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1. Introduction
A new WID on further NR RedCap UE complexity reduction (FS_NR_redcap_enh) was approved at the RAN#97-e meeting and revised at the RAN#98-e meeting [1]. The objectives of the WI 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.
· 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-e regarding:
· Whether UE peak data rate reduction for UE is limited only with UE BB bandwidth reduction or standalone



In this contribution, we discuss on further UE complexity reduction in FR1 for Rel-18 eRedCap.

2. Discussion
2.1. Separate initial DL/UL BWP
At the RAN1#110bis-e meeting, the following agreement was made for separate initial DL/UL BWP[2];
	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



At the RAN1#111 meeting, it was discussed additional separate initial DL/UL BWP specific to Rel-18 RedCap UEs, but no consensus has made as follows [3];
	FL6
	The following conclusion was made in the Wednesday online session:
Conclusion:
There is no consensus to continue discussion on “whether additional separate initial DL/UL BWP specific to Rel-18 RedCap Ues is allowed to be configured by the SIB in the cell”.




Based on the RAN1 agreement, the following two cases are supported so far;
· Case 1a: For a cell supporting both Rel-17 and Rel-18 eRedCap UEs, non-RedCap, Rel-17 and Rel-18 RedCap UEs share the initial BWP.
· Case 1b: For a cell supporting both Rel-17 and Rel-18 eRedCap UEs, Rel-17 and Rel-18 eRedCap UEs share the separate initial BWP.

[image: ]
Fig.1a  Initial BWP configuration for Case 1a          Fig.1b  Initial BWP configuration for Case 1b 

Observation 1.	As for Case 1a and Case 1b, they are cases based on the RAN1 agreement and must be included in the signalling.

In addition to the above two cases, the following three cases can be further considered;
· Case 1c: For a cell supporting both Rel-17 and Rel-18 RedCap UEs, non-RedCap and Rel-17 RedCap UEs share the initial BWP and separate initial BWP specific to Rel-18 eRedCap UE is configured.
· Case 1d: For a cell supporting both Rel-17 and Rel-18 RedCap UEs, a separate initial BWP is configured for Rel-17 and another separate initial BWP is configured for Rel-18 eRedCap UE.
· Case 2: For a cell supporting only Rel-18 eRedCap UE and not supporting Rel-17 RedCap UE, separate initial BWP specific to Rel-18 eRedCap UE is configured.
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Fig.1c  Initial BWP configuration for Case 1c              Fig.1d  Initial BWP configuration for Case 1d
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Fig.2  Initial BWP configuration for Case 2

For Case 1c, Case 1d, and Case 2, they are not included in the RAN1 agreement, but there is no serious impact from the RAN1 perspective, and it is better to discuss their necessity in RAN2 and decide which cases to include in signalling.

Observation 2.	For Case 1c, Case 1d, and Case 2, they are not included in the RAN1 agreement, but there is no serious impact from the RAN1 perspective, and it is better to discuss their necessity in RAN2 and decide which cases to include in signalling.

