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Introduction
[bookmark: _Ref421460494]During RAN1 #91 meeting, the following agreements were made [1] regarding the configuration and procedures for power saving signals for the improvement of power efficiency and latency reduction in feNB-IoT:
Agreement:
· The [maximum] duration of WUS is configured per NB-IoT carrier 
· FFS: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· Alt 1: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS.
· There is a non-zero gap from the end of configured [maximum] WUS duration to the associated PO
· FFS: exact value of non-zero-gap
· FFS if it is fixed in spec or configurable explicitly, or known implicitly from other configured parameters
Agreement:
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
Agreement:
· The [maximum] duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. FFS if the list:
· depends on Rmax and if so the number of lists specified
· is a single list for all Rmax
Note: the Rmax refers to the one configured for paging
· The non-zero gap from the end of the configured [maximum] WUS duration to the associated PO is configurable
· FFS the minimum duration
· FFS the configuration is explicit or implicitly derived
[bookmark: _GoBack]In this contribution, we discuss the pros and cons of one WUS for 1 PO vs. 1 WUS for multiple POs in terms of the overhead posed by these options. Additionally, we discuss the pros and cons of limiting the WUS duration to a value from a list that may be dependent on Rmax. This contribution is based on revisions to our previous contribution [2].

Discussion
Association between a WUS and a PO: 
In the last meeting, there was some discussion regarding one WUS being associated to multiple POs due to the overhead concern in NB-IoT systems. This would mean that the UEs monitoring a given WUS might be mapped to more than 1 PO. Given that the purpose of the WUS is to reduce UE wakeups to monitor the NPDCCH for Paging messages, mapping multiple POs has the obvious drawback of creating potentially more wakeups than is desirable and thus limiting the power savings achievable due to the WUS. In theory, if very few UEs in the system have the WUS capability and all these UEs are spread over distinctly separate POs, e.g. if there were 100 UEs enabled with the WUS capability in the cell, and all the 100 UEs had UE_IDs such that none of them mapped to the same Paging Frame and PO, then we would have to have potentially 100 WUS occasions for such UEs. As this seems to be a RAN2 issue, this can be resolved by asking RAN2 regarding the expected resource allocation overhead for WUS. 

Proposal 1: 
· Propose that RAN1 send an LS to RAN2 regarding the resource allocation overhead of associating a single WUS to a single PO and the maximum number of WUS occasions that can be enabled for a given NB-IoT carrier.

Limiting the WUS duration value depending on the Rmax: 
Due to the overhead concern in NB-IoT systems, one of the ways of limiting resource overhead due to WUS is to transmit the WUS at fewer repetitions than the required number of repetitions for coverage level corresponding to maximum Rmax value of the cell. However, this cannot be done on a dynamic basis in the sense the eNB cannot configure a duration of the WUS in the system information broadcast messages and then transmit the actual WUS at a different duration requiring UE to blindly determine the actual WUS transmission duration. This may significantly degrade the WUS detection performance and result in adverse impact on UE power consumption as elaborated below.  
Since the eNB does not know the coverage levels of the UEs in Idle mode, then it cannot dynamically come up with the transmitted duration of the WUS, even if it were to be provided the coverage level of the UEs being paged by the MME. This is because the WUS if present will be read by all the UEs monitoring the WUS occasion, not just those UEs who are actually being paged unless it is acceptable for the WUS to be DTX to such UEs. The easier way out would be for the eNB to advertise in the system information what is the maximum duration of the WUS and also to ensure that the UEs are informed of the maximum WUS duration required to decode the WUS based on their reference signal measurements. Then the WUS could be configured to a WUS duration depending on the resource usage and load in the system and is up to the network to decide. However, the main point is to ensure that the WUS transmitted duration and configured duration are consistent so that the UE does not spend unnecessary energy trying to receive the WUS when it cannot. 
If the WUS actual transmission duration is less than the configured maximum duration, then this may adversely impact a UE which is in deep coverage area and makes the assumption that the maximum configured WUS duration is enough for it to correctly detect WUS (e.g., based on RSRP measurement). Thus, the UE will spend the entire configured WUS maximum duration trying to detect WUS, but will end up with errors if the actual transmitted duration is less than the configured maximum duration. This will both affect UE’s paging reliability as well as adversely affect its power consumption (may have to fall back to reading an NPDCCH).

Proposal 2:
· The WUS transmitted duration and the configured duration for the cell should be consistent with each other.

Conclusions
In this contribution, we discuss the configurations of WUS for feNB-IoT and have the following proposals:
Proposal 1: 
· Propose that RAN1 send an LS to RAN2 regarding the resource allocation overhead of associating a single WUS to a single PO and the maximum number of WUS occasions that can be enabled for a given NB-IoT carrier.
Proposal 2:
· The WUS transmitted duration and the configured duration for the cell should be consistent with each other.
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