 RedCap device (with a single early indication) has multiple optional features such as number of antenna/MIMO, modulation, duplexing, scaling factor creating several “UE types”. 
The term “UE Type” is ambiguous because of all the optional UE capabilities 

The key is that in Rel-17 only a single early indication is used so that the NW can assume the one “UE type” at least until it receives the UE capabilities. This can also be done for Rel-18 eRedCap UE where the standalone peak data rate reduction feature does not create additional “UE types”.  The NW would not need early identification to differentiate between eRedCap with 20MHz vs 5MHz because the NW can assume 5 MHz until it receives the UE capability message, after which can schedule at the larger RB allocations. Using one early indication for 20MHz and 5MHz eRedCap UEs has less performance difference than what was agreed in Rel 17 where 2Rx/MIMO and 1Rx/SISO UEs use the same early indication.
One early indication shall be specified for all eRedCap UEs (regardless of UE capabilities)

The above bullet in the WID restricting to one “UE Type” was at least partially intended to make sure economies of scale are considered when developing eRedCap. With the ability to support standalone peak data rate reduction, the economies of scale for eRedCap will be improved as the standalone peak rate eRedCap UE would be similar to a Rel-17 RedCap devices. A standalone peak rate Rel18 eRedCap UE will likely be able to reuse a Rel-17 RedCap chipset (or at least most of the design) but with less external RAM thus the standalone peak rate feature will increase economies of scale. 
Permitting standalone peak data rate reduction eRedCap UEs will improve the economies of scale for eRedCap
Allow UE peak data rate reduction for eRedCap devices to operate as standalone without PDSCH/PUSCH bandwidth reduction
Early indication 
From the Rel-18 eRedCap WID [1]:
Check in RAN#98-e regarding:
· Whether or not/how a separate early indication can be supported



The Rel-18 eRedCap WID objectives includes the reduction of the PDSCH/PUSCH BB BW to 5MHz. This reduction would restrict the NW scheduling for Rel-18 eRedCap compared to Rel-17 RedCap UEs. Hence, if the NW does not get a separate indication of the Rel-18 eRedCap PDSCH/PUSCH BB BW capability, then the NW would need to assume the same capability for all RedCap/eRedCap UEs which would reduce network capacity and possibly increase connection latency for Rel17 RedCap UEs. Additionally, without an indication, the specification changes introduced for Rel-18 eRedCap would need to be limited to what is also supported by legacy Rel-17 RedCap. Note: The Rel-18 eRedCap TR[2] had also suggested that early indication (via Msg1/MsgA) might be needed for BW reduction features. 

The NW needs to know the Rel-18 eRedCap PDSCH/PUSCH BW capability for scheduling for Msg-2/3/4

As was the case with Rel-17 RedCap vs legacy NR, a separate early indication would allow the NW to differentiate for the new device type earlier. The early indication could be either in Msg 1 (using a new PRACH partitioning for eRedCap vs RedCap) and/or Msg3 (with additional LCID for eRedCap). For Rel-17 RedCap, the indication is in both Msg1 and Msg3, this could be similarly done for Rel-18 eRedCap. 

Add support for separate msg 1 and /or msg 3 early indication for Rel-18 PDSCH/PUSCH BW eRedCap vs Rel-17 RedCap

If the eRedCap only includes peak data rate reductions (i.e., UE supports 20MHz PDSCH/PUSCH), the resulting restricted TBS size may be sufficiently large to support all the initial access messages, such as Msg2/3/4. The Rel-18 eRedCap TR[2] did not conclude that early indication is needed for this case, hence there may not be a need for early indication for peak data rate reduction standalone or may only be needed in msg3 and not msg1.
The NW may not need to know the Rel-18 eRedCap peak rate reduction scheduling for Msg-2/3/4
Study whether early indication of standalone peak rate reduction is needed

The broadcasted indication for barring/support of RedCap devices that were added in Rel-17 would need to be extended to separately indicate barring/support for Rel-18 eRedCap devices. A NW that can support RedCap devices may not be able to support eRedCap devices thus requiring a separate indication. 

A network may support Rel-17 RedCap UEs but not Rel-18 eRedCap UEs.
A broadcasted SI indicating network support for Rel-18 eRedCap is needed.


Reduced UE peak data rate in FR1
From the Rel-18 eRedCap WID [1] Justification section:Rel-18 RedCap should provide NR support for low-tier devices between existing LPWA UEs and the capabilities of Rel-17 RedCap UEs. The supported peak data rate for Rel-18 RedCap targets to 10Mbps. Rel-18 RedCap should not overlap with existing LPWA solutions.


 From the Rel-18 eRedCap WID [1] Objectives:· 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.


The target data rate for Rel-18 eRedCap in the WID justification section is 10Mbps. Hence the selection of the relaxed constraint (in the WID objectives) should target the peak data rate of around 10Mbps. For a Rel-18 PDSCH/PUSCH 5MHz BW eRedCap, the constraint of 3 (instead of 4) would give ~10Mbps. Reducing the constraint further would end up with devices that have peak data rates less than 10Mbps.

The relaxed peak rate constraint shall be chosen such that the peak data is not less than 10Mbps DL and 5Mbps UL (i.e., CAT-1 peak rates).


Conclusions
1. Dual mode LTE+eRedCap UEs will be commercially deployed which have no cost benefit to restrict PDSCH/PUSCH BB to 5MHz. 
1. The term “UE Type” is ambiguous because of all the optional UE capabilities 
1. One early indication shall be specified for all eRedCap UEs (regardless of UE capabilities)
Permitting standalone peak data rate reduction eRedCap UEs will improve the economies of scale for eRedCap
1. Allow UE peak data rate reduction for eRedCap devices to operate as standalone without PDSCH/PUSCH bandwidth reduction
The NW needs to know the Rel-18 eRedCap PDSCH/PUSCH BW capability for scheduling for Msg-2/3/4
Add support for separate msg 1 and /or msg 3 early indication for Rel-18 PDSCH/PUSCH BW eRedCap vs Rel-17 RedCap
The NW may not need to know the Rel 18 eRedCap peak rate reduction scheduling for Msg-2/3/4
Study whether early indication of standalone peak rate reduction is needed
A network may support Rel-17 RedCap UEs but not Rel-18 eRedCap UEs.
A broadcasted SI indicating network support for Rel-18 eRedCap is needed.
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