[bookmark: _Toc436619014][bookmark: _Toc436619251][bookmark: _Toc451844181][bookmark: _Toc466346620][bookmark: _Toc466348853][bookmark: _Ref32174880][bookmark: _Ref32174894][bookmark: _Toc33937155][bookmark: _Toc33937288][bookmark: _Toc64436179][bookmark: _Toc201556294]3GPP TSG RAN WG1 Meeting #92bis	R1-1804604
Sanya, China, April 16th – 20th, 2018

Agenda Item:	6.2.6.3
Source: 	Sony 
Title:	Considerations of using WUS in efeMTC
Document for:	Discussion / decision
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#92 we agreed the following:
· 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
· Confirm WA for eMTC and NB-IoT
· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is: A WUS has a time location which is configurable with respect to the associated PO(s) location(s)
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
· 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
· WUS actual transmission duration can be shorter than the configured maximum duration of 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
· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.
· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.
Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.

We made the following working assumption in RAN1#92:
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
· Note: the above applies to at least the case where the gap is large enough for scheduling UE
· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM
· For eMTC, a new periodic synchronization signal is introduced.
· The new periodic sync signal is configurable (including OFF/ON configuration)
· FFS on the functionality/information provided by the synchronization signal, including 
· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs
· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.
· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal
· System information change notification
· FFS on location of the sync signal

This contribution discusses remaining issues in introducing Wake Up Signal (WUS).
2. Discussions
2.1 WUS Sequence
Several different types of WUS base sequence were proposed in RAN1#92 namely, ZC [1], [2], M-sequence [3], Random sequence [4], DMRS [4] and Hadamard [2].  Since we agreed to introduce a new sync signal, eSS for Rel-15 efeMTC, we can assume that the UE is synchronized with the network when detecting for the WUS.  Here, an M-sequence similar to that used for LTE SSS can be used for WUS.  The WUS sequence can also be used to indicate additional information if deemed beneficial.  A cover code can be used with the WUS base sequence for randomizing inter-cell interference.  Alternatively, the M-sequence itself can tie to the PCID so that the WUS are different in different cells.  
Proposal 1: WUS is based on M-sequence.

In [2], [5] & [6], it is proposed that the WUS occupies 1 PRB in the frequency domain so that a common WUS design can be used for NB-IoT and eMTC.  It should be noted that the NB-IoT WUS uses a long ZC sequence and it is also used to provide synchronization to the UE.  In contrast, in efeMTC, eSS provides synchronization and hence there is no need for the efeMTC WUS to provide synchronization and hence a different type of sequence can be used which can instead be used to provide information to the UE.  Furthermore, if PSD boosting is not available, especially if multiple WUS are stacked in the frequency domain in an OFDM symbol, then the WUS transmission would be longer if 1 PRB is used compared to that when 6 PRBs are used.  The aim of introducing WUS is to reduce power consumption and so a shorter WUS duration is therefore beneficial in this aspect.
Proposal 2: In the frequency domain the WUS for efeMTC occupies 6 PRBs.

2.2 WUS Search Space
In RAN1#92, we agreed to use a WUS search space where the maximum WUS duration is signalled in the SIB.  The rationale behind this is that the network can use less time resources in transmitting the WUS if the network is aware of the UE’s coverage level.  There were two proposed arrangements for the WUS candidates, namely all WUS candidates start at the same time or all WUS candidates end at the same time.  We showed in [1] that for the case where the WUS candidates end at the same time, i.e. they have variable starting time, the miss detection increases as the delay in the starting time of the WUS increases.  This is because this delay acted like a time drift in the UE’s detection process.  Hence, we have a preference that all WUS candidates starting at the same time, that is to confirm the following working assumption:
Proposal 3: Confirm the following working assumption:
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.

To reduce the number of blind decoding attempts, we should keep the number of WUS candidates to a minimum.  Also the durations of these WUS candidates must be known to the UE, similar to the repetitions used for MPDCCH.  We proposed that there are not more than 3 WUS candidates in a WUS search space.
Proposal 4: The duration of each WUS candidates in a WUS search space is known to the UE
Proposal 5: There are no more than 3 different WUS durations, including the maximum WUS duration, in a WUS search space.

2.3 WUS Configurations
In [2] & [5], it is proposed that the frequency resource, i.e. narrowband of the WUS is the same as that for the MPDCCH of the corresponding PO.  It is unclear what the benefit of this is since it imposes unnecessary restriction and may cause collision between the WUS and the MPDCCH of other POs.  Since the time delay between the WUS and its corresponding PO is configurable, we do not see why there cannot also be configurability for the frequency resource.
Proposal 6: The narrowband that the WUS occupies is configurable.

It is agreed that for eDRX, a WUS can address more than one PO in a PTW.  In [7] RAN2 also agreed on this and suggested that the number of POs that can be addressed by a WUS is configurable.  This is beneficial for power saving for the case where the network is not paging the UE for M POs since the UE does not need to wake up to monitor M POs.  However, if only one of the M POs contains a paging message for a UE, this one WUS to many POs mapping would lead to the UE to waste power monitoring M POs.  
Observation 1: A single WUS to multiple POs mapping leads to excessive power consumption since the UE would need to monitor multiple POs when this single WUS is detected.

