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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 agreements regarding eDRX from RAN2 114e are copied below:  
Agreements via email - from offline 110:

1. Lower bound for eDRX configuration in RRC_IDLE and RRC_INACTIVE is 2.56 seconds. Inform SA2/CT1 and check if there is any concern.

2. It is up to RAN to configure the length for PTW for RAN paging, the RAN PTW length can be different from the CN PTW length.

3. When RAN and CN paging coincide in the same PH, the PTW starting locations are the same. FFS how to calculate the PTW starting location so that it is the same for RAN and CN PTW.

At RAN2 115e meeting, a LS [2] regarding eDRX was sent to RAN4, the agreement and working assumptions in [2] are copied below:

Agreements:

· eDRX feature is optional for any UE (including RedCap and non-RedCap UEs).

· RAN2 considers the configuration as an invalid case, where INACTIVE eDRX cycle is configured but IDLE eDRX cycle is not configured. FFS whether to capture this restriction in RAN2 spec.

· RAN2 considers the configuration as invalid case, where INACTIVE eDRX cycle is longer than IDLE eDRX cycle. FFS whether to capture this restriction in RAN2 spec.

· The maximum PTW length is 40.96s when IDLE eDRX cycle is longer than 10.24s.

· The minimum PTW length is 1.28s and the step length/granularity of PTW length is 1.28 when IDLE eDRX cycle is longer than 10.24s.
· When IDLE eDRX cycle is longer than 10.24s, PH calculation formula defined in LTE is re-used, i.e. 



PH_CN:  H-SFN mod TeDRX,_CN,H= (UE_ID_H mod TeDRX_CN,H)




-  where TeDRX_CN,H is equal to IDLE eDRX cycle.

· When IDLE eDRX cycle is longer than 10.24s, CN PTW_end calculation formula defined in LTE is re-used, i.e. 



PTW_end is radio frame satisfying SFN = (PTW_start + L*100 - 1) mod 1024, 




- where L is PTW length configured by upper layers.

Working assumption:
· When IDLE eDRX cycle is longer than 10.24s, CN PTW_start calculation formula defined in LTE is re-used as the baseline, as below. FFS whether CN PTW_start position could be configurable by network. Note: this formula would be revisited if INACTIVE eDRX cycle can be above 10.24s

	PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:

SFN = 1024/N* ieDRX, where

· ieDRX = floor(UE_ID_H /TeDRX,H) mod N
· FFS N = 4 or 8, FFS if N can take other values


At RAN4 100e meeting the eDRX for Redcap UE was discussed and the following agreements were achieved [3]:
Scopes where RRM requirement with eDRX in IDLE/INACTIVE mode are defined

·  Only consider defining the RRM requirement with eDRX in IDLE/INACTIVE mode only.
Whether  prioritizing the eDRX requirements for FR1 and de-prioritizing the eDRX requirements for FR2.
·  Define eDRX requirements for FR1
·  FFS whether to define eDRX requirements for FR2
Whether classify eDRX into different groups based on eDRX length when defining requirements

·  option 1 (classify eDRX into different groups based on eDRX length when defining requirements)

In this contribution we provide our further considerations on several aspects of eDRX for Redcap.
2. Discussion
1. eDRX range

During the previous RAN4 100e meeting discussion, one issue unclear is the range of eDRX. For example for the issue which eDRX category will consider PTW and which categories are not, the following options are available [3]
Issue 1-2-3: If the answer of issue 1-2-1 is Yes, which category considers PTW and which category does not PTW 

· Option 1: 1: Without PTW (eDRX length is up-to 10.24s)  2: With PTW (eDRX > 10.24s);  (QC, xiaomi, OPPO, MTK, Huawei)

· Option 2: 1: Without PTW (eDRX length is up-to 10.24s); 2: With PTW (10.24s<eDRX_cycle_length≤T1);  3: FFS T1<eDRX_cycle_length≤T2;Values of T1 and T2 are FFS (Ericsson, Apple, vivo)

