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Introduction
[bookmark: _Ref421460494]In RAN 1 #89 meeting, it was agreed to introduce a physical signal/channel at least for idle mode paging as:
Agreements:
· A physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) is introduced, at least for idle mode paging. Candidates for the signal/channel are:
· Wake-up signal or DTX
· Go-to-sleep signal or DTX
· Wake-up signal with no DTX
· Downlink control information
· FFS whether synchronization to the camped-on cell is assumed for detecting/decoding WUS/GTS, depending on the (e)DRX cycle length
· Design details are FFS
· Connected mode DRX is FFS

Moreover, it was also agreed to ensure the performance of paging performance:
Agreements:
· The impact of the physical signal/channel, on Idle mode physical layer paging performance (missed paging detection and paging reception latency) should be studied and reported with the physical signal/channel design.
· The current paging mechanism is used as the baseline for evaluation.
In this paper, we discuss on the physical signal/channel and non-anchor carrier operation for NB-IoT. 
A physical signal/channel for DL power saving for paging
There are four candidates for the physical signal/channel