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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]The Rel-18 RedCap work item [1] started in RAN1 after the RAN#97 meeting. RAN1 has made progress on UE baseband (BB) bandwidth reduction while making little progress on UE peak data rate reduction (PR1) and separate early indication (EI). Notes in the work item ask RAN to check “Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone”. This contribution provides proposals so that the working groups can make further progress for Rel-18 RedCap on PR1 and EI.
Discussion
Standalone PR1
Limited progress has been made on standalone PR1, with only the following agreement (made in RAN1#110bis-e):
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.

Per RAN decision, standalone PR1 must be decided at this RAN. Many companies do not want to consider PR1 as a standalone technique for Rel-18 RedCap UEs. The lack of consensus on this technique also occurred in Rel-17, where RAN1 could not reach any agreement regarding the L2 buffer size for Rel-17 RedCap UEs [2]. Most companies at the time did NOT to support standalone PR1 (i.e. relaxing of the factor 4 to another value). The main concerns against standalone PR1 can be seen from the Qualcomm round 2 responses in the discussion ([3], excerpted for convenience in Appendix 3):
· “it is unclear to us how much cost/complexity reduction can be achieved by reducing the product value from 4 to a smaller value”
· “we should focus on the essential complexity reduction features to enable a single RedCap UE type, instead of distracting the discussion with a risk of market fragmentation”
Nothing has changed since Rel-17 other than providing the quantitative evidence that confirmed that standalone PR1 is not worthwhile (~4% reduction, the smallest of any considered technique (Table 7.5.2-1 of [4])). The risk of fragmentation is still a very real concern, as standalone PR1 would create a RedCap UE type in between Rel-17 RedCap and the (already agreed) Rel-18 RedCap with 5MHz baseband. Introducing standalone PR1 is clearly against the objective of the work item “Aim to define at most one Rel-18 RedCap UE type for further UE complexity reduction.” Indeed, a goal to “lower the bar” and use standalone PR1 to claim “early implementation” of Rel-18 RedCap is, effectively, the same as a goal to fragment the market and marginalize the “full” Rel-18 RedCap implementations.
Proposal 1: Do not support PR1 as a standalone technique.

Early Indication
In RAN#98, an objective was included to “Support additional separate early indication(s) [RAN1, RAN2]”. There are two types of EI: Msg1 and Msg3. RAN2 made an agreement to support Rel-18 Msg3 EI. The remaining issue is Rel-18 Msg1 EI. RAN1 seems a bit stuck on this discussion, which RAN2 is awaiting. We are okay to continue discussion in RAN1 for another quarter, but in case RAN will look to resolve the issue whether or not to support Msg1 EI we provide the observations and proposal, below. 
There are two main arguments as to why a network should not be prohibited from implementing a separate Msg 1 early indication for Rel-18 RedCap UEs.
(1) Rel-18 RedCap UEs need additional time to process Msg 2 compared to Rel-17 RedCap UEs
(2) Rel-18 may need Msg 1 EI when Rel-17 does not need Msg 1 EI (e.g., 20MHz deployment)
On (1), the ~5 MHz baseband restriction for Rel-18 RedCap UEs can affect initial access by limiting the processing time for Msg2, the size of Msg3, and the sizes of subsequent unicast PDSCH / PUSCH. In RAN1#112, an agreement was reached about the dependency of the size of Msg2 and the processing time for scheduling Msg3 (Appendix 4). When the size of Msg2 is larger than ~5 MHz, there is an additional delay for the processing of Msg2, and the delay impacts the scheduling of Msg3. Without Rel-18 separate EI in Msg1, the network is unaware of the presence of Rel-18 RedCap UEs, and the network may have to decode blind decode Msg3 in multiple slots, which is a waste of network resources and processing. With TBS scaling Msg2 exceeds 5MHz any time more than a single UE needs a RAR[footnoteRef:1], so this is not a corner case. At the UE side, however, there is no difference in implementation of the Msg1 EI – Msg1 EI is anyway already implemented in the UE and it does not care who else is sharing the preambles/occasions. [1:  A simple example is when two MAC RARs are scheduled in one PDSCH. With each RAR requiring 8 octets, a transport block of 128 bits is encoded into 550 REs with MCS0 or equivalently 3.5 RBs assuming 156 REs per RB. Since an integral number of RBs can only be scheduled, those 3.5 RBs become 4 RBs and can get mapped into 16 RBs with maximum redundancy of TB scaling. When 30 kHz SCS is used, the maximum number of RBs in 5 MHz is 12. Thus, even with two RARs scheduled, the delay for Msg2 processing would apply.] 

Observation 1. There is network impact to accommodate the additional delay for processing Rel-18 RedCap Msg2.
Observation 2. There is no impact to the UE for supporting a separate Msg1 EI.
On (2), there is a 20MHz deployment scenario where a Rel-18 RedCap UE would need a Rel-18 Msg1 EI but a Rel-17 RedCap UE does not need a Rel-17 Msg1 EI (as discussed in our contribution [5]). A feature lead proposal was discussed in RAN1#112 [6] where companies were OK with the scenario and need for a Msg1 EI only for the Rel-18 RedCap UEs. However, the proposal could not be agreed because some companies wanted the separate Rel-18 Msg1 EI to be used ONLY when the Rel-17 Msg 1 EI was not being used, in order to limit possible Msg1 preamble fragmentation.
Observation 3. A Rel-18 Msg1 EI is required (at least) in the case where Rel-17 does not use Msg1 EI.
In our view, it should be up to the network whether or not to configure (using the same Rel-17 early indication framework) a dedicated Rel-18 RedCap Msg1 EI or to “take the hit” on blind decoding transmissions (e.g., Msg2/Msg3). In any case it should be obvious to all that a network should be able to implement a separate EI for Rel-18 RedCap UEs in a 20MHz deployment scenario, where the EI does not apply to the Rel-17 RedCap UEs that are treated similarly to the non-RedCap UEs. 
Based on our analysis regarding Msg1 EI, we propose:
Proposal 2. Support an additional separate Msg1 early indication for Rel-18.


