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Introduction
[bookmark: _Ref421460494]In RAN 1 #92, the following agreements and working assumptions were made:
Working assumption:
on eMTC WUS/sync:
· 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
· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)
· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.

Agreements:
· 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
Agreement
· 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.
Agreement
· 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

Working assumption
· 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

Agreement
· 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.

In this paper, we discuss on signal design and configuration of WUS for eMTC. 
Configuration and mechanism for WUS
Configuration of WUS resource
It was agreed as working assumption that WUS transmission is aligned to the start of the configured maximum duration of WUS, shown as Figure 1. As discussed in [1], there are two methods to configure the resource of WUS:
One option is configure a gap (i.e., Gap 1 in Figure 1) from the start of WUS to PO and maximum duration of WUS. UE can determine the starting position of WUS based on the gap 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 (i.e., Gap 2 in Figure 1) 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. 
There is no much different if there is no invalid DL subframe, assuming WUS transmission will be postponed by invalid DL subframe. However, if WUS transmission is postponed to next valid Dl subframe, for the second options, UE also needs to count for the valid subframe(s) to determine the starting position, which is more complicated for both UE and eNB. If dropping the transmission in invalid DL subframe(s), it is similar for the above two options, however, eNB need to calculate number of invalid subframes for each potential transmission duration and determine one which can ensure the target coverage. On the other hand, is it also hard to decide the maximum transmission duration of WUS specified in the specification since the number of valid/invalid subframe is changed case by case. 
Considering the above analysis, we propose:
[bookmark: OLE_LINK1]Proposal #1: For invalid DL subframe, WUS postpones the transmission to next valid DL subframe. 

     
Figure 1 

If was agreed that:
· 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 max repetition number of MPDCCH is within the range of 1~256 subframes. Based on the assumption in many papers (with/without simulation verification), 1/16 energy is needed to detect WUS than MPDCCH. Assuming WUS will occupy 6 PRBs as MPDCCH Type 1 CSS, it is reasonable to set Dmax (maximum duration of WUS) = Rmax/K, where K = {8, 16, 32, FFS: [64, 4]}, is configured in SIB with 2 bit. Similar as the design principle of search space of MPDCCH, a table can be designed for actual WUS transmission as below Table 1. 
Considered the above potential max transmission duration is 64 or 32, if configure the gap from the start of WUS to the PO, 3 bits can indicate 8 values of absolute subframe(ms) from e.g., {[96], 64, 48, 32, 24, 16, 8, 4} to determine the starting subframe of WUS and ensure the gap after WUS to PO.
If the minimum unit of WUS is smaller than 1 subframe/ 1 ms, it can further discussed.  
Proposal #2: Maximum duration Dmax is determined by Dmax = Rmax/K, where K is the scaling factors configured in SIB with 2 bits, from a pre-defined set of {8, 16, 32, FFS: [64, 4]}. 
Proposal #3: Configure the absolute value (ms) of the gap from the start of maximum transmission duration of WUS to the corresponding PO in SIB with 3 bits from a pre-defined set of {[96], 64, 48, 32, 24, 16, 8, 4}. eNB needs to ensure the non-zero gap is large enough between the end of WUS to the corresponding PO.  	
Table 1 Search space of WUS transmission
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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. 
Proposal #4: 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 #5: 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
Design principle of WUS sequence
The design of sequences generating wake up signals should take into account the following aspects: 
· The basic consideration of WUS sequence design is the cross-correlation among WUS sequences. It is the most essential metric determining the detection performance of WUS. In particular, the maximum cross-correlation among WUS sequences and the tile distribution of the CDF of the cross-correlation determine the worst performance, since they correspond to the worst cell ID pair scenario. If the maximum cross-correlation is high, the network may require very careful cell planning such that the bad cell ID pairs can be avoided, which is definitely not preferable. According to the simulation results in [1], M-sequence based WUS has better cross-correlation performance than ZC-sequence based WUS in the same length for both w/ and w/o CFO cases.
· Another consideration is the number of WUS sequences, which depends on the amount of information carried by the WUS sequence. In the previous meetings, it was agreed that the WUS sequence is at least cell-specific. Given the same length of sequence, M-sequence based synchronization sequence usually has larger capacity to carrier information than ZC sequence based sequence. For example, legacy PSS is composed of 3 ZC-sequence with different root in length-63, while SSS is composed of 504*2 interleaved M-sequences, and can carry both the entire cell ID information and also the location-related information.  . 
· The impact on legacy UE is also an important design aspect for efeMTC WUS as MTC system is embedded in the legacy LTE system. For legacy UE, SSS is detected after PSS detection. Therefore, WUS design has to avoid any negative impact on PSS detection. It’s better to design SSS-like WUS to guarantee the orthogonality among WUS and PSS. 
· Detection complexity is always an essential design aspect to consider for low end UEs. Good sequence design can facilitate simple and effective detection algorithm, which saves the calculation complexity and memory consumption for the UE. For efeMTC WUS design, it’s beneficial to utilize the entire 6 PRB of the narrowband and consider M-sequence based design so that the WUS sequence can be detected and implemented in circuits with very low complexity. 
· PAPR of the WUS sequences may not be essential since WUS is a downlink signal.
Based on the above discussion, we propose that 
Proposal #6: The design unit of the sequence constructing a WUS is one OFDM symbol in 6RBs, , which is generated based on frequency domain M-sequence(s). 
Proposal #7: The sequence design unit can be repeated/extended up to N times within a subframe, where N <= 14 – Y, and Y is the number of symbols for legacy PDCCH.
· FFS: the time varying property among the repetitions/extensions within a subframe.

