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1. Introduction

The revised WID on support of reduced capability NR devices has been approved in [1]. Techniques for UE complexity reduction, coverage recovery and UE power saving for these use cases have been studied in the RedCap study item documented in TR 38.875. This is the first meeting for RAN4 RRM to discuss the WI. In this contribution, the preliminary analysis on RRM impact of RedCap is provided.
2. Overview on RRM impact 

2.1. UE complexity reduction
In Rel-17 Redcap WI one objective is UE complexity reduction.  The below UE complexity reduction techniques are included. 
-
UE bandwidth reduction

-
Reduced number of UE Rx branches

-
Half-duplex FDD operation
-  Maximum number of DL MIMO layers 
-  Relaxed maximum modulation order
In the following we provided the analysis on the RRM impact for each feature respectively.

· UE bandwidth reduction

In RAN1#104b-e, the maximum UE bandwidth reduction schemes and related issues caused were discussed for RedCap. The following working assumptions and agreements were made:
	Working assumption:
· During initial access, the bandwidth of the initial DL BWP for RedCap UEs is not expected to exceed the maximum RedCap UE bandwidth.
· The bandwidth and location of the initial DL BWP for RedCap UEs can be the same as the bandwidth and location of the MIB-configured initial DL BWP for non-RedCap UEs.
· This does not preclude a SIB-configured initial DL BWP for non-RedCap UEs only with a wider bandwidth than the maximum RedCap UE bandwidth.
· This does not preclude separate or additional bandwidth and location for initial DL BWP for RedCap UEs (FFS).
Working assum Working assumption:
· After initial access, at least for BWP#0 configuration option 1 (as in 38.331, Appendix B2), a RedCap UE is not expected to operate with an initial DL BWP wider than the maximum RedCap UE bandwidth.
· FFS: BWP#0 configuration option 2 (as in 38.331, Appendix B2)

Working assumption: A RedCap UE cannot be configured with a non-initial (DL or UL) BWP (i.e., a BWP with a non-zero index) wider than the maximum bandwidth of the RedCap UE.

· At least for FR1, FG 6-1 ("Basic BWP operation with restriction" as described in TR 38.822) is used as a starting point for the RedCap UE type capability.

Agreement:

· During initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.

· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.

· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.

Agreement:

· After initial access, for the scenario where the initial UL BWP for non-RedCap UEs is configured to be wider than the RedCap UE bandwidth, down select among the following options in RAN1#105-e:
· Option 1: The scenario is allowed, and a RedCap UE can use the same UL BWP.
· Option 2: The scenario is allowed, but a separate initial UL BWP no wider than the RedCap UE maximum bandwidth is configured/defined for RedCap UEs.
· Option 3: The scenario is not allowed, and a RedCap UE is not expected to operate in an initial UL BWP wider than the RedCap UE maximum bandwidth.



As agreed in the latest WID [1], Maximum bandwidth of an FR1 RedCap UE during and after initial access is 20 MHz, and maximum bandwidth of an FR2 RedCap UE during and after initial access is 100 MHz. For the purpose of improving RedCap UE data rate experience, network may need to schedule a piece of 20MHz resource for RedCap which has lower overhead with transmitting less always-on signals (e.g. SSB and system information in the downlink). In other words, network may allocate redcap UE to a 20MHz bandwidth which does not contain SSB. Therefore RedCap UE needs to retune RF to perform RRM measurement. Measurement gap or scheduling restriction may be needed.

Proposal 1: Mobility measurement schemes and requirements for redcap UE are supposed to be defined in RAN4 RRM.
As evaluated in TR 38.875, reduced maximum UE bandwidth may cause loss of frequency diversity gain. To achieve larger diversity gain, hopping or schedule in BW larger than 20MHz can be considered. Thus, RedCap UE may need to perform RF retuning to transmit/receive outside 20MHz to obtain larger diversity gain or frequency selective scheduling gain. There are multiple ways to enable RF retuning which are under discussion in RAN1, e.g., retuning within BWP, switching BWP etc. When the concrete scheme is decided by RAN1, RAN4 may need to discuss the delay and/or interruption requirements of redcap UE retuning, if RedCap UE performs RF retuning to transmit/receive outside 20MHz.
Proposal 2: RAN4 may need to specify the delay and/or interruption requirements of redcap UE RF retuning when RedCap UE performs RF retuning to transmit/receive outside 20MHz.

