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1. Introduction
At RAN 92 meeting the revised WI “Support of reduced capability NR devices” [1] was approved. The RAN4 related objectives are copied below:
· Specify support for the following UE complexity reduction features [RAN1, RAN2, RAN4]:

· Reduced maximum UE bandwidth:
· Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz. 
· Maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz.
· Reduced minimum number of Rx branches:
· For frequency bands where a legacy NR UE is required to be equipped with a minimum of 2 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· For frequency bands where a legacy NR UE (other than 2-Rx vehicular UE) is required to be equipped with a minimum of 4 Rx antenna ports, the minimum number of Rx branches supported by specification for a RedCap UE is 1. The specification also supports 2 Rx branches for a RedCap UE in these bands.
· A means shall be specified by which the gNB can know the number of Rx branches of the UE.
· Maximum number of DL MIMO layers:
· For a RedCap UE with 1 Rx branch, 1 DL MIMO layer is supported.
· For a RedCap UE with 2 Rx branches, 2 DL MIMO layers are supported.
· Relaxed maximum modulation order:
· Support of 256QAM in DL is optional (instead of mandatory) for an FR1 RedCap UE.
· No other relaxations of maximum modulation order are specified for a RedCap UE.
· Duplex operation:
· HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.)
· Specify support for the following Extended DRX enhancements for RedCap UEs [RAN2, RAN3, RAN4]:

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10.24 s, without using PTW and PH, and with common design (e.g. common set of eDRX values) between RRC Inactive and Idle

· Extended DRX for RRC Inactive and Idle with eDRX cycles up to 10485.76 s; the details of mechanisms and feasibility regarding maximum length of the extended DRX cycles for RRC Inactive and Idle need to be checked by SA2, CT1 and/or RAN4.

· RAN2 to decide which Node(s) configure eDRX in RRC_Idle and RRC_Inactive.
· Specify support for the following RRM measurement relaxations for neighbouring cells for RedCap devices: for RRC_Idle/Inactive/Connected [RAN2, RAN4]:

· Specify measurement (RSRP/RSRQ) based stationarity criterion and not-at-cell-edge criterion [RAN2]

· Enabling/disabling of RRM measurement relaxation should be under the network’s control. Specify both broadcast and dedicated signalling for enabling/disabling of RRM measurement relaxation.

· Specify UE requirements for RRM measurement relaxation [RAN4]

· No RRM measurement relaxations are specified for the serving cell. 

· Specify RAN4 core requirements for the above. 

The RRM impacts of the Redcap WI was initially discussed at RAN4 99e meeting. Due to the time limitation a few items are FFS. In this contribution we provide our further analysis on RRM impacts from Redcap, especially on items with FFS.
2. Discussion
The objective of Pre-configured MG pattern(s) (fast MG configuration) study is copied below [1]: 
2.1 Idle/inactive state mobility
For the idle/inactivate state mobility, the following conclusions are made based on [2]. 
	4. IDLE state mobility
	4.2.2.1 UE measurement capability
	YES

	
	4.2.2.2 Measurement and evaluation of serving cell
	YES

	
	4.2.2.3 Measurements of intra-frequency NR cells


	YES

	
	4.2.2.4 Measurements of inter-frequency NR cells
	YES if inter-frequency measurements are supported

	
	4.2.2.5 Measurements of inter-RAT E-UTRAN cells
	Yes if inter-RAT measurements are supported

	
	4.2.2.6 Maximum interruption in paging reception
	FFS


For the UE measurement capability, currently the following requirements are defined at 4.2.2.1 of [3]

-
Depending on UE capability, 7 NR inter-frequency carriers, and

-
Depending on UE capability, 7 FDD E-UTRA inter-RAT carriers, and

-
Depending on UE capability, 7 TDD E-UTRA inter-RAT carriers.

It was identified that this part will be impacted for the Redcap WI, to our understanding, it is not necessary for a  Redcap terminal to keep the same monitoring capabilities as a NR UE, especially when NR CA and MR-DC measurement purpose are not needed be considered. The inter-frequency carrier to be monitored could be 3. Similar rule could be applied for LTE FDD/TDD if necessary. 

Proposal 1: The inter-frequency carriers for a Redcap terminal to be capable of monitoring is at least 3. Similar rule could be applied for LTE FDD/TDD if necessary.
Regarding inter-frequency measurement, we do not see any special reason where it cannot be supported at Rel-17 time frame. We suggest to consider inter-frequency measurements (idle/inactivate/connected state) as the same priority as that of intra-frequency measurement (idle/inactivate/connected state). 

Proposal 2: consider inter-frequency measurements (idle/inactivate/connected state) as the same priority as that of intra-frequency measurement (idle/inactivate/connected state).
Regarding maximum interruption in paging reception, the current specification is: The interruption time shall not exceed TSI-NR + 2*Ttarget_cell_SMTC_period ms. Apparently Ttarget_cell_SMTC_period will not be impacted by Redcap and the value of TSI-NR is 1280ms. With this value, we think there is sufficient margin for the time of the system information reading hence any modification on this value is not required. 
Proposal 3: There is no impact on the requirement for maximum interruption in paging reception.

