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Introduction
The new Rel-18 eRedCap WID “New WID on enhanced support of reduced capability NR devices” [1] was updated in RAN#98e, that includes the objectives for the new Rel-18 eRedCap. In RAN#99 proposal in RP-230778[2] was endorsed. This tdoc discusses the considerations for these complexity reduction features in the WID and RP-230778.
Early indication
In RAN#98e, the Rel-18 eRedCap WID was updated to add support for additional separate early indication [1]:· 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.


From RAN1#112[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





In the RAR agreement above, the network needs to either restrict the RAR PRB or relax the time between the RAR and Msg3 transmission for PUSCH/PDSCH PRB limited Rel-18 eRedCap (i.e., BW3). Without a separate Msg1 early indication for Rel-18 eRedCap, this added latency would also apply to legacy Rel-17 RedCap UEs (when Rel17 Redcap Msg 1 early indication is used for Rel18 eRedcap devices) or all NR devices (when no Msg1 early indication is used – likely when <=20MHz carriers). The latter case for carriers <=20MHz is the most worrying as adding ~1ms delay to all NR devices is unacceptable. Hence it would be beneficial to have a separate Msg1 early indication for eRedCap devices, especially BW3+PR1 devices. The Msg1 early indication would be an optional feature to deploy as the need for Msg1 indication depends on the network deployment (e.g., carrier bandwidth).

Without a separate early indication for Rel-18 eRedCap, potentially all NR UEs would have additional initial access latencies when scheduling larger RARs. 

A Rel18 Redcap Msg1 early indication for at least for Rel-18 BW3+PR1 eRedCap devices shall be specified as an optional network configuration.

In RAN1#112 the value for the X was narrowed down to one of three choices: [0.5/0.25 or 1/0.5 or 2/1] ms for 15/30kHz SCS. Without a separate Msg1 indication for eRedcap (i.e., same Msg1 indication with legacy Rel-17 RedCap devices), then the smallest latency should be selected to minimize the impact on legacy devices.  

If Rel18 Redcap Msg1 early indication is supported, X = 1/0.5ms or 2/1ms should be specified, 
Otherwise, X=0.5/0.25ms should be specified.




Reduced UE peak data rate in FR1
From RAN#99 RP-230778[2]: 
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





From RAN1#110bis-e[4]:
 Agreement:
· 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 
· If UE peak data rate reduction is supported as a standalone feature,
· The constraint vLayers·Qm·f ≥ 4 is relaxed to vLayers·Qm·f ≥ Y.
· FFS: the value of Y
· Note: Whether this option is supported will be decided in RAN plenary.



From RAN1#112[3]:
Agreement:
For the relaxed constraint X in the following earlier RAN1 agreement, down-select between X = 3 and X = 3.2.



In RAN#99 the standalone peak rate reduction was agreed to be supported, and it was agreed that the vLayers·Qm·f   
would be selected such that minimum peak data rates would be 10Mbps (i.e., the lowest peak rate should be 10Mbps). 

From RAN1#112[3]:
Agreement:
Revise the earlier agreement by removing the square brackets like this:
· 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



Peak rates below 10Mbps are not allowed given the above agreement. The restricted selection of the X and Y in the agreement above does not give exactly 10Mbps without introducing new scaling factor values. In terms of final product, the peak data rate of eRedCap should be just above 10Mbps rather than below. Customers expect products to perform at or above the advertised values, advertising 10Mbps is ideal. Hence, the smallest value that gives a peak data rate above 10Mbps should be selected; introducing new scaling factors should be avoided as it would add more spec changes with minimal gain.  
The X and Y (for peak data rate constraint relaxation) should be selected such that the resulting peak data rate is at least 10Mbps.  Hence use values X=3.2 and Y=0.75

Conclusions

1. Without a separate early indication for Rel-18 eRedCap, potentially all NR UEs would have additional initial access latencies when scheduling larger RARs. 

1. A Rel18 Redcap Msg1 early indication for at least for Rel-18 BW3+PR1 eRedCap devices shall be specified as an optional network configuration.

If Rel18 Redcap Msg1 early indication is supported, X = 1/0.5ms or 2/1ms should be specified, 
Otherwise, X=0.5/0.25ms should be specified.

The X and Y (for peak data rate constraint relaxation) should be selected such that the resulting peak data rate is at least 10Mbps.  Hence use values X=3.2 and Y=0.75
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