In option 2, T1 and T2 are for FFS. Unfortunately the value of T1 and T2 are not indicated in [2] as well. From [4], 10485.76s is clearly indicated and this value can at least be used as the working assumption for future study. For the value of T2, 2621.44s is the max eDRX cycle length for cat-M1 and other categories in LTE where the reason to consider T2 is to determine whether the corresponding principles in LTE can be directly reused for Redcap WI or not. It is suggested that 2621.44 is used as T2. Whether same or different principles are used for the range between 10.24s < eDRX length<= T2 and T2 < eDRX length <= T3 are FFS.
Proposal 1: Suggest the value of T3 is 10485.76s and the value of T2 is 2621.44s  
2. Requirements for FR2
Based on the agreement whether to define eDRX requirements for FR2 is FFS. The fundamental issue is in LTE, the design principle is all measurements are performed within a PTW window for eDRX cycles whose length is larger than a threshold. For FR2, due to the introduction of N1 for beam sweeping, the issue is a PTW length which is sufficient for FR1 measurement may not long enough for FR2 considering N1. Hence if the same design principle, where all measurements are within a PTW, is reused, there could be two PTW length for the same DRX cycle length for FR1 and FR2, respectively. Alternatively if identical PTW length is used for FR1 and FR2 for one particular DRX cycle length, then the number of PTW could be different for FR1 and FR2, i.e., the number of PTW for FR2 may be increased. No matter which way is used the requirements for FR1 and FR2 could be significantly different and it is hard to cover them into one table like what has been done at Rel-15/16. Hence we suggest to specify requirement for FR1 firstly at Rel-17 at least when eDRX > 10.24s. 
Proposal 2: At Rel-17, specify corresponding requirements for eDRX for idle/inactive state for FR1 firstly at Rel-17. Considering corresponding FR2 requirements of eDRX at Rel-17 if time is allowed.
3. Range of eDRX length for inactive state

The eDRX length for the RRC_IDLE and RRC_ INACTIVE state can be different, as indicated in the RAN2 LS [2]. As analysed in previous session the eDRX length for RRC_IDLE could be up to 10485.76s. At previous meeting the eDRX length for the RRC_INACTIVE state is still not known, however based on the nature of RRC_INACTIVE state where a UE will go back to CONNECTED state if triggered by related system information whose maximum window length is less than 10s, extending eDRX length beyond 10.24s makes little sense for  RRC_INACTIVE state. Hence we suggest for RRC_INACTIVE state eDRX for Redcap UE, only consider eDRX length up to 10.24s. If there is no consensus on it, a LS to RAN2 or other groups such as SA2 should be prepared in order to get the confirmation regarding eDRX length for RRC_INACTIVE state.
Proposal 3: Confirm that eDRX length for RRC_INACTIVE state is up to 10.24s. If no consensus a LS could be sent to RAN2 to get eDRX length configuration for RRC_INACTIVE state.  
4. Performance requirements for FR1
· Idle state requirements
At LTE, the introduction of eDRX impacts serving cell measurement/evaluation and cell reselection performance requirements at idle state at the following scenarios:

· Serving cell measurement/evaluation

· Measurement of intra-frequency E-UTRAN cells

· Measurement of inter-frequency E-UTRAN cells

· Measurement of inter-RAT cells (only consider LTE based on previous agreement)
For NR, the impact on performance requirements due to the introduction of eDRX apply to these sections as well. For eDRX cycle length is less than or equal to 10.24s, the performance requirements of Redcap UE for FR1 at idle state could be based on the eDRX cycle length. For the eDRX cycle length 2.56, 5.12s and 10.24s, performance requirements of DRX cycle 2.56s can be used as their performance requirements.
The concrete performance requirements are listed below:

Table 1: Nserv for UE with eDRX_IDLE cycle without PTW FR1

	eDRX cycle length [s]
	Nserv [number of eDRX cycles]

	2.56
	2

	5.12
	[2]

	10.24
	[2]


Table 2: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE with eDRX_IDLE cycle without PTW FR1
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	2.56
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	5.12
	[117.76]x N1 (23 x N1)
	5.12x N1 (1 x N1)
	[15.36]x N1 (3 x N1)

	10.24
	[235.52]x N1 (23 x N1)
	10.24x N1 (1 x N1)
	[30.72]x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.



Table 3: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter for UE with eDRX_IDLE cycle without PTW FR1
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	2.56
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	5.12
	[117.76]x N1 (23 x N1)
	5.12x N1 (1 x N1)
	[15.36]x N1 (3 x N1)

	10.24
	[235.52]x N1 (23 x N1)
	10.24x N1 (1 x N1)
	[30.72]x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.



