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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN WG1 Meeting #90 in Prague, the following working assumptions and agreements are obtained [1] [2]. 
	Working assumption:
· For idle mode,
· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· Wake-up signal or DTX
· Wake-up signal with no DTX
· FFS:
· Information conveyed by the physical signal
· Design of the physical signal
· Resources which can be used for the physical signal, considering scheduling flexibility, overhead, etc.



	Agreements:
· For idle mode,
· The power saving signal in a cell supports being applied to FFS between:
a) All the UEs associated to a PO in the cell
b) A group of more than one of the UEs associated to a PO in the cell
c) Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between
· A single PO only 
· One or more than one PO (details are FFS)
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)



In this contribution, the remaining details of wake-up signals including wake-up signal with or not with DTX, wake-up signal with or not with synchronization function and information conveyed are discussed and the associated proposals are given. 
2. Remaining details on wake-up signal functions
2.1. Information conveyed by wake-up signal
Since it is agreed that a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging [1], the information conveyed by wake-up signal should have at least two meanings, e.g., one to indicate UE needs to decode subsequent physical channel(s) for idle mode paging and another to indicate UE does not need to decode subsequent physical channel(s) for idle mode paging.
WUS can be used to further indicate the blind decoding candidates, e.g., the aggregation level in terms of number of NCCEs, or the search space, etc, the power consumption for blind decoding can be further reduced. For example, wake-up signal has 3 meanings, e.g., the first is to indicate UE needs to decode subsequent physical channel(s) for idle mode paging and the number of NCCEs for NPDCCH search space is 1 NCCE; the second is to indicate UE needs to decode subsequent physical channel(s) for idle mode paging and the number of NCCEs for NPDCCH search space is 2 NCCE; and the last meaning is to indicate UE does not need to decode subsequent physical channel(s) for idle mode paging. However, this is at the cost of UE complexity to detect WUS with more indications so the further power saving gains and costs need further study.
Proposal 1: At least two types of information should be obtained from wake-up signal: 
· Whether or not UE needs to decode subsequent physical channel(s) for idle mode paging;
· Other information, e.g., to indicate blind decoding candidates.
2.2. Sequence based WUS vs. encoded payload based WUS
There are two options for the signal design of WUS. One is sequence based WUS, another is encoded payload like PDCCH based WUS. 
Sequence based WUS
If sequence based WUS is supported, after waking up from sleep, there are two alternatives for UE behaviour. Alternative 1 is that UE first do DL synchronization through NPSS/NSSS and then detect the WUS sequence to check whether it need to monitor subsequent physical channel or not. The NSSS period is 20ms, and UE may need to wait for NSSS subframe to finish DL synchronization. Alternative 2 is that UE finishes DL synchronization through WUS sequence and meanwhile detect the WUS sequence to check whether it need to monitor subsequent physical channel or not. It is clear that Alternative 2 is more power efficient than Alternative 1. The assumption for Alternative 2 is that WUS sequence has the function of DL synchronization. If WUS sequence is based on NPSS/NSSS-like sequence, i.e., ZC sequence likewise, it is natural that UE can use WUS sequence for DL synchronization as well [3] [4]. Sequence design is flexible for coverage, e.g., a longer sequence spanning more OFDM symbols can be used for challenging coverage like 164dB MCL.
Encoded payload (e.g., PDCCH) based WUS
If WUS is based on encoded payload like NPDCCH, after waking up from sleep, UE first need to do DL synchronization through NPSS/NSSS and then to decode e.g., NPDCCH. It is not very power efficient due to the 20ms NSSS period for synchronization. For sequence based WUS, 20ms NSSS period for synchronization can be skipped if WUS has the function of DL synchronization. What’s more, in scenarios with poor coverage such as 164dB MCL, NPDCCH need to be repeated many times, e.g., up to 2048 times, and this will make encoded payload based WUS be not effective in power saving. If 16-bit CRC is introduced to the DCI of NPDCCH in addition to e.g., 1 bit to indicate UE to decode subsequent physical channel(s) or not, then the encoded payload based WUS will have worse coverage performance. Considering the above analysis, Sequence based WUS is preferred.
