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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK2][bookmark: OLE_LINK1]In RAN #75 meeting, new WID RP-170732 on Even further enhanced MTC for LTE was agreed as working agreement [1]. One of the objectives is to reduce power consumption.
Improved power consumption:
· Power consumption reduction for physical channels [RAN1 lead, RAN2, RAN4]
· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.
· Study and, if found beneficial for connected mode, specify physical signal/channel/DCI for HARQ-ACK feedback in DL for data transmission in UL.
In this contribution, we discuss the support of power consumption reduction for decoding the physical downlink control/data channel.
Discussion on solutions for reduced power consumption
RRC Connected mode DRX
By using WUS in RRC idle mode, the UE will reduce the total power consumption percentage in idle mode. Therefore to further lower the power consumption, introducing corresponding solution in RRC connected mode DRX is required. For example, assume originally the power consumption percentage for idle mode and connected mode are 70% and 30% respectively, after the application of WUS and if WUS reduce 50% power consumption in idle mode, the percentage of connect mode power consumption will increase if no solution is applied in connected mode. On the contrary , if the solution for connected mode can further reduce 20% power consumption, then a further power consumption reduction of 10% can be achieved.
Proposal 1: It is necessary to introduce solutions for RRC connected mode DRX. 
If WUS are used for connected mode and the same signal resource configuration mechanism is used as in RRC idle mode, then many UEs in idle mode will be wake up even no MPDCCH transmission. Therefore instead of saving power consumption they will actually waste more power consumption. If different signal resource configuration mechanism is used for connected mode, then inevitably performance of signal detection in idle mode will be affected. For example, in order to differentiate idle mode and connected mode, different cyclic shifts have to be used, this will increase the detection error rate as distance between different cyclic is reduced. For UE in connected mode since it does not know if the signal is WUS or GOS, it has to detect the signal anyway before blind decoding of MPDCCH, therefore increased power consumption. 
Observation 1: WUS shall not be used for RRC connected mode DRX.
Currently, discontinues receptions (DRX) is used for saving power consumption. However, DRX configuration parameters is static and throughout RRC configured, i.e. UE will detect the NPDCCH until the timer which is configured by RRC is expires, therefore it is not adept for actual data transmission status. 
Observation 2: DRX cannot meet the requirement of change of  actual data transmission status.
In MTC system, the starting subframe of the searching space is configured by higher layer signalling, i.e. semi-statically. Therefore, the detection period cannot be adjusted dynamically based on actual data transmission status, which will adversely affect the terminal power consumption. As shown in figure 1, in data transmission region, UE’s MPDCCH detection period is configured to T. When no data transmission(BSR=0 and No DL data), there are two possible outcome.
1) eNB modifies MPDCCH detection period via high layer signalling, however, significant signalling cost could be expcted. Also , UE power consumption is increased due to reception and feedback.
2) No change for the MPDCCH detection period, i.e , detection period remains as T. As can be seen this will also increase UE power consumption , as more detection process will be wasted.
As can be seen, both scheme are not ideal. 


Figure 1 
If the MPDCCH detection period can be dynamically adjusted based on the actual data transmission status, the terminal power consumption will be reduced. The same conclusion can be found from other contributions [2][3]. As shown in figure 2, based on DCI indication, UE can use T1 as the MPDCCH detection period when no data transmission happens(BSR=0 and No DL data); based on SR+UL grant/DL grant,  UE can use T as the MPDCCH detection period (T1>T) during data transmission. T and T1 will be configured by higher layer.


Figure 2
Dynamically adjusted detection period can be used under many traffic scenario with on-off  characteristics, with longer detection period T1 configured to the period of  ‘off’ data transmission period. Besides, it is also useful for signaling setup and transmission. For example, during RRC release, there is up to 10 seconds delay from the moment RRCConnectionRelease message is received, while UE is still required to monitor MPDCCH during this period. Deployment data also demonstrates for IoT service in a typical RRC session 80%~95% could be spent on RRC release waiting period. Significant power saving is expected if dynamically adjusted detection period can be used.