Table 4: Tdetect,EUTRAN, Tmeasure,EUTRAN, and Tevaluate,EUTRAN for UE with eDRX_IDLE cycle without PTW FR1
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	2.56
	58.88  (23)
	2.56 (1)
	7.68 (3)

	5.12
	[117.76] (23)
	5.12 (1)
	[15.36] (3)

	10.24
	[235.52] (23)
	10.24 (1)
	[30.72] (3)


Proposal 4: For eDRX cycle length is less than or equal to 10.24s, the performance requirements of Redcap UE for FR1 at idle state could be based on the eDRX cycle length. For the eDRX cycle length 2.56, 5.12s and 10.24s, performance requirements of corresponding requirements when DRX cycle is 2.56s can be used as their performance requirements.

Proposal 5: Suggest to use requirements in table 1, 2, 3 and 4 for Idle state FR1 Redcap UE with eDRX_IDLE cycle without PTW 
For the eDRX cycle with PTW configuration, the observation from the requirements of LTE is: when eDRX_IDLE cycle and PTW are configured, the design principle is that all measurements are performed within the PTW window of one eDRX cycle. The related performance requirements for NR can still be based on this principle.
Proposal 6: When eDRX with PTW window is configured, the principle where all measurements are performed within the PTW window of an eDRX cycle used in LTE, can still be reused for NR.
· Inactive state requirements
For the performance requirements for RRC_INACTIVE state, as already agreed at RAN2, the parameters of PH, PTW and H-SFN are not applied for the eDRX≤ 10.24s. Hence if proposal 3 is agreeable, only the eDRX length which is less than 10.24s will be considered for RRC_INACTIVE state. 
The corresponding requirements for eDRX for RRC_INACTIVE state could simply be based on eDRX cycle length and the detailed requirements are listed below. 
Table 5: Nserv for UE with eDRX_IDLE cycle without PTW FR1

	eDRX cycle length [s]
	Nserv [number of eDRX cycles]

	2.56
	2

	5.12
	[2]

	10.24
	[2]


Table 6: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra for UE with eDRX_IDLE cycle without PTW FR1
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	2.56
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	5.12
	[117.76]x N1 (23 x N1)
	5.12x N1 (1 x N1)
	[15.36]x N1 (3 x N1)

	10.24
	[235.52]x N1 (23 x N1)
	10.24x N1 (1 x N1)
	[30.72]x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.



Table 7: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter for UE with eDRX_IDLE cycle without PTW FR1
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	2.56
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	5.12
	[117.76]x N1 (23 x N1)
	5.12x N1 (1 x N1)
	[15.36]x N1 (3 x N1)

	10.24
	[235.52]x N1 (23 x N1)
	10.24x N1 (1 x N1)
	[30.72]x N1 (3 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.



Table 8: Tdetect,EUTRAN, Tmeasure,EUTRAN, and Tevaluate,EUTRAN for UE with eDRX_IDLE cycle without PTW FR1
	DRX cycle length [s]
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	
	
	

	2.56
	58.88  (23)
	2.56 (1)
	7.68 (3)

	5.12
	[117.76] (23)
	5.12 (1)
	[15.36] (3)

	10.24
	[235.52] (23)
	10.24 (1)
	[30.72] (3)


Proposal 7: Suggest to use requirements in table 5, 6, 7 and 8 for Inactive state FR1 Redcap UE with eDRX_IDLE cycle without PTW 

3. Conclusion
In this contribution, we provide our further considerations for Redcap eDRX and have the following proposals:
Proposal 1: Suggest the value of T3 is 10485.76s and the value of T2 is 2621.44s  
Proposal 2: At Rel-17, specify corresponding requirements for eDRX for idle/inactive state for FR1 firstly at Rel-17. Considering corresponding FR2 requirements of eDRX at Rel-17 if time is allowed.
Proposal 3: Confirm that eDRX length for RRC_INACTIVE state is up to 10.24s. If no consensus a LS could be sent to RAN2 to get eDRX length configuration for RRC_INACTIVE state.  
Proposal 4: For eDRX cycle length is less than or equal to 10.24s, the performance requirements of Redcap UE for FR1 at idle state could be based on the eDRX cycle length. For the eDRX cycle length 2.56, 5.12s and 10.24s, performance requirements of corresponding requirements when DRX cycle is 2.56s can be used as their performance requirements.

Proposal 5: Suggest to use requirements in table 1, 2, 3 and 4 for Idle state FR1 Redcap UE with eDRX_IDLE cycle without PTW 

Proposal 6: When eDRX with PTW window is configured, the principle where all measurements are performed within the PTW window of an eDRX cycle used in LTE, can still be reused for NR.
Proposal 7: Suggest to use requirements in table 5, 6, 7 and 8 for Inactive state FR1 Redcap UE with eDRX_IDLE cycle without PTW 
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