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Introduction
[bookmark: _Ref421460494]In RAN 1 #91, the following agreements were made:
Working assumption
· 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)
Agreement
· There is at least one WUS parameter determined by at least SI for at least IDLE_MODE UE.
· The [maximum] WUS length in a cell is configurable
· Further study the benefits of potential diversity methods in WUS design
· Further study the benefits of potential inter-cell interference randomization methods in WUS design

Working assumption
· 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)

In this paper, we discuss on signal design and configuration of WUS for eMTC. 
Configuration and mechanism for WUS
Transmission of WUS
eNB needs to configure the actual or maximum duration of WUS to UE in SIB to wake UE up to monitor MPDCCH. If eNB configure a maximum duration of WUS, eNB may choose any duration from a list. In this case, UE needs to blind detect for the WUS signal, similar as blind detection of MPDCCH in a search space. The motivation of introducing maximum duration and “search space” concept is to reduce the overhead of WUS. The performance WUS and MPDCCH is expected to be related. As long as the actual transmission of WUS can provide better or similar performance as MPDCCH for a given UE, no actual performance loss is expected for paging message reception.
Observation #1: It is not expected to have performance impact to allow actual transmission duration can be less than maximum duration of WUS. 
Proposal #1: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.


     
Alt 1: Aligning the start            Alt 2: Aligning the end 
Figure 1 
Configuration of WUS resource
As discussed in previous meeting in NB-IoT session, there were two alternatives to transmit actual WUS, either aligning the start or end of the configured maximum duration, shown as Figure 1. It is also applicable to eMTC system. 
For Alt 1 (aligning the start of the configured maximum duration), UE can start to perform the detection from the start and attempt to make decision at any time before the maximum duration. For example, assuming the UE can meet the requirement with 2 transmissions of WUS but eNB only transmit 1 transmission of WUS. UE can attempt to compare with a threshold after 1 subframe (or less, up to UE implementation). If there is no WUS detected, UE can accumulate 2 subframes. Both of the UE buffer size and complexity are not expected to increase. 
For Alt 2 (aligning the end of the configured maximum duration), in order to achieve better performance, it is better for UE to attempt for different hypothesis of actual WUS transmission. In this case, the buffer size will increase. However, the benefit of Alt 2 is that the actual transmissions of MPDCCH and WUS are more compact. This means it ruins up less resource before PO (or for the previous PO). Shown as Figure 2, the MPDCCH/PDSCH transmission in PO 3 may occupy the resource for WUS transmission for PO 4, especially with large repetitions. eNB has to wait until next DRX cycle to page the UE(s) belonged to PO 4 if there is a paging message. Compared with Alt 1, it is much easy for Alt 2 to avoid this issue if allowing the actual WUS transmission can be shorter than the configured maximum duration. Alt 1 cannot benefit from it because there is no scheduling delay for MPDSCH carrying paging.  
Observation #2: Compared with Alt 1, Alt 2 may require more UE buffer. 
Observation #3: WUS and MPDCCH transmission for Alt 2 is more compacted and it is easier to find resource for WUS transmission. 
As shown in Figure 1, there are two ways to determine the resource of WUS, including the starting position and actual transmission of WUS. 
One option is configure a gap/offset from the start of WUS to PO and maximum duration of WUS. UE can determine the starting position of WUS based on the gap/offset directly. In this case, eNB shall ensure there is a gap from the end of WUS (of the maximum duration) to the start of PO, shown as Figure 1. 
Another option is configured the gap from the end of maximum transmission duration of WUS to PO. UE needs to calculate the starting position based on the gap and the maximum transmission duration of WUS for Alt1, or based on the gap and potential duration(s) for Alt 2. Considering the invalid DL subframes which cannot used to transmit WUS, UE also needs to count for the valid subframe(s) for the detection. With this option, it is more complicated to for UE to determine the resource for WUS transmission. Although it is up to UE on how to detect WUS, especially for Alt 2, in order to achieve better performance with different hypothesis of actual WUS transmission, it is better for UE to calculate the potential actual transmission to avoid combine unnecessary noise/interference. In addition, it is also easier for eNB to determine the resource for WUS transmission. 
Observation #4: It is more complicated for UE to determine the WUS transmission if aligning the end of WUS if considering invalid subframe(s) which cannot transmit WUS. 
On the other hand, if align the start of the WUS, it will naturally create larger gaps with fewer repetitions for UE in good coverage. It is easier for UE in good coverage to detect WUS with some time/frequency offset, and synchronized during the gap before MPDCCH detection.  For the UE in extended coverage, it is harder to meet the requirement with time/frequency offset. In this case, UE may synchronize before WUS detection. 
