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Introduction
This tdoc examines the following key open issues for the WUS design:
Signal information
Signal Design – Width, Base Sequence, Cover code, and repetition
False Alarms
Antenna Diversity
Duration
Gap Configuration

Key Issues
WUS Signal Information
In RAN1#92, the following NB-IOT agreement was made WRT to WUS signal information:
NB WUS conveys the cell ID;

A similar agreement should be made for eMTC
Proposal: eMTC WUS at least conveys the cell ID
Signal Design
WUS Width
The NB-IOT WUS design is constrained to 1 PRB but the LTE-M design can be up to 6 PRBs. 
There are several advantages to using 1 PRB:
Lower UE complexity
PSD boosting friendly
Lower UE power consumption
There is one disadvantage to 1 PRB:
Loss in detection performance due to the loss of frequency diversity. 
Simulation results have indicated that 2 PRBs almost completely negates the frequency diversity loss that 1 PRB has so the choice in width for WUS should be limited to 1 or 2 PRBs.

Proposal: WUS width should be down selected between 1 or 2 PRBs 
Base Sequence
In RAN1#92, the following NB-IOT agreement was made:
WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.
Given there is an advantage to keep the NB-IOT and LTE-M WUS designs similar, the same agreement should be made for LTE-M.
Proposal: WUS base sequence is a ZC-sequence of length 1 symbol 
Cover Code
In every subframe, the WUS sequences must indicate one of at least 504 values (i.e. cell IDs), which corresponds to at least one unique WUS sequence. In NB-IOT, the NSSS RE’s are covered by a code to provide the many required sequences. A similar method can be used for LTE-M so the following proposal is made:
Proposal: WUS sequence uses an RE-Based cover code. Cover code is FFS
Repeated or Extended
In RAN1#92, the following NB-IOT agreement was made:
Confirm the working assumption that the WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.

Although the above agreement was only made for NB-IOT, it may be useful to make a similar agreement for LTE-M. Also, the agreement states “repeated/extended” which is ambiguous and could use some clarification if this means “duplicated” (i.e. is an exact copy) or if it is extended in another way.  The main question is how much timing information is needed from the WUS signal. If the WUS is simply duplicated, there will be large false peaks every 1ms making it difficult to detect timing when then the UE’s timing error is greater than +/- 0.5 ms. If the UE’s clock accuracy is 5ppm, this means the maximum duration the UE could sleep for is 100secs but is only 25sec if the clock accuracy is 20ppm. Running on lower accuracy XTALs saves UE power and is less expensive especially integrated CMOS XTALs.  Simply duplicating the WUS every SF can reduce UE processing which may improve battery life, but the battery life is linked more to the “on time” than computations so the power saving is negligible. Although, the UE would likely have to do RRM measurements requiring a re-sync after 100 seconds, it is unlikely needed after 25 seconds especially with the measurement reduction work RAN4 is investigating. A good design goal would be for the WUS to provide UE timing to within +/- 2ms allowing a UE with a 20ppm XTAL to be able be unsynchronized (i.e. deep sleep) for 100 seconds. This means the WUS cannot simply be “duplicated” so the above agree should not be made for LTE-M.  
Proposal: When the WUS is extended beyond 1 SF, the method of extension should provide UE timing information of at least +/- 2ms.
False alarm
In RAN1#92, the following NB-IOT agreements were made WRT to WUS:
FFS: UE group ID
FFS how/whether to handle the case of false alarm resulting from detecting WUS corresponding to different POs/UE groups (if introduced)

