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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]The revised WID on support of reduced capability NR devices has been approved in [1]. Techniques for UE complexity reduction have been studied in the RedCap study item documented in TR 38.875.
In last meeting, a WF [2] for RedCap UE was agreed as follow.
	…
Specification structure and impact
· RedCap specific requirements are introduced in new subsections in TS 38.133.The new sections are FFS and will be decided based on the impacted requirements as identified in issue 4-1-1.
· For 36.133: RedCap specific inter-RAT requirements, if introduced, will be in new subsections in TS 36.133. The new sections are FFS and will be decided based on the impacted requirements as identified in issue 4-2-1.
· RedCap requirements are developed with NR release 15 RRM requirements as baseline. Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI.
Scope of RedCap in release 17
· RRM requirements are developed for all three duplex modes, i.e. FD-FDD, HD-FDD type A and TDD in Release 17 RedCap.
· RRM requirements are developed for both 1 Rx and 2Rx for each duplex mode (FD-FDD, HD-FDD type A and TDD).
· RAN4 should focus on RRM requirements that are relevant to PCell operation, i.e. no DC or CA is considered for RedCap in release 17.
· Inter-frequency mobility
· FFS whether to define inter-frequency RRM requirements for RedCap UE in Rel-17.
· Inter-RAT mobility
· Option 1: 
· Do not define inter-RAT RRM requirements for RedCap UE in Rel-17.
· Option 2: 
· Do not define inter-RAT RRM requirements on 2G/3G for RedCap UE in Rel-17
· FFS: whether define inter-RAT RRM requirements on LTE for RedCap UE in Rel-17
…


In this contribution, we will further discuss on UE complexity reduction for RedCap UE.
2 General rules for defining RedCap UE measurements
In Rel-17 Redcap WI one objective is UE complexity reduction.  According to the WID, this WI focuses on SA mode and single connectivity with operation in a single band at a time. To simplify the UE’s design for RedCap, only single carrier will be supported for RedCap UE. RAN4 was also agreed to focus on single carrier operation in last meeting.
	· RAN4 should focus on RRM requirements that are relevant to PCell operation, i.e. no DC or CA is considered for RedCap in release 17.


[bookmark: _Ref71223300]Observation 1: Only single carrier is supported by RedCap UE.
Naturally, to simplify the RedCap UE design, UE will only have single RF chain when only single carrier is supported. When RAN4 defined NR Rel-15 requirement, an important assumption is searcher limitation. Considering the trade-off between UE mobility and UE implementation cost, two searchers are assumed in NR CA measurements requirements. One dedicated searcher is used to PCell to monitor serving cell’s quality and guarantee UE’s mobility.  Another searcher is used to support multiple SCells’ measurements. SCells’ measurements will be scaled by the number of SCells. However, RedCap UE mainly focuses on low cost design and only supports single carrier processing. Thus, only one searcher shall be supported in RedCap UE.
[bookmark: _Ref71223308][bookmark: _Ref78465964]Proposal 1: When RAN4 defines the RRM requirement, it shall further consider the following factors for UE complexity reduction:
· Single RF path is expected
· Single searcher is expected
3 CSSF design for RedCap UE measurements
In Rel-15, RAN4 spent lots of time to discuss the CSSF design and agreed to split the CSSF for measuring outside gap and measuring within gap.
CSSF outside gap
In Rel-15 NR SA, the CSSF outside gap is defined as follow. It could be observed that 
· Three different CA scenarios are defined: FR1 CA, FR2 CA, FR1+FR2 CA
· PCC will always share one searcher and the scaling factor will always be 1. 
· Other SCCs share another searcher and are scaling with number of configured SCells. 
Table 1: CSSFoutside_gap,i scaling factor for SA mode
	Scenario
	CSSFoutside_gap,i for FR1 PCC
	CSSFoutside_gap,i for FR1 SCC
	CSSFoutside_gap,i for FR2 PCC
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is required
	CSSFoutside_gap,i for FR2 SCC where neighbour cell measurement is not required

	FR1 only CA 
	1
	Number of configured FR1 SCell(s)
	N/A
	N/A
	N/A

	FR2 only intra band CA 
	N/A
	N/A
	1
	N/A
	Number of configured FR2 SCell(s)

	FR1 +FR2 CA (FR1 PCell) Note 1
	1
	2×(Number of configured SCell(s)-1)
	N/A
	2 Note 5
	2×(Number of configured SCell(s)-1)

	Note 1:	Only one FR1 operating band and one FR2 operating band are included for FR1+FR2 inter-band CA.
Note 2:	Selection of FR2 SCC where neighbour cell measurement is required follows clause 9.2.3.2.
Note 3:	Void
Note 4:	Void
Note 5: 	CSSFoutside_gap,i =1 if  only one SCell is configured.