Evaluation on WUS sequences
In this section, the cross-correlation of M-sequence based WUS and ZC-based WUS design are compared. Both of them carry Cell Id in the range from 0 to 503, and occupy one subframe with 6RB and 11 symbols. M-sequence based WUS is constructed similarly as LTE SSS, e.g. using an interleaved structure of length-31 M-sequences per symbol but with different generators, and it is extended into 11 symbols with timing variants per symbol, While, ZC-based WUS is constructed similarly as NB -IoT WUS in [2], and it is repeated into a narrowband of 6RBs. 
[image: ]Max/Mean:-8.017/-10.724
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Figure 2
Observation: M-sequence based WUS has about 2.7dB gain on the average cross-correlation than ZC sequence based NB-IoT like WUS. 
Note that, in addition to better cross-correlation performance, SSS-like M-sequence based WUS design has better flexibility on time domain resource allocation than NB-like WUS design. For example, the number of OFDM symbols assigned per subframe. 
Other Design Aspects 
Repetition is commonly used for narrowband systems to extend transmission range over large MCL for efeMTC 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 #8: WUS of efeMTC does not support FH.
Meanwhile, sequence repetition/extension and/or TX diversity transparent to UE, can be considered for WUS of efeMTC to improve the detection performance. UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port. 
For extended transmission over X subframes, TX diversity, which is transparent to UE can be adopted, for example, antenna switching. 
[bookmark: _GoBack]Proposal #9: WUS of efeMTC 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: For invalid DL subframe, WUS postpones the transmission to next valid DL subframe. 
Proposal #2: Maximum duration Dmax is determined by Dmax = Rmax/K, where K is the scaling factors configured in SIB with 2 bits, from a pre-defined set of {8, 16, 32, FFS: [64, 4]}. 
Proposal #3: Configure the absolute value (ms) of the gap from the start of maximum transmission duration of WUS to the corresponding PO in SIB with 3 bits from a pre-defined set of {[96], 64, 48, 32, 24, 16, 8, 4}. eNB needs to ensure the non-zero gap is large enough between the end of WUS to the corresponding PO.  
Proposal #4: Not support on one wake-up signal applied to a group of more than one of the UEs associated to a PO.
Proposal #5: 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 #6: The design unit of the sequence constructing a WUS is one OFDM symbol in 6RBs, , which is generated based on frequency domain M-sequence(s). 
Proposal #7: The sequence design unit can be repeated/extended up to N times within a subframe, where N <= 14 – Y, and Y is the number of symbols for legacy PDCCH.
· FFS: the time varying property among the repetitions/extensions within a subframe.
Proposal #8: WUS of efeMTC does not support FH.
Proposal #9: WUS of efeMTC can support sequence repetition/extension and/or TX diversity transparent to UE.
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