Trading off the pros/cons, UE/eNB complexity is more important. The chance for large repetition for MPDCCH/PDSCH is expected to be low. Therefore, even align the starting position of WUS, it is not expected to enlarge the paging delay. 
Proposal #2: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
Proposal #3: Configure the absolute value (ms) of the gap from the start of WUS transmission to the corresponding PO. eNB needs to ensure the X ms (FFS on X) gap between the end of WUS to the corresponding PO.  
[bookmark: OLE_LINK1]Proposal #4: For invalid DL subframe, WUS postpones the transmission to next valid DL subframe. 
eNB can configure the maximum duration Dmax to UE. Although it is related to Rmax, determine the maximum duration based on Rmax may be too restricted. Since 2-3 bits RRC signaling overhead is not very expensive, it is better to configure the maximum duration Dmax of WUS from a pre-defined set, e.g., {1, 2, 4, ….} times of basic WUS unit. Similar as MPDCCH, the actual transmission duration of WUS is also from the pre-defined set, and it can be derived based on the maximum duration, for example, {Dmax /8, Dmax /4, Dmax /2, Dmax} or similar as MPDCCH search space, pre-defined a set corresponding to each Dmax. 
Proposal #5: Maximum duration Dmax is configured by eNB from a pre-defined set. UE derives the actual transmission duration based on Dmax. 
Sub-grouping UE of one PO
If the paging rate is very high, UE will be always waked up as long as one of the UE belonging to the same PO got paged. In RAN 1 #90, it was discussed if one wake up signal can apply to a sub-group of UEs of one PO. However, more POs can be configured within on DRX cycle. There is no much motivation to further divide UE associated with one PO into sub-group. On the other hand, it is complicated for UE to determine the location of wake up signals, if TDM is used for sub-group of UE. Moreover, since UE may have clock drift, with TMD manner, if same sequence is used for wake up signal, UE may detect the wake-up signal for other sub-group of UEs if same sequence is used. If CDM is used, the performance will be impact and the duration of one wake-up signal will be significantly increased. 
Observation #5: There is no gain to divide UE associated with one PO into sub-groups compared with using more POs in one DRX cycle. And it will either introduce more complexity or degrade the performance.
Proposal #6: Not support on one wake-up signal applied to a group of more than one of the UEs associated to a PO.
Mapping of WUS and PO(s)
For eMTC, UE calculates Ns based on nB and T, where nB and T are configured by eNB. When Ns >1 and when system bandwidth >3MHz, there are more than one subframe in a paging frame as PO for different groups of UEs. If MPDCCH needs some repetitions, eNB can only transmit one paging message for the case of Ns >1. Since the scrambling sequence is generated based on subframe index, it will not cause false alarm of MPDCCH. However, in this case, it is very hard to find resource for WUS transmission between POs. When Ns =4, subframe 4 and 5 are used without gap.  
If WUS is supported when Ns >1 or 2, it is better to transmit WUS before each PF than each PO. More than one POs on the same PF can be grouped together and link to one WUS. UE can determine the WUS time domain resource based on the first PO in PF.  
Proposal #7: If WUS is supported when Ns >1, POs on the same PF are trigged by one WUS, and the time domain resource of the WUS is determined based on the first PO on the PF. 
Wake up signal design
Both NB-IoT and eMTC target the low end of the market. To support the LPWA applications with requirements of large coverage and long battery lifetime, both systems support features, such as eDRX and PSM. Therefore, the two systems shall share high level principles of the power saving signal design for idle mode paging, regarding functionalities and configuration.
However, unlike NB-IoT, eMTC supports in-band LTE mode only, which allows the reuse of existing LTE base stations with only software update. To guarantee the priority of low complexity and latency, it’s essential to utilize the entire 6PRB in the frequency domain on WUS design. In addition, to be coexist with other LTE services within the same bandwidth, the new power saving signal for eMTC should also consider the impact to legacy LTE, especially the PSS detection.
Proposal #8: WUS of MTC could follow the high level design principles of NB-IoT regarding the functionalities and configuration, but has different sequence design.
Base Sequence Type
The base sequence is what we start with in the frequency domain to generate the WUS. It should have nice cross-correlation property so that the WUS can be detected by UE even in harsh channel condition or over large MCL. In case of mobility or inter-cell interference, WUS should carry at least part of cell ID. 
Because of their nice cross-correlation property, ZC-sequence and M-sequence are the most widely adopted sequences in LTE and NR systems for initial access. In contrast to M-sequence, the ZC-sequence is appreciated by its low PAPR. However this property is not essential for the WUS design in the DL transmission. On the other hand, with same energy, M-sequence has better cross-correlation and low interference to legacy PSS, verified by the simulations in below. 
The ZC sequence with length of 63 truncated by the center element d(31) is considered as one base sequence, according to 