For RedCap UE, this CSSF outside gap can be simplified since only single carrier is supported.
· CSSFoutside_gap,i is applied to following measurement types:
-	Intra-frequency measurement with no measurement gap, when none of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
-	Intra-frequency measurement with no measurement gap, when part of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
· CSSFoutside_gap,i = 1
[bookmark: _Ref78465968]Proposal 2: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap.
CSSF within gap
In Rel-15 NR SA, the CSSF within gap is applied as follow. 
· Intra-frequency measurement object with no measurement gap, when all of the SMTC occasions of this intra-frequency measurement object are overlapped by the measurement gap.
· Intra-frequency measurement object with measurement gap.
· Inter-frequency measurement object.
It could be observed that intra-frequency and inter-frequency MOs will be sharing the gap to perform the measurements for NR UE. One of the complexity reduction techniques for RedCap UE is BW reduction. RedCap UE may also consider intra-frequency measurement with measurement gap because SSBs being measured may outside the active BWP due to BW reduction for RedCap UE. Thus, RedCap UE may also perform intra-frequency measurement within gap.
[bookmark: _Ref78465930]Observation 2: RedCap UE may also perform intra-frequency measurement within gap.
In last meeting, one of the open issues is whether to define inter-frequency measurements for RedCap UE. In TR 38.875, the use case for RedCap UE is defined as follow. Based on the use case defined, RedCap UE can support stationary or/and mobile capability.
	Use case specific requirements: 
1.	Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
2.	Video Surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
3.	Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).


[bookmark: _Ref78465933]Observation 3: RedCap UE can support stationary or/and mobile capability.
RAN2 had agreed to introduce a new operating scenario (e.g. "stationary") in addition to low mobility scenario for RedCap. Naturally, to support the mobility, the inter-frequency measurements shall be supported. When RAN4 further considers the CSSF within gap, it should differentiate the priority of intra-frequency measurement and inter-frequencies’ measurements because the intra-frequency measurement is directly related to PCell’s quality. To guarantee UE’s mobility, PCell measurement delays shall not significantly increase once PCell’s measurement will be performed within the measurement gap. PCell’s measurement may not share the same scaling factor with other inter-frequencies. Thus, we suggest RAN4 to revisit the design for CSSF within gap.
[bookmark: _Ref78465974]Proposal 3:  RAN4 needs to revisit the design for CSSF within gap to guarantee PCell’s mobility.
4 Gapless measurements capabilities for RedCap UE
In last meeting, there is an agreement on how to handle Rel-16 features as follow.
	· RedCap requirements are developed with NR release 15 RRM requirements as baseline. Which release 16 features to be considered for RedCap are discussed in case by case manner after sufficient progress is made in the WI.


 In this section, we briefly go through the optional capabilities for ‘gapless’ measurements defined in Rel-16 based on UE complexity reduction design for RedCap UE. 
NeedForGap, NCSG capabilities
In Rel-16 TEI and Rel-17, two enhanced measurement capabilies(NeedForGap and NCSG) are discussed in RAN4. When UE supports NeedForGap, it implies UE can perform measurements without gap. At the same time, when UE supports NCSG, it implies UE can perform measurements with limited interruption. From our understanding, the main reason why UE can support these features is that UE has an additional RF chain and two searchers. The UE can use this spare RF chain to perform measurements without gap once UE is not requested to schedule CAs with maximum carrier number reported by UE. Obviously, these gapless measurements are contradicting with RedCap UE design which focus on low cost, and single carrier. Thus, to simplify UE complexity, RedCap UE won’t support these gapless measurements. 
[bookmark: _Ref71219224]Proposal 4: To simplify UE complexity, RedCap UE won’t support ‘NeedForGap’ and ‘NCSG’ measurement capabilities.
Inter-frequency without gap capability
In Rel-16, RAN4 introduced a new UE capability for inter-frequency without gap. UE have the capabilities to handle two SSBs with different numerologies. It implies UE should at least support two searchers. When RAN4 discussed the requirement for inter-frequency without gap, it was also agreed the number of searcher for non-CA UE is 1. UE will perform measurement within gaps for non-CA capable UE [3]. Obviously, RedCap UE is also a non-CA capable UE. Thus, RedCap UE should not support inter-frequency without gap capablities.
	R4-2005348
· For UE without CA capability, the number of search assumed in the requirement is 1.
· For non-CA capable UE:
· Option 1 (Apple, CMCC, vivo, OPPO, Intel, Huawei, Ericsson, Qualcomm): Define requirements based on the assumption that UE perform measurement within gaps 


[bookmark: _Ref78465980]Proposal 5: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability.

