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Introduction
At the RAN plenary #80, a new Work Item (WI) on “Rel-16 enhancements for NB-IoT” was approved [1]. The WID states that one objective is to specify the following improvement for machine-type communications for NB-IoT FDD:
Improved DL transmission efficiency and/or UE power consumption:
•	Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
In RAN1 #96, the following was agreed:[bookmark: _GoBack]For further evaluation and study (especially from UE implementation perspective):
Benefits and costs with more grouping levels, i.e., subgroups of subgroups.
 
Agreement
A UE is required to monitor WUS(s) in only one WUS (T/F) resource location
 
Agreement
Up to 2 time-multiplexed WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.
 
 
For further study until next meeting
Companies are encouraged to provide results for the different sequence candidates, taking into account, e.g., 
1. Detection window lengths
1. Frequency errors
1. Channel model
where a starting point for evaluations is the Rel-15 WUS assumptions in R1-1714993 and Rel-15 WUS functionality (w.r.t. frequency error and detection window lengths).

In this contribution we bring up the focus on the topic of UE-group WUS for NB-IoT.
Discussion
During the discussion of Rel-15 WUS companies came up with different proposals to use the WUS as an additional synchronization signal for the UEs [2]. Some companies suggested to complement the WUS with a so-called go-to-sleep signal (GTS) that is basically a WUS without wake-up trigger . This has been studied in [3], [4] [5] and [6]. A summary of the different views of the companies has been given in [7]. The introduction of a GTS signal was not agreed but, in our opinion, this topic should be studied further.

It has been agreed in [2] that the error of the low precision clock in deep sleep should be assumed to be +/-20 ppm. Figure 1 shows the corresponding clock error over time with a slope of +/- 72 milliseconds per hour.
[image: ]
[bookmark: _Ref4164646]Figure 1: Clock error in deep sleep
In Figure 2, we describe the situation if no WUS is used. A UE has to perform a re-synchronization at its POs to check for paging DCIs. If a UE uses DRX only, the clock error is limited to +/- 0.2 milliseconds and the re-sync window has a maximum size of 0.4 milliseconds (see Figure 2a). If a UE uses eDRX with a cycle of 45 minutes (256 x 10.24 s) or less, the clock error will not exceed the NSSS period of +/- 80 milliseconds (see Figure 2b). In both cases, re-synchronization can be achieved by evaluating the NPSS/NSSS sub-frames [6].
If a UE uses eDRX with a cycle of 90 minutes (512 x 10.24 s) or more, the clock error will exceed the NSSS period of +/- 80 milliseconds and re-synchronization can only be achieved by evaluating the NPBCH (see Figure 2c). The same is true for PSM with a duration of more than about 1 hour.
[image: ]
[bookmark: _Ref4166011]Figure 2: Re-sync window without WUS
[bookmark: _Toc4480885][bookmark: _Toc4576489][bookmark: _Toc4581719][bookmark: _Toc4582212][bookmark: _Toc4676077] If a UE uses eDRX or PSM with a cycle of more than 1 hour, the clock error will exceed the NSSS period.
We now describe the situation if a Rel-15 NWUS is used. The Rel-15 NWUS has been designed to depend on the system frame number (SFN) and the sub-frame number (SUB) of the corresponding PO. Therefore, re-synchronization to SFN.SUB can be achieved with the help of the NWUS if the number of POs in a hyper frame does not exceed 2048 which is true for nB < 4T. In this case, the reception of a NWUS provides a full re-synchronization to HFN.SFN.SUB if the clock error is less than the duration of a hyper frame, i.e. if the time that has elapsed since the latest re-synchronization does not exceed 144 hours. This is shown by the outer broken lines in Figure 3a.
When paging occurs and a NWUS is sent by eNB and detected by a UE, re-synchronization is achieved and the size of the re-sync window is reduced to zero. In Figure 3a, two NWUS are transmitted. As can be seen, much energy will be saved due to the reduced size of the re-sync window.
[image: ]
[bookmark: _Ref4168897]Figure 3: Re-sync window with WUS
We now introduce a GTS signal but with two modifications:
1. The GTS signal is defined as an OPTIONAL signal.
1. The period of the GTS signal may be a multiple of the DRX/eDRX cycle.
We note that there is a connection between the second modification and the discussion on relaxed RRM measurements [8].
The optional GTS signal reduces the size of the re-sync window of the UEs. Figure 3b shows an example. There, the maximum eDRX cycle of about 3 hours is used. When the UE awakes and no WUS is detected, the UE returns to deep sleep and the clock error continues to increase. After 30 hours, i.e. 10 eDRX cycles, a GTS signal is sent and the clock error is reduced to zero. As a consequence, the average size of the re-sync window is reduced considerably with respect to Figure 3a. Furthermore, we conclude that the GTS signal may not be sent if downlink resources are scarce. It is up to eNBs decision whether it sends the GTS signal and, thereby, assists the UEs in saving energy or whether it is short of downlink resources and prefers to use the resources for other traffic. The same reasoning applies to the duration of the GTS signal which is also up to eNBs decision.
[bookmark: _Toc4581721][bookmark: _Toc4582213][bookmark: _Toc4676078] An intermediate synchronization with WUS/GTS reduces the re-sync window and can decrease the energy consumption.
We note that a UE may use other procedures to reduce the size of the re-sync window if no WUS is sent. Many different procedures may be devised and optimized with respect to the overall energy consumption. We suppose that these procedures are less effective than the GTS signal but may be used if the GTS signal is not sent by eNB or is not detected by the UE. Since we have no detailed data of the energy consumption of the underlying signal processing, we kindly ask the UE and chip manufacturers to comment on our supposition.
Despite the fact that the GTS period may be chosen freely, we argue that under the premise, that the GTS is an optional signal, the GTS period should be equal to the DRX/eDRX cycle. This is motivated by Figure 4. If there is a WUS or GTS signal and the UEs estimate their average clock error by simply averaging over the errors of previous re-sync operations, we can expect that, on average, the WUS or GTS signal will appear in the middle of the re-sync window. Thus, a reception of a WUS or GTS signal with sufficient quality may be used to reduce the search space by half, thereby saving energy. This is true for a (pseudo-) continuous search with a separate wake-up receiver (see Figure 4a) and for a discrete search on top of the NSSS period (see Figure 4b). We note that “sufficient quality” implies an additional threshold in the detection process which has to be optimized.
[image: ]
[bookmark: _Ref4173759]Figure 4: WUS/GTS search space
[bookmark: _Toc4480887][bookmark: _Toc4576491][bookmark: _Toc4581722][bookmark: _Toc4582214][bookmark: _Toc4676079][bookmark: _Toc4421357][bookmark: _Toc4480888][bookmark: _Toc4576492][bookmark: _Toc4581723] The  reception of a WUS/GTS signal with good quality may be used to reduce the search space by half.
[bookmark: _Toc4582215][bookmark: _Toc4676080][bookmark: _Toc4480889][bookmark: _Toc4576493][bookmark: _Toc4581724] Consider the introduction of an OPTIONAL GTS signal that assists the UEs in saving energy.
Conclusions
In this contribution the following observations and proposals have been made:
Observation 1:	If a UE uses eDRX or PSM with a cycle of more than 1 hour, the clock error will exceed the NSSS period.
Observation 2:	An intermediate synchronization with WUS/GTS reduces the re-sync window and can decrease the energy consumption.
Observation 3:	The  reception of a WUS/GTS signal with good quality may be used to reduce the search space by half.
Proposal 1:	Consider the introduction of an OPTIONAL GTS signal that assists the UEs in saving energy.
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