Dynamically adjusted MPDCCH can be implemented by adding one bit indicator in DCI. Two periodicity, T and T1, can be configured by RRC signaling or via SIB indication. Two period can be indicated by 0 and 1 in the DCI bit. When UE detects MPDCCH using period T and finds the DCI indicator ‘1’, UE will switch to MPDCCH period T1; otherwise UE continues to use T as the MPDCCH detection period. Based on the ongoing agenda for Rel-15 MTC, such as UL ACK/NACK feedback enhancement, more bits will be added to the DCI, therefore, adding 1 bit indicator for dynamic period indication has minimal impacts.
Same as MPDCCH detection period, DRX also can be configured dynamically. Two sets should be configured by high layer, where each set contains MPDCCH detection period and DTX parameters. 1 bit in DCI is used to indicate the which set will be used. 
Proposal 2: For UE power consumption, dynamic adjusted MPDCCH period can be considered. 1 bit indication in the DCI can be used.
RRC idle mode
The following agreement was approved in RAN1#92 meeting:
· 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.
Based on the simulation result in [4], carrying wake up information has very small performance impact for periodic synchronization signal, therefore it is proposed that the new synchronization signal introduced can be optionally configured with wake up function. On top of this, PO specific WUS can be configured for portion of UE that only use the synchronization function of the new signal.
[bookmark: _GoBack]Proposal 3: New synchronization with wake up function , PO specific WUS  can be jointly configured to achieve better power saving result.
For the resource configuration of the WUS signal, uniform design of eMTC and NB-IoT design shall be considered.
In frequency domain, considering the uniform design principle, it is preferred that in MTC the signal also spans 1 PRB in frequency. The PRB’s narrowband should be the narrowband where paging is located, and the specific PRB inside the narrowband can be implicitly indicated, for example, from Cell_ID. For repetition of WUS signal, frequency hopping can be used to gain extra diversity. Details of the hopping can follow the similar hopping mechanism of paging. 
Proposal 4: The resource configuration of WUS signal should be uniform designed for MTC and NB-IoT. 
Proposal 5: PRB used for WUS can be implicitly indicated via paging narrowband and Cell_ID.
Proposal 6: Frequency hopping can be considered for WUS repetition . 
For WUS/DTX signal design, we have the following proposals:
Proposal 7: ZC sequence and Hadamard sequence is used for WUS. The length of the ZC sequence is based on the available RE number inside one subframe.
Proposal 8: Consider introduce sequence hopping to further reduce inter-cell interferences. 
 Proposal 9: Subframe based hopping can be used to indicate WUS timing. 
Conclusions
In this contribution, we have discussed the power consumption reduction for MTC. We make the following observations and proposals:
Observation 1: WUS shall not be used for RRC connected mode DRX.
 Observation 2: DRX cannot meet the requirement of change of  actual data transmission status.
Proposal 1: It is necessary to introduce solutions for RRC connected mode DRX. 
Proposal 2: For UE power consumption, dynamic adjusted MPDCCH period can be considered. 1 bit indication in the DCI can be used.
Proposal 3: New synchronization with wake up function , PO specific WUS  can be jointly configured to achieve better power saving result.
Proposal 4: The resource configuration of WUS signal should be uniform designed for MTC and NB-IoT. 
Proposal 5: PRB used for WUS can be implicitly indicated via paging narrowband and Cell_ID.
Proposal 6: Frequency hopping can be considered for WUS repetition. 
Proposal 7: ZC sequence and Hadamard sequence is used for WUS. The length of the ZC sequence is based on the available RE number inside one subframe.
Proposal 8: Consider introduce sequence hopping to further reduce inter-cell interferences. 
 Proposal 9: Subframe based hopping can be used to indicate WUS timing. 
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