Hence, instead of a single WUS indicating to the UE to monitor M POs, it would be beneficial if this single WUS indicates to the UE whether to monitor M WUS’s.  That is we can have a 2 level WUS configuration as proposed in [2] and shown here in Figure 1.  Here we have a PTW with 8 POs and M=4.  The 1st level WUS would indicate whether the first M POs in a PTW are potentially active.  That is the one WUS to many POs mapping is applicable only for the 1st level WUS.  In Figure 1, at time t0, the 1st level WUS indicates that the first M=4 POs in the PTW are not active and so the UE can stop monitoring for 2nd level WUS and also stop monitoring for POs in these first 4 POs.  The UE however will monitor for 2nd level WUS at time t2, i.e. after the first 4 POs.  At time t3, the 1st level WUS indicates that the UE will need to monitor for 2nd level WUS in the first 4 POs for potential active POs.  In this case, the UE would still save power monitoring only the 2nd level WUS instead of monitoring all the POs.
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[bookmark: _Ref510783975]Figure 1: Two levels WUS
Proposal 7: For eDRX, a 2 level WUS is introduced where:
· The 1st level WUS maps to M POs within the PTW and indicates whether the UE needs to monitor for 2nd level WUS in these M POs
· The 2nd level WUS has a one WUS to one PO mapping where the absence (DTX) of the WUS indicates that the corresponding PO is inactive and the presence of the WUS indicates that the corresponding PO is active.
· The value M is configurable

The 1st level WUS can use the same type of sequence as the 2nd level WUS, e.g. M-sequence, but both WUS’s use a different sequence.  Alternatively, the 1st level WUS can be an eSS that is always transmitted prior to the PTW and it can provide re-synchronisation in addition to providing the mentioned indication.  That is the 1st level WUS can be a GUS (Go to sleep and wake Up Signal) for the M POs in a PTW.  As shown in [1], placing the eSS close to a PTW would minimise ramp up and ramp down time, thereby minimising UE power consumption.  Hence we have a preference to use the eSS as the 1st level WUS.
Proposal 8: The 1st level WUS uses the same type of sequence as an eSS and functions as a Go to sleep and wake Up Signal (GUS).

In NB-IoT, we have a working assumption where the WUS would provide synchronisation for N WUS cycles. That is if the UE fails to detect a WUS for N cycles, the UE will try to achieve synchronisation by other means (e.g. NPSS).  This method can also be used in efeMTC but for reliability purposes rather than synchronisation.  That is if the UE fails to detect a WUS for N cycles, the UE will monitor a PO.  Hence, if the eNB consistently fails to page the UE due to miss detection of the WUS, this is at least limited to at most N WUS cycles.  The value N can be configurable.
Proposal 9: The UE will monitor a PO if it does not detect a WUS for N consecutive WUS cycles.  The value N is configurable.

2.4 Diversity
In RAN1#92, we agreed to introduce subframe level transmit diversity for the WUS.  Since we can assume that the UE is synchronised with the network when it is detecting the WUS, then we can provide frequency hopping to improve the detection performance of the WUS.  If 2 level WUS is used for eDRX, then the 1st level using eSS can following the frequency hopping with overlapping method proposed in [8] whilst the 2nd level WUS uses the legacy (no overlapping) frequency hopping method.
[bookmark: _GoBack]Proposal 10: Introduce frequency hopping for WUS.

3.   Conclusion
In this contribution we discuss the remaining aspects in introducing WUS.  We observed the following:
Observation 1: A single WUS to multiple POs mapping leads to excessive power consumption since the UE would need to monitor multiple POs when this single WUS is detected.

We therefore propose the following:
Proposal 1: WUS is based on M-sequence.
Proposal 2: In the frequency domain the WUS for efeMTC occupies 6 PRBs.
Proposal 3: Confirm the following working assumption:
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
Proposal 4: The duration of each WUS candidates in a WUS search space is known to the UE
Proposal 5: There are no more than 3 different WUS durations, including the maximum WUS duration, in a WUS search space.
Proposal 6: The narrowband that the WUS occupies is configurable.
Proposal 7: For eDRX, a 2 level WUS is introduced where:
· The 1st level WUS maps to M POs within the PTW and indicates whether the UE needs to monitor for 2nd level WUS in these M POs
· The 2nd level WUS has a one WUS to one PO mapping where the absence (DTX) of the WUS indicates that the corresponding PO is inactive and the presence of the WUS indicates that the corresponding PO is active.
· The value M is configurable
Proposal 8: The 1st level WUS uses the same type of sequence as an eSS and functions as a Go to sleep and wake Up Signal (GUS).
Proposal 9: The UE will monitor a PO if it does not detect a WUS for N consecutive WUS cycles.  The value N is configurable.
Proposal 10: Introduce frequency hopping for WUS.

4. References
[1] R1-1802056, “Considerations on WUS for efeMTC,” Sony, RAN1#92
[2] R1-1801616, “Power consumption reduction for physical channels for MTC,” ZTE, SaneChips, RAN1#92
[3] R1-1801483, “Downlink channel power efficiency for MTC,” Ericsson, RAN1#92
[4] R1-1802163, “Discussion on wake up signal in MTC,” LG Electronics, RAN1#92
[5] R1-1801430, “On 'wake-up signal' for eFeMTC,” Huawei, HiSilicon, RAN1#92
[6] R1-1802326, “Efficient monitoring of DL control channels,” Qualcomm Incorporated, RAN1#92
[7] R1-1803573, “Reply LS to RAN1 on wake-up signal,” RAN2, RAN1#92bis
[8] R1-1804602, “Considerations on eSS for efeMTC,” Sony, RAN1#92bis
image1.png
[ Paging Occasion B 15t Level WUS W 2" Level WUS

GoToSleep  Monitor WUS Monitor WUS Monitor WUS
/N A / N\ A
s___Y___i‘ 1 s___l__i‘ 1

tot, t tt, ts