Meanwhile, the M based sequence with length of 63 truncated by the center element x(31) is considered as base sequence, according to


In the simulation, a series of ZC sequences with root from 0 to 60 with step of 3 are generated, while a series of M-sequences with cyclic shift from 0 to 60 with step of 3 are generated.
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(a) Within WUS base sequences                    (b) Between WUS base sequences and PSS
Figure 2: CDF of cross-correlation w/o CFO
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(a) Within WUS base sequences                    (b) Between WUS base sequences and PSS
Figure 3: CDF of cross-correlation w/ CFO
Observation #6: Without CFO, M-sequence based WUS has lower maximum and mean cross-correlation for both within WUS case and between WUS and PSS case.
Observation #7: When there is CFO, M-sequence based WUS has lower maximum and mean cross-correlation within WUS sequences, and has similar performance as ZC sequence for cross-correlation between WUS and PSS.
Proposal #9: WUS of eMTC is constructed based on M-sequence(s), and is at least cell-specific, with consideration on CFO effect. 
Performance Enhancement Discussion
Repetition is commonly used for narrowband systems to extend transmission range over large MCL for eMTC system. FH among repetitions can be considered for both MPDCCH and PDSCH. However, FH is not worthwhile for power saving signal design, as it increases the UE decoding complexity and network scheduling overhead, especially considering low paging rate in eDRX mode. In particular, FH per 1 PRB within a narrowband would not have essential performance improvement since the diversity gain is very limited within a narrowband. Hence, we have the following proposal. 
Proposal #10: WUS of eMTC does not support FH.
Meanwhile, sequence repetition/extension and/or TX diversity transparent to UE, can be considered for WUS of eMTC to improve the detection performance.
Proposal #11: WUS of eMTC can support sequence repetition/extension and/or TX diversity transparent to UE.
Conclusion
In this contribution, techniques for DL power consumption reduction for eMTC were discussed. Based on the analysis, we proposed that: 
Proposal #1: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
Proposal #2: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
Proposal #3: Configure the absolute value (ms) of the gap from the start of WUS transmission to the corresponding PO. eNB needs to ensure the X ms (FFS on X) gap between the end of WUS to the corresponding PO.  
Proposal #4: For invalid DL subframe, WUS postpones the transmission to next valid DL subframe. 
Proposal #5: Maximum duration Dmax is configured by eNB from a pre-defined set. UE derives the actual transmission duration based on Dmax. 
Proposal #6: Not support on one wake-up signal applied to a group of more than one of the UEs associated to a PO.
Proposal #7: If WUS is supported when Ns >1, POs on the same PF are trigged by one WUS, and the time domain resource of the WUS is determined based on the first PO on the PF. 
Proposal #8: WUS of MTC could follow the high level design principles of NB-IoT regarding the functionalities and configuration, but has different sequence design.
Proposal #9: WUS of eMTC is constructed based on M-sequence(s), and is at least cell-specific, with consideration on CFO effect. 
Proposal #10: WUS of eMTC does not support FH.
Proposal #11: WUS of eMTC can support sequence repetition/extension and/or TX diversity transparent to UE.
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