Regarding the Case 1c and 1d, we see the clear benefits to support these cases considering the target use cases for Rel-18 eRedCap.
In Rel-18, this WI is targeting low-end devices and cost/complexity need to be further reduced compared to Rel-17 RedCap. Accordingly, 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. As captured in WID objective, the NW would accommodate non-RedCap UE, Rel-17 eRedCap UE and Rel-18 eRedCap UE at most, and hence such case should be considered. In our view, for such case, the congestion on the resources for random access can be the bottleneck for the NW and is highly concerned. To address this concern, enhancements from Rel-17 RedCap from capacity for random access perspective should be considered.
For the Case 1c and 1d, random access resources can be offloaded to Rel-18 eRedCap specific initial BWP and the congestion on random access can be resolved. Furthermore, if Rel-18 eRedCap specific initial BWP can be configured, NW can configure much smaller BWP size for the eRedCap UE than that for legacy UEs. For example, initial BWP for Rel-17 RedCap (and non-RedCap UE) is configured as 20 MHz and another initial BWP for Rel-18 eRedCap is configured as 5 MHz. In this operation, during random access and after random access, Rel-18 eRedCap UE can operate with 5MHz BWP while the wider BWP operation is still allowed for legacy UEs even for random access. BWP size is important factor for UE power saving, and hence it is meaningful for Rel-18 eRedCap to allow such BWP operation.
In addition, it should be also noted that this operation does not intend to change the separate initial DL/UL BWP framework in Rel-17 and the possible specification impact is only introducing new RRC parameter for the configuration related to the additional separate initial DL/UL BWP for Rel-18 eRedCap. From UE perspective, only one SIB-configured separate initial BWP is configured for Rel-18 eRedCap UE and this is exactly the same operation as Rel-17 RedCap UEs. More specifically, for example (for DL BWP), if both initialDownlinkBWP-RedCap-r17 and initialDownlinkBWP-RedCap-r18 is configured for Rel-18 eRedCap UE in SIB1, the UE uses the initial BWP associated with the configurations of initialDownlinkBWP-RedCap-r18. In that sense, we don’t think this operation impacts on the legacy operation.
Finally, regarding the Case 1d as shown in Fig.1d, a separate initial DL/UL BWP for Rel-18 eRedCap UEs would be configured to be aligned with one side of initial UL BWP for legacy UEs and the separate initial DL/UL BWP for Rel-17 RedCap UEs would be configured to be aligned with another side of initial UL BWP for legacy UEs. Based on the configuration, PUSCH fragmentation can be avoided by disabling the frequency hopping for common PUCCH even if the additional separate initial UL BWP is configured for Rel-18 eRedCap.
It should be noted that it is up to NW whether to use such initial BWP configuration specific to Rel-18 eRedCap, i.e., NW can configure a separate initial BWP specific to Rel-18 eRedCap if the random access capacity is concerned, otherwise, initial BWP can be shared with legacy UEs.
To summarize, we believe Case 1c and 1d BWP operations is beneficial for offloading of random access and also potentially beneficial from power saving perspective. Therefore, we propose to support these operations in Rel-18.

Observation 3.	Case 1c and 1d BWP operations is beneficial for offloading of random access and also potentially beneficial from power saving perspective. Therefore, we propose to support these operations in Rel-18.

Regarding the Case 2, this is the same operation as Rel-17 RedCap UEs, i.e., initial BWP which exceeds 20 MHz is configured for non-RedCap UEs and a separate initial BWP which does not exceed 20MHz is configured for Rel-18 eRedCap UEs. Therefore, Rel-17 framework can be simply reused, and hence this case should be supported.

Observation 4.	Case 2 ( for a cell supporting only Rel-18 eRedCap UE and not supporting Rel-17 RedCap UE, separate initial BWP specific to Rel-18 eRedCap UE is configured) can simply reuse Rel-17 frame work.

With respect to Initial BWP, there should be a discussion on whether RAN2 should support the five cases listed so far.
Proposal 1. 	RAN2 start discussing following cases;
Case 1a: For a cell supporting both Rel-17 and Rel-18 eRedCap UEs, non-RedCap,   Rel-17 and Rel-18 RedCap UEs share the initial BWP.
Case 1b: For a cell supporting both Rel-17 and Rel-18 eRedCap UEs, Rel-17 and Rel-18 eRedCap UEs share the separate initial BWP.- UE capability of the minimum separation time
Case 1c: For a cell supporting both Rel-17 and Rel-18 RedCap UEs, non-RedCap and Rel-17 RedCap UEs share the initial BWP and separate initial BWP specific to Rel-18 eRedCap UE is configured.
Case 1d: For a cell supporting both Rel-17 and Rel-18 RedCap UEs, a separate initial BWP is configured for Rel-17 and another separate initial BWP is configured for Rel-18 eRedCap UE.
Case 2: For a cell supporting only Rel-18 eRedCap UE and not supporting Rel-17 RedCap UE, separate initial BWP specific to Rel-18 eRedCap UE is configured.

2.2. Cell barring
At the RAN2#121, following agreement was made[4];
	· The NR MIB “cellBarred” bit applies to all UEs (Normal UEs, Redcap UEs and eRedcap UEs).