Proposal 2: Sequence based WUS is supported to indicate whether UE needs to decode subsequent physical channel for idle mode paging or not.
Proposal 3: Wake-up signal should have synchronization function and UE should use WUS for DL synchronization.
2.3. Wake-up signal with DTX vs. Wake-up signal with no DTX
Wake-up signal with DTX
As one example of wake-up signal with DTX, a signal is transmitted to indicate that the UE needs to decode subsequent physical channel for idle mode paging, and DTX is used to indicate UE not to decode subsequent physical channel for idle mode paging. 
There are two options for DTX operation
· Option 1: nothing is transmitted in DTX resources
If nothing can be transmitted in DTX resources, actually the resources are reserved by the cell no matter the UE needs to decode subsequent physical channel for idle mode paging or not. In this case, UE monitors the DTX resources and receives nothing.
· Option 2: WUS signal is not transmitted in DTX resources
In this case, other channels or signals except wake-up signal can be transmitted in DTX resources. UE monitors the DTX resources and receives no WUS. Since the resources can be utilized for other purpose, the overhead of wake-up signal is lower than Option 1. So Option 2 is preferred and cell specific signals including NRS, NPSS and NSSS, etc are not transmitted in DTX resources. 
Before monitor paging PDCCH, UE need to complete DL synchronization especially from long DRX/eDRX cycle. If DTX is transmitted by cell, UE cannot use WUS sequence for DL synchronization. Alternatively, UE can use NPSS/NSSS to complete synchronization and this procedure may need more time than using WUS to do synchronization. Of course, UE can skip synchronization procedure for some DRX/eDRX cycle if the cycle is short and UE will finish synchronization in the later cycles. 
The advantage for wake-up signal with DTX is that it has smaller WUS overhead than wake-up signal with no DTX and it has little impact on continuous transmission of other channels like NPDCCH.
 Wake-up signal with no DTX
One example of wake-up signal without DTX is that, a signal (e.g., one root of sequence) is transmitted to indicate that the UE needs to decode subsequent physical channel for idle mode paging while another signal (e.g., another root of sequence) is used to indicate UE not to decode subsequent physical channel for idle mode paging.
The main issue for wake-up signal without DTX is that its overhead is much higher than the overhead of wake-up signal with DTX. Assuming 10% paging rate, the overhead is 10 times (100% vs 10%) of that for WUS with DTX. Another issue is that it will impact continuous transmission of other channels like NPDCCH.
Proposal 4: Wake-up signal with DTX is supported.
2.4. WUS for connected mode DRX
For connected mode, when the traffic density is low, it is similar as idle mode and wake-up signals is also effective for power saving. On the contrary, when the traffic density is high, most likely UE need to monitor NPDCCH together with additional WUS. This may cause no power saving by introducing WUS in this case. However, for high traffic density, a compact NPDCCH with reduced DCI bits can be considered to decrease the repetition number and to save power. What’s more, the wake-up signal in connected mode can be switched on or off according to different traffic density.
Proposal 5: Support wake-up signal for connected mode DRX. 
· FFS: Related details including signal or channel 
· FFS: Whether WUS is configurable according to traffic density or not.
3. Conclusion
In this contribution, the remaining details of wake-up signals including wake-up signal with or not with DTX, wake-up signal with or not with synchronization function and information conveyed are discussed and the following proposals are given. 
Proposal 1: At least two types of information should be obtained from wake-up signal: 
· Whether or not UE needs to decode subsequent physical channel(s) for idle mode paging;
· Other information, e.g., to indicate blind decoding candidates.
Proposal 2: Sequence based WUS is supported to indicate whether UE needs to decode subsequent physical channel for idle mode paging or not.
Proposal 3: Wake-up signal should have synchronization function and UE should use WUS for DL synchronization.
Proposal 4: Wake-up signal with DTX is supported.
Proposal 5: Support wake-up signal for connected mode DRX. 
· FFS: Related details including signal or channel 
· FFS: Whether WUS is configurable according to traffic density or not.
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