· Reduced number of UE Rx branches
One objective of the WI is reduced number of UE 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.


Recalling 4RX requirements in LTE, only test cases of RLM are specified in RRM. No other core and performance requirements are impacted. In R15 RAN4 the baseline of the measurement accuracy is 2Rx. Therefore the reduction from 4RX to 2RX doesn’t impact RRM requirements. Whether 2RX reduced to 1RX impact measurement accuracy needs further evaluation.
Moreover in general the measurement accuracy is band agnostic. However the reduced RX branches is reported in dedicated band by UE. If the measurement accuracy of 1 RX intends to be relaxed, the relaxed accuracy becomes band-specific which is different with the existing rule.
Proposal 3: Whether 2RX reduced to 1RX impacts on measurement accuracy needs further evaluation.

· Half-duplex FDD operation

In last meeting, there is an LS to RAN4 [2] to discuss the half-duplex FDD switching time for Redcap UE. As we know, the UE who is not capable of full-duplex communication and not supporting simultaneous transmission and receptions are already considered in NR R15 in TS 38.211. In RAN4 RRM requirements, besides some exception description, no requirements are specified for the non- simultaneous transmission and receptions. Therefore we think no RRM impact due to half-duplex FDD operation for Redcap UE.
Proposal 4: No RRM impact due to half-duplex FDD operation for Redcap UE.
· Maximum number of DL MIMO layers and Relaxed maximum modulation order

From RRM perspective, there are no RRM impact due to Maximum number of DL MIMO layers and Relaxed maximum modulation order. 

Proposal 5: No RRM impact due to reduced maximum number of DL MIMO layers and relaxed maximum modulation order for Redcap UE.

2.2. eDRX

In RAN2, there are some progress on eDRX for Redcap UE. The agreements are duplicated as below,
	· RAN decides and configures eDRX via RRC for RRC_INACTIVE (FFS on the need and details of coordination with the CN)

· At least for eDRX cycle, the configurations of the eDRX for RRC_IDLE and RRC_INACTIVE can be different (FFS for PTW, e.g. length and starting point, when eDRX cycles are longer than 10.24s)

· RAN2 assumes that CN provides necessary assistance information on eDRX config. for RRC_IDLE to RAN (e.g. reusing eDRX config. defined in “CN Assistance Information for RRC INACTIVE IE” for E-UTRA/5GC).

· eDRX feature, including the related parameters (i.e. PH, PTW. H-SFN) and corresponding paging operation defined for E-UTRA/5GC is used as baseline to enable eDRX >10.24sec for both RRC_IDLE and RRC_INACTIVE in NR/5GC

· RAN2 confirms that CN paging and RAN paging use the same paging frame offset and first PDCCH monitoring occasion in PO, which are configured by RAN without involvement of CN.

· The two parametners are used same as NR R15 

· RAN2 confirms that SI modification mechanism from LTE is used as a baseline for SI change (other than ETWS and CMAS), i.e. by using an eDRX acquisition period and a flag to indicate SI modification for eDRX in Short Message (e.g. systemInfoModification-eDRX)


In LTE, the measurement requirements when eDRX is configured in Idle mode are specified (see below). The cell reselection requirement are related with PTW and DRX cycles where the eDRX cycles are within range [5.12s, 2621.44s]. In R17 NR Redcap, the cell reselection requirements based on eDRX is supposed to be specified in idle mode and inactive mode as well.
Table 4.2.2.3-2: Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate,E-UTRAN_intra for UE configured with eDRX_IDLE cycle [TS 36.133]
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 1.28s periods)
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	5.12 ≤ eDRX_IDLE cycle length ≤ 2621.44
	0.32
	≥1.28 (1)
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	0.32 (1)
	0.64 (2)

	
	0.64
	≥1.28 (1)
	
	0.64 (1)
	1.28 (2)

	
	1.28
	≥2.56 (2)
	
	1.28 (1)
	2.56 (2)

	
	2.56
	≥5.12 (4)
	
	2.56 (1)
	5.12 (2)

	NOTE 1: The number of DRX cycles in this table is given for the DRX cycles within PTWs.

NOTE 2: The eDRX_IDLE cycle lengths are as specified in Section 10.5.5.32 of TS 24.008 [34].