The following three options (options A-C) are possible for CellBar for RedCap UE and eRedCap UE.
Option A:
No separation of RedCap UE and eRedCap UE for Cell bar. The effect on SIB1 is eliminated, but it is not possible to control RedCap UE and eRedCap UE separately.
Table 1. Cell barring for option A
	cellBarredRedCap1Rx-r17
	cellBarredRedCap2Rx-r17
	RedCap UEs
	eRedCap UEs

	
	
	1Rx
	2Rx
	1Rx
	2Rx

	Not Barred
	Not Barred
	Not Barred
	Not Barred
	Not Barred
	Not Barred

	Not Barred
	Barred
	Not Barred
	Barred
	Not Barred
	Barred

	Barred
	Not Barred
	Barred
	Not Barred
	Barred
	Not Barred

	Barred
	Barred
	Barred
	Barred
	Barred
	Barred



Option B:
To differentiate between RedCap UE and eRedCap UE for Cell bar, add a 1-bit parameter (cellBarredeRedCap-r18) to barring eRedCap. Although only 1 bit needs to be added to SIB1, it is not possible to control barring only RedCap UE. In addition, barring of 1Rx UE and 2RxUE is always controlled the same for RedCap UE and eRedCap UE.
Table 2. Cell barring for option B
	cellBarredRedCap1Rx-r17
	cellBarredRedCap2Rx-r17
	cellBarredeRedCap-r18
	RedCap UEs
	eRedCap UEs

	
	
	
	1Rx
	2Rx
	1Rx
	2Rx

	Not Barred
	Not Barred
	Not Barred
	Not Barred
	Not Barred
	Not Barred
	Not Barred

	Not Barred
	Not Barred
	Barred
	Not Barred
	Not Barred
	Barred
	Barred

	Not Barred
	Barred
	Not Barred
	Not Barred
	Barred
	Not Barred
	Barred

	Not Barred
	Barred
	Barred
	Not Barred
	Barred
	Barred
	Barred

	Barred
	Not Barred
	Not Barred
	Barred
	Not Barred
	Barred
	Not Barred

	Barred
	Not Barred
	Barred
	Barred
	Not Barred
	Barred
	Barred

	Barred
	Barred
	Not Barred
	Barred
	Barred
	Barred
	Barred

	Barred
	Barred
	Barred
	Barred
	Barred
	Barred
	Barred



Option C:
To differentiate RedCap UE and eRedCapUE for Cell bar, add a 2-bit parameter (cellBarredeRedCap1Rx-r18, cellBarredeRedCap2Rx-r18) to barring eRedCap. Although 2 bits need to be added to SIB1, RedCap UE, eRedCap UE, 1RX UE, and 2RxUE can be barring controlled completely independently.
Table 3. Cell barring for option C for RedCapUEs
	cellBarredRedCap1Rx-r17
	cellBarredRedCap2Rx-r17
	RedCap UEs

	
	
	1Rx
	2Rx

	Not Barred
	Not Barred
	Not Barred
	Not Barred

	Not Barred
	Barred
	Not Barred
	Barred

	Barred
	Not Barred
	Barred
	Not Barred

	Barred
	Barred
	Barred
	Barred


Table 4. Cell barring for option C for eRedCapUEs
	cellBarredeRedCap1Rx-r18
	cellBarredeRedCap2Rx-r18
	eRedCap UEs

	
	
	1Rx
	2Rx

	Not Barred
	Not Barred
	Not Barred
	Not Barred

	Not Barred
	Barred
	Not Barred
	Barred

	Barred
	Not Barred
	Barred
	Not Barred

	Barred
	Barred
	Barred
	Barred



There are also two possible options for the acceptability of half duplex as well.
Option1: Both RedCap UE and eRedCap UE refer to halfDuplexRedCapAllowed-r17.
Option2: Add a new halfDuplexeRedCapAllowed-r18, where RedCap UE refers to halfDuplexRedCapAllowed-r17 and eRedCap UE refers to halfDuplexeRedCapAllowed-r18, respectively.

