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Introduction
Rel-17 RedCap SI [1] includes the following RAN2-led objectives:
Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
This paper discusses power saving enhancements for achieving the above objectives.
Discussion
Extended DRX
In the RedCap SID, three usage scenarios have been identified: wearables, industrial sensors, video surveillance. Unlike traditional phone based communications, some applications on these devices can tolerate longer paging latency. Therefore, from power saving perspectives, it is useful to support longer I-DRX cycles. In fact, I-DRX cycles up to 10.24 sec are already supported NR core network. So we should support longer I-DRX cycle at least up to 10.24 sec for RedCap UEs.
Observation 1. 	I-DRX cycles up to 10.24 sec are already supported by NR core network.
On the other hand, our understanding of the three RedCap usage scenarios specified in the SID is that there is no strong use cases that would require I-DRX going beyond 10.24 sec. In addition, I-DRX cycles longer than 10.24 sec will require support of hyper SFN, which means extra spec work and implementation efforts. 
Observation 2. 	There are no strong use cases that would require RedCap UEs to support I-DRX cycles longer than 10.24 sec.
Given the weak motivation, we therefore do not think they should be considered in Rel-17.
Proposal 1. 	Support I-DRX cycles only up to 10.24 sec in Rel-17.
In LTE eDRX, for I-DRX cycles longer than 5.12 sec, network can configure a paging time window (PTW) for UE. UE monitors paging only within its configured PTW, which typically is much shorter its I-DRX cycle. If Proposal 1 is agreed, that means UE needs to support PTW for only one value of I-DRX cycle (i.e. 10.24 sec). At length of 10.24 sec, it is not clear to us whether PTW is critical to have, because PTW originally was intended for IoT applications with much longer I-DRX cycles (e.g. tens of minutes). 
Proposal 2. 	Discuss whether to support paging time window in Rel-17.  
The SID also requires that the coexistence between RedCap UE and Rel-15/16 UEs need to be ensured. Most of Rel-15/16 UEs are expected to be smartphone based UEs, which typically have shorter paging latency requirements than RedCap UEs. Therefore, to support both RedCap and legacy UEs by the same network, we need to study how to support UE-specific I-DRX.  
Observation 3. Coexistence between legacy UEs and R17 RedCap UEs require UE-specific I-DRX cycle. 
UE-specific I-DRX cycles can be supported by coordinated signaling between UE, core network and RAN. For example, the following can be a potential solution:
· When UE enters a new registration area, it negotiates its preferred I-DRX cycle with core network (e.g. AMF). 
· Whether to support UE-specific I-DRX or accept UE’s preferred I-DRX cycle can be decided by core network. We think core network is capable of knowing UE’s type and its performance requirements and hence can take those factors into its decision during the negotiation. If core network accepts UE’s request, it can send back its confirmation (e.g. the I-DRX cycle that it can accept) in Registration Accept message back to UE.
· On the RAN side, gNB advertises whether it supports UE-specific I-DRX cycle or the maximum UE-specific I-DRX cycle that it supports (note: this maximum cycle can be different from gNB’s RAN paging cycle). This allows UE to determine whether it should use an UE-specific I-DRX cycle different from the RAN paging cycle advertised in this cell’s System Information. For example, UE’s actual paging cycle can be the minimum between its negotiated UE-specific I-DRX cycle and the maximum UE-specific I-DRX cycle advertised by gNB (if signalled).  
· When AMF sends paging notification message to gNB, it also includes UE’s UE-specific I-DRX cycle. gNB then determines UE’s the actual paging cycle based on its rule (e.g. take the minimum between UE’s I-DRX cycle provided by AMF and the maximum UE-specific I-DRX cycle that it allows).
[bookmark: _GoBack]We can see that the above steps can be implemented with only small changes on top of the existing procedures and hence can be considered.   
Proposal 3. 	Study procedures that enable UE-specific I-DRX cycles. 
RRM relaxation for stationary UEs
Rel-16 Power Saving WI introduced RRM relaxation for UEs with low mobility or not at cell edge in RRC Idle/Inactive mode. When relaxation criteria are met, UE is allowed to relax or stop its RRM measurements. 
Stationary UE is just a special case of UEs with low mobility. Therefore, we think RRM relaxation enhancements for stationary UEs can be based on Rel-16 RRM relaxation framework, e.g. with more relaxed SSearchDeltaP and SSearchDeltaP.       
Proposal 4. 	Stationary UEs in RRC Idle/Inactive can reuse the Rel-16 RRM relaxation for low-mobility UEs with further relaxed criteria.
In addition, we think RRM relaxation in RRC Connected can also be considered for stationary UEs. This is because stationary UEs does not need to support mobility. When they are located near cell center, they do not need to perform cell reselection either. Therefore, as long as they have strong radio links, they should be allowed to relax or even stop their RRM measurements. 
Proposal 5. 	Study the feasibility of RRM relaxation for stationary UEs in RRC Connected. 
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1. 	I-DRX cycles up to 10.24 sec are already supported by NR core network.
Observation 2. 	There are no strong use cases that would require RedCap UEs to support I-DRX cycles longer than 10.24 sec.
Proposal 1. 	Support I-DRX cycles only up to 10.24 sec in Rel-17.
Proposal 2. 	Discuss whether to support paging time window in Rel-17.  
Observation 3. 	Coexistence between legacy UEs and RedCap UEs require UE-specific I-DRX cycles. 
Proposal 3. 	Study procedures that enable UE-specific I-DRX cycles. 
Proposal 4. 	Stationary UEs in RRC Idle/Inactive can reuse the Rel-16 RRM relaxation for low-mobility UEs with further relaxed criteria.
Proposal 5. 	Study the feasibility of RRM relaxation for stationary UEs in RRC Connected. 
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