The above issue occurs when the WUS transmission windows for different PO’s overlap. Simulation results indicate that WUS durations will be a maximum of ~50ms to support 164 dB MCL at 99% detection rates. This means that there is ~20 non-overlapping WUS windows per second. For LTE-M there are many additional possible non-overlapping frequency locations especially if the WUS is 1 or 2 PRB wide.  Assuming the traffic model from TR 45.820, 52K devices corresponds to an average of 1 page every 0.73 seconds. Assuming 1 PRB and a WUS length of 50ms, 2 pages per second could occur still maintaining a 10% paging rate with no overlapping WUS windows.  To meet a capacity of 1M users per cell with a 1.4MHz system, overlapping WUS windows will be required. If the eNB can group UE with good coverage together, then a 50ms WUS window would not be required which would increase paging capacity but this may not always be possible. 
Proposal: Consider including the group ID as part of the WUS information transmitted 
Antenna Diversity
In RAN1#92, the following LTE-M agreements were made WRT to WUS:
· UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port.
· The UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port.
· FFS: value of X

The value of X is still FFS. The value of X may limit the amount of coherent combining the UE can do. E.g. if X= 1 SF, then the UE will never be able to do coherent combining for longer than 1 SF. For UEs, that are frequency synchronized this could reduce detection performance.  If X is too large, then a shorter WUS sequence would not benefit from the antenna diversity. If X>1 and the UE is to coherently combine for greater than 1 SF, the antenna switch time would need to be known (e.g. every odd SFN). Given the above considerations, the following proposal is made:
Proposal: UE can assume all the REs for transmission of WUS in a 2 subframes, starting as SFN=0, use the same antenna port. 
WUS Duration
In RAN1#92, the following LTE-M agreements were made WRT to WUS:
· The maximum duration of WUS is cell-specifically configured in SIB as one value from a list.
· The list used for configuring maximum duration of WUS at least depends on Rmax associated type 1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS
The length of WUS depends if the UE can rely on WUS for synchronization or not which is a deployment option so more than one WUS length should be defined per Rmax paging value. Allowing more values per Rmax will not require much SI as even 2 bits would provide 4 scaling factors. The Rmax range for paging is 256 to 8 thus if the possible scaling factor are in this range [1/4 1/8 1/16 1/32], the resulting WUS lengths for maximum coverage are 64,32,16, 8 SF. 
Proposal: The WUS length can be calculated based on “scaling factor” * broadcasted Rmax associated type 1 CSS
The scaling factor is broadcasted in SI
Scaling factors can be [1/4 1/8 1/16 1/32]
WUS Gap Configuration
In RAN1#92, the following LTE-M agreements were made WRT to WUS:
· The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configurable
· FFS the configuration is explicit or implicitly derived
The duration of the gap depends on both UE implementation and the ability of the system to optimize resources. Since some UEs, may need significant time after the WUS is detected to “boot-up”, the UE should be able to request a value which the network can then agree to or extend.  
Proposal: The gap from the end of the configured maximum WUS duration to the associated PO is UE specific and configurable via RRC configuration.
The UE requests a gap from a list. List is FFS e.g. [0.1 0.2 0.4 0.8 1.6 3.2 6.4 12.8 sec] 
The eNB assigns the UE a gap that is at least as large as requested by UE

Conclusion
Proposal: eMTC WUS at least conveys the cell ID

Proposal: WUS width should be down selected between 1 or 2 PRBs 

Proposal: WUS base sequence is a ZC-sequence of length 1 symbol

Proposal: WUS sequence uses an RE-Based cover code. Cover code is FFS
Proposal: When the WUS is extended beyond 1 SF, the method of extension should provide UE timing information of at least +/- 2ms.
Proposal: Consider including the group ID as part of the WUS information transmitted 
Proposal: UE can assume all the REs for transmission of WUS in a 2 subframes, starting as SFN=0, use the same antenna port. 
Proposal: The WUS length can be calculated based on “scaling factor” * broadcasted Rmax associated type 1 CSS
The scaling factor is broadcasted in SI
Scaling factors can be [1/4 1/8 1/16 1/32]

Proposal: The gap from the end of the configured maximum WUS duration to the associated PO is UE specific and configurable via RRC configuration.
The UE requests a gap from a list. List is FFS e.g. [0.1 0.2 0.4 0.8 1.6 3.2 6.4 12.8 sec] 
The eNB assigns the UE a gap that is at least as large as requested by UE
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