As shown above, there are six possible cell barring combinations of options A-C and options 1-2.
We understand that RedCap UE and eRedCap UE have different frequency ranges that can be used and the use cases and number of UEs in a cell may be different. Therefore, from the operator's point of view, the combination of optionC and option2 with the finest granularity is preferable, since UEs with such different characteristics should be able to be controlled with as much distinction as possible.
Proposal 2. 	RAN2 should be discussed to select one of the six options listed above.
Proposal 3. 	RedCapUE and eRedCapUE may have different use cases and should be able to be controlled at a finer granularity

3. Summary and proposal
Observation 1.	As for Case 1a and Case 1b, they are cases based on the RAN1 agreement and must be included in the signalling.
Observation 2.	For Case 1c, Case 1d, and Case 2, they are not included in the RAN1 agreement, but there is no serious impact from the RAN1 perspective, and it is better to discuss their necessity in RAN2 and decide which cases to include in signalling.
Observation 3.	Case 1c and 1d BWP operations is beneficial for offloading of random access and also potentially beneficial from power saving perspective. Therefore, we propose to support these operations in Rel-18.
Observation 4.	Case 2 ( for a cell supporting only Rel-18 eRedCap UE and not supporting Rel-17 RedCap UE, separate initial BWP specific to Rel-18 eRedCap UE is configured) can simply reuse Rel-17 frame work.
Proposal 1. 	RAN2 start discussing following cases;
Case 1a: For a cell supporting both Rel-17 and Rel-18 eRedCap UEs, non-RedCap,   Rel-17 and Rel-18 RedCap UEs share the initial BWP.
Case 1b: For a cell supporting both Rel-17 and Rel-18 eRedCap UEs, Rel-17 and Rel-18 eRedCap UEs share the separate initial BWP.- UE capability of the minimum separation time
Case 1c: For a cell supporting both Rel-17 and Rel-18 RedCap UEs, non-RedCap and Rel-17 RedCap UEs share the initial BWP and separate initial BWP specific to Rel-18 eRedCap UE is configured.
Case 1d: For a cell supporting both Rel-17 and Rel-18 RedCap UEs, a separate initial BWP is configured for Rel-17 and another separate initial BWP is configured for Rel-18 eRedCap UE.
Case 2: For a cell supporting only Rel-18 eRedCap UE and not supporting Rel-17 RedCap UE, separate initial BWP specific to Rel-18 eRedCap UE is configured.
Proposal 2. 	RAN2 should be discussed to select one of the six options listed above.
Proposal 3. 	RedCapUE and eRedCapUE may have different use cases and should be able to be controlled at a finer granularity
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[4] R2-2301910, Report from eRedCap breakout session, Session chair (Ericsson)


1

image3.png
Initial access

CD-SSB

PuccH

ULBWP#0 for non-RedCap

PuccH

DL BWPHO for
non-RedCap

ReL\S‘

eRedCap

Random access

BWP#0 for
RedCap UE

[PuccH

DL BWP#0 for

eRedCap UE





image1.png
Initial access and
random access

CD-SSB

Initial access

CD-SSB

e

8
2

UL BWP#0 for non-RedCap/ R17 RedCap /R18 eRedCap UE

puccH

PuccH

ULBWP#0 for non-RedCap UE

PuccH

DL BWP#0 for non-RedCap / R17 RedCap /R18 eRedCap UE

Random access

g uLewpsofor 3

2 RedCap/eRedCapUE 3
DL BWP#O for

RedCap/eRedCap UE

DL BWPHO for
non-RedCap UE

‘%17

RedCap
Rel-18
eRedCap





image2.png
Initial access

c-ss8

'ULBWPHOfor non-RedCap/R17 RedCap UE

[Puca]
uc

ULBWPHO for non-RedCap UE

fpuc

DLBWP#O for

non-RedCap/R17 RedCap UE

N

eRedCap

Random access

g

L "’”Wl_g] § uLswesofor

chedca
ot 2 RedCapUE

DLBWPHOfor
RedCap UE

puccH

DL BWPHO for
non-RedCap UE

s

RedCap

Re}‘

eRedCap

Separate early.
indication ca
be transmitted

swrmora ]G]
receap ot |9

PUSCH
fragmentation
can be avoided

DLBWPHOfor
eRedCap UE

MHz