2.2 CONNECTED state mobility

	6. CONNECTED state mobility
	6.1 Handover
	FFS

	 
	6.2.1 RRC re-establishment
	FFS

	 
	6.2.2 Random Access
	FFS

	 
	6.2.3 RRC Connection Release with Redirection
	FFS


For the handover requirements, using FR1 – FR1 handover as an example, the requirement is defined as:

Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms where Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE
The RRC Re-establishment require is defined as [image: image1.png]Tre—establish delay = LUE re—establish_delay + TUL grant
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For SA RRC Connection Release with Redirection requirement, using RRC connection release with redirection to NR as an example, the corresponding requirements is: Tconnection_release_redirect_NR = TRRC_procedure_delay + Tidentify-NR + TSI-NR + TRACH
We can see requirements of all these three items consist of the time for target cell search or cell identification time, which will be impacted when the number of Rx branches is reduced. We suggest to change FFS to Yes for these 3 items.
Proposal 4: The requirements of Handover, RRC re-establishment, RRC Connection Release with Redirection for Redcap will be impacted.
2.3 Signalling characteristics
	8. Signalling characteristics
	8.1 Radio Link Monitoring
	FFS

	
	8.2 Interruption
	FFS


For the RLM, the possible impact could be the following areas:

1. the maximum number of RLM-RS resources could be supported 
2. the PDCCH parameters for out-of-sync and in-sync evaluation

3. the evaluation period for out-of-sync and in-sync; even the PDCCH parameters are not changed, the evaluation period is likely to be different due to the reduction of Rx branches.  

For the interruption requirements, the interruption requirements defined in 8.2 apply for scenarios when particular UE behaviour of one carrier causes interruptions on the other carrier. Since in [1] it mentions that it should prevent RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths, hence the interruption requirements in this section is not applicable for Redcap. 
Proposal 5: For the RLM, the maximum number of RLM-RS resources, the PDCCH parameters for out-of-sync and in-sync evaluation and the evaluation period could be impacted. The interruption requirements defined at 8.2 are not applicable (no impact) for Redcap. 

2.4 Duplex operation

One objective of Redcap WI is to support HD-FDD type A with the minimum specification impact (Note that FD-FDD and TDD are also supported.). We identify the following areas which maybe impacted by the introduction of HD-FDD.  
For Type A HD-FDD, a high proportion of the cost saving could be obtained since the duplexer can be replaced with a switch and a lowpass filter. Due to the lack of a duplexer, less insertion loss can be obtained and this will impact the reference sensitivity requirements. The detailed reference sensitivity value will be discussed at RF session. For the RRM part, since the reference sensitivity is only referred by various sections of the specs, there will not be directly impact from a different reference sensitivity for Redcap, if there is one. 

Observation 1: For HD-FDD RedCap devices, due to the lack of a duplexer, less insertion loss can be obtained and this will impact the reference sensitivity requirements. For the RRM part, since the reference sensitivity is only referred by various sections of the specs, there will not be directly impact from a different reference sensitivity for Redcap, if there is one. 
In addition, due to the introduction of HD-FDD, relaxed switching times between Tx and Rx operation is being discussed at RF session. If relaxation is agreed and confirmed by RF session, RRM may need check UE Tx timing requirements. However currently we do not see any impact on the UE Tx timing requirements.
Observation 2: For HD-FDD, there is no impact on UE Tx timing requirements unless relaxed switching times between Tx and Rx operation is agreed by RF session. 

2.5 Other aspects

	12. V2X Requirements
	V2X Requirements
	FFS


At [2] impacts on V2X requirement is FFS. We think for the Rel-17 time frame, finishing the fundamental requirements for Redcap should have the highest priority and it is not necessary to discuss V2X requirements for Redcap at Rel-17 time frame.   
Proposal 6: Do not discuss V2X requirements for Redcap at Rel-17 time frame.
3. Conclusion
In this contribution, we provide our further considerations for the Pre-configured MG pattern(s) (fast MG configuration) item and have the following observations and proposals:
Observation 1: For HD-FDD RedCap devices, due to the lack of a duplexer, less insertion loss can be obtained and this will impact the reference sensitivity requirements. For the RRM part, since the reference sensitivity is only referred by various sections of the specs, there will not be directly impact from a different reference sensitivity for Redcap, if there is one. 
Observation 2: For HD-FDD, there is no impact on UE Tx timing requirements unless relaxed switching times between Tx and Rx operation is agreed by RF session. 

Proposal 1: The inter-frequency carriers for a Redcap terminal to be capable of monitoring is at least 3. Similar rule could be applied for LTE FDD/TDD if necessary.

Proposal 2: consider inter-frequency measurements (idle/inactivate/connected state) as the same priority as that of intra-frequency measurement (idle/inactivate/connected state).

Proposal 3: There is no impact on the requirement for maximum interruption in paging reception.

Proposal 4: The requirements of Handover, RRC re-establishment, RRC Connection Release with Redirection for Redcap will be impacted.
Proposal 5: For the RLM, the maximum number of RLM-RS resources, the PDCCH parameters for out-of-sync and in-sync evaluation and the evaluation period could be impacted. The interruption requirements defined at 8.2 are not applicable (no impact) for Redcap. 

Proposal 6: Do not discuss V2X requirements for Redcap at Rel-17 time frame.
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