5 Other RRM impact for RedCap UE
Maximum interruption in paging reception
The UE is allowed to cause interruption during the paging reception due to SI reading. The SI reading requirements may also be revisited due to reduced BW operation. According to the current requirements, the interruption time shall not exceed TSI-NR + 2*Ttarget_cell_SMTC_period ms [4]. Since RedCap is a low complexity UE, RAN4 needs to study whether the current interruption time is still valid. For this purpose, we have proposed simulation assumptions in Annex D in [5].
Proposal 6: The maximum interruption time during paging reception shall be studied for RedCap UEs.
Handover
New handover requirements are needed because the handover delay contains different parameters that are likely to be different for RedCap due to reduced number of receive branches. One example of parameter that might be different is Tsearch. Our companion paper contains simulation assumptions to study the cell detection performance. Also the type of handover to be supported by RedCap is likely to be different than for legacy NR UE. Therefore new handover requirements are needed for RedCap UEs.
Proposal 7: New handover requirements are needed for RedCap UEs.

RRC re-establishment and RRC Connection release with redirection
New requirements are needed for RRC re-establishment and RRC Connection release with redirection procedures due because at least following components of the total delay is likely to be different:
· Tidentify_intra_NR,
· Tidentify_inter_NR,i
· TSI-NR:
Simulation assumptions are presented in our companion paper to study the cell detection and SI reading performance, and the requirements can be defined based on those. 
Proposal 8: RAN4 to define new requirements for RRC re-establishment procedure RedCap. 
Proposal 9: RAN4 to define new requirements for RRC Connection release with redirection procedure for RedCap.

Random Access
Whether new random access requirements are needed depend on the RAN1 agreements on the PRACH design and configurations. For example, due to the reduced BW operation the PRACH occasions might be outside the UE BW resulting in the legacy requirements cannot be reused.
Proposal 10: Whether new RA requirements are introduced for RedCap depends on RAN1 PRACH design. 
UE transmit timing requirements
Due to the reduced complexity in the UE, it is uncertain whether the same timing requirements can be reused. It is recalled that the timing requirements in LTE cat-M was relaxed compared to the LTE MBB (Rel-8) UEs. More discussions are needed on this topic although we are fine to reuse the current transmit timing requirements.
Proposal 11: RAN4 to discuss whether Rel-15 NR UE transmit timing requirements can be reused for RedCap. 
Radio link monitoring and beam management
New RLM and BFD requirements are needed due to reduced complexity operation. For example, the RLM evaluation period, PDCCH transmission parameters for out-of-sync and in-sync are going to be different. Simulation assumptions are proposed in our companion paper to study the RLM and BFD performance.
Proposal 12: New RLM and BFD requirements are defined for RedCap based on the simulation study.
 
RRM measurements
The release 15 RRM measurement performance are likely to be degraded due to e.g. reduced number of receive antennas. Impact is expected on both delay performance as well as accuracy performance. We have presented simulation assumptions to study the measurement performance in our companion paper.
Proposal 13: New RRM measurement requirements are defined for RedCap based on the simulation study.

6 Conclusion
In the contribution, we discuss the UE complexity reduction for RedCap UE from RAN4’s view. We have the following proposals:
Observation 1: Only single carrier is supported by RedCap UE.
Observation 2: RedCap UE may also perform intra-frequency measurement within gap.

Proposal 1: When RAN4 defines the RRM requirement, it shall further consider the following factors for UE complexity reduction:
· Single RF path is expected
· Single searcher is expected
Proposal 2: CSSFoutside_gap,i = 1 for RedCap UE measurement outside gap.
Proposal 3:  RAN4 needs to revisit the design for CSSF within gap to guarantee PCell’s mobility.
Proposal 4: To simplify UE complexity, RedCap UE won’t support ‘NeedForGap’ and ‘NCSG’ measurement capabilities.
Proposal 5: RedCap UE won’t support ‘Inter-frequency without gap’ measurement capability.
Proposal 6: The maximum interruption time during paging reception shall be studied for RedCap UEs.
Proposal 7: New handover requirements are needed for RedCap UEs.
Proposal 8: RAN4 to define new requirements for RRC re-establishment procedure RedCap. 
Proposal 9: RAN4 to define new requirements for RRC Connection release with redirection procedure for RedCap.
Proposal 10: Whether new RA requirements are introduced for RedCap depends on RAN1 PRACH design. 
Proposal 11: RAN4 to discuss whether Rel-15 NR UE transmit timing requirements can be reused for RedCap. 
Proposal 12: New RLM and BFD requirements are defined for RedCap based on the simulation study.
Proposal 13: New RRM measurement requirements are defined for RedCap based on the simulation study.
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