Conclusion
We observe and propose the following:
Proposal 1: Do not support PR1 as a standalone technique.

Observation 1. There is network impact to accommodate the additional delay for processing Rel-18 RedCap Msg2.
Observation 2. There is no impact to the UE for supporting a separate Msg1 EI.
Observation 3. A Rel-18 Msg1 EI is required (at least) in the case where Rel-17 does not use Msg1 EI.
Proposal 2. Support an additional separate Msg1 early indication for Rel-18.
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Appendices
Appendix 1
From Rel-18 WID [1]
4.1	Objective of Core part WI
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, 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.
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#99 regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone

Appendix 2
From the TR [4]
[bookmark: _Toc114476645]9	Conclusions and recommendations
…
Some of the companies who participated in the study also wanted to include one or both of the following options in the above list, for RAN plenary to assess the trade-off between degree of complexity reduction and specification impact.
-	Option PR1:
-	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 [4].
-	Option BW1:
-	Both RF and BB bandwidths are 5 MHz for UL and DL.
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.

Appendix 3
Some replies from [3]
	
	

	Round 1
	· Opt. 1: Scaling factors for peak DL/UL rates with existing values {0.4, 0.75, 0.8, 1} are available to RedCap UEs, with the same constraint on the minimum value of the product of max number of layers, max modulation order, and scaling factor as applicable for single carrier NR SA operation, i.e., equal to 4.
· No change to current specs for RedCap.

	Reply
	Qualcomm
We support Option 1 (No change to current spec is needed for R17 RedCap UE) for the following reasons:
1) to ensure the co-existence with non-RedCap UE, especially for sharing SIB transmitted within the BW of MIB-configured CORESET#0
2) reducing L2 buffer size via peak rate scaling factor reduction is out of the scope of R17 RedCap WI objectives

	Round 2
	· For reduction in L2 buffer size requirements via peak rate scaling factors for Rel-17 RedCap
· Scaling factors for peak DL/UL rates with existing values {0.4, 0.75, 0.8, 1} are available to Rel-17 RedCap UEs
· The minimum value of the product of max number of layers, max modulation order, and scaling factor as applicable for single carrier NR SA operation is down-selected from the following:
· 4 (i.e., same as for non-RedCap; no spec change)
· Less than 4 (e.g., 1, 1.5, 2) (i.e., reduced as a cost/complexity reduction feature for Rel-17 RedCap)

	Reply
	Qualcomm
Thanks FL for the updated proposal, and the comments of all companies above.
Regarding the minimum value for the product of (max number of MIMO layers)*(max modulation order)*(scaling factor configured by higher layer), we think R17 RedCap UE should re-use the number (4) applied to non-RedCap UE for the following reasons:
1) applying a product value less than 4 leads to reduced peak data rates and extra TBS restriction on DL/UL
2) TBS restriction for R17 RedCap UE was proposed and studied during the phase of R17 SI, but has been excluded from the RAN1 objectives of R17 WI
3) applying a product value less than 4 potentially impacts the co-existence of RedCap and non-RedCap UE and reduces the spectral efficiency of NW (e.g. imposing constraints on multiplexing RedCap and non-RedCap UEs in DL/UL MU-MIMO; limiting the payload size of broadcast/multicast messages targeting both RedCap and non-RedCap UEs)
3) it is unclear to us how much cost/complexity reduction can be achieved by reducing the product value from 4 to a smaller value (say x), how many intermediate values should be specifed between x and 4, and how many more bits need to be allocated in UE capability signaling
4) ”reducing the peak data rates of RedCap UE” was discussed at RAN#93 meeting for R18 eRedCap, and has been included in the moderator’s recommendation for the scope of R18 eRedCap UE; therefore, further peak data rates reduction and TBS restriction can be studied/discussed in R18
5) in R17, we should focus on the essential complexity reduction features to enable a single RedCap UE type, instead of distracting the discussion with a risk of market fragmentation

	Round 3
	· For reduction in L2 buffer size requirements via peak rate scaling factors for Rel-17 RedCap
· Scaling factors for peak DL/UL rates with existing values {0.4, 0.75, 0.8, 1} are available to Rel-17 RedCap UEs
· The minimum value of the product of max number of layers, max modulation order, and scaling factor as applicable for single carrier NR SA operation is reduced from 4 to 1.5.

	Reply
	Qualcomm
· First of all, thanks for the efforts of FL as well as the discussion of all participating companies.
· We agree with the first bullet of this proposal on re-using the existing scaling factors for DL/UL peak data rates. However, we cannot accept the second bullet of this proposal, based on the reasons mentioned before (copied below). 
· Considering the current status, it is not likely for companies to reach a consensus by the end of RAN1#106b.
· Therefore, we suggest to capture the conclusion that “There is no consensus in RAN1 in reducing the minimum value of the product of max number of layers, max modulation order, and scaling factor as applicable for single carrier NR SA operation” in the reply LS to RAN2.
…



Appendix 4
Agreement from RAN1#112 [7] 
	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 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