Proposal 6: Cell reselection requirements based on eDRX is supposed to be specified in idle mode and inactive mode for Redcap UE.
2.3. RRM relaxation
· RRM relaxation in RRC_Idle and RRC_Inactive
Rel-16 NR RRM relaxation procedures are taken as a baseline to study further enhancements of neighbour cell RRM relaxation for RedCap UEs in RRC_IDLE and RRC_INACTIVE. RAN2
has some progress on the RRM measurement relaxation in idle/inactive mode,

	· Assuming there will be a stationary property based on subscription (which is FFS), we will not restrict to this and will continue to assume that a UE can use some RSRP/RSRQ based criteria (FFS whether reuse R16 thresholds or new ones. FFS also on the use of a beam based criteria)

· At least for RRC idle/inactive, a measurement-based R17 stationarity criterion can be configured separately from R16 low-mobility criterion for R17 UEs supporting the feature. FFS how the configuration is provided. FFS whether this stationarity criterion is based on:

· the same algorithm used in R16 low-mobility criterion but with its own specific set of thresholds; and/or

· a combination of R16 low-mobility criterion and/or beam-change based criterion. Exact details of beam change criterion are FFS. 

· Network can configure R17 stationarity criterion/criteria together with a not-at-cell-edge criterion, to trigger RRM relaxations in RRC Idle/Inactive for R17 UEs supporting the feature. FFS whether the R16 not-at-cell-edge thresholds can be reused or separate R17 not-at-cell-edge thresholds are needed. 

· Vice-Chair observes that there is a general understanding that, if RAN4 will decide not to specify a different R17 relaxation mechanism based on the combined criterion (R17 stationarity criterion/criteria together with a not-at-cell-edge criterion), depending on whether not-at-cell-edge criterion is met or not, RAN2 will have to reconsider this agreement.


It is observed that for low mobility, RAN2 is discussing the exact schemes. The measurement relaxation requirements shall be discussed in RRM. For combined low mobility and not-at-cell-edge, RAN2 is discussing the details and the feedback from RAN4 is expected as well. 
Proposal 7: The relaxation measurement requirements in Idle/Inactive need to be studied in RAN4 RRM.
· RRM relaxation in connected mode
RAN2 is discussing whether the RRM relaxation is needed in connected mode. RAN4 can wait for the conclusion from RAN2.
Proposal 8: Whether RRM relaxation requirements in connected mode are needed can wait for RAN2 conclusion.
2.4. Others

For Redcap UE, in some use cases UL coverage and UL throughput are bottleneck. We believe SUL is one of the typical scenarios Redcap UE needs to be supported. 
In the current WI scope [1], SUL is not precluded. In fact, SUL was ever discussed during the WI scope discussion in RAN plenary. One intermediate version [3] of the WID intended to exclude SUL scenario. However after more discussion, this sentence was removed from the final version. It explicitly means that the common understanding is SUL scenario shall NOT be precluded from Redcap WI scope. 
	· Specify definition of RedCap UE type(s) including set(s) of L1 capabilities for RedCap UE identification and for constraining the use of those RedCap L1 capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity, SUL and wider bandwidths.


Consequently the SUL related requirements shall be discussed for Redcap UE. 
Proposal 9: SUL related requirements shall be discussed for Redcap UE.
3. Conclusions

This contribution provides the analysis on support of reduced capability NR devices impact on RRM requirements. According to the analysis, we propose the following proposals.

Proposal 1: Mobility measurement schemes and requirements for redcap UE are supposed to be defined in RAN4 RRM.
Proposal 2: RAN4 may need to specify the delay and/or interruption requirements of redcap UE RF retuning when RedCap UE performs RF retuning to transmit/receive outside 20MHz.

Proposal 3: Whether 2RX reduced to 1RX impacts on measurement accuracy needs further evaluation.

Proposal 4: No RRM impact due to half-duplex FDD operation for Redcap UE.

Proposal 5: No RRM impact due to reduced maximum number of DL MIMO layers and relaxed maximum modulation order for Redcap UE.
Proposal 6: Cell reselection requirements based on eDRX is supposed to be specified in idle mode and inactive mode for Redcap UE.
Proposal 7: The relaxation measurement requirements in Idle/Inactive need to be studied in RAN4 RRM.
Proposal 8: Whether RRM relaxation requirements in connected mode are needed can wait for RAN2 conclusion.

Proposal 9: SUL related requirements shall be discussed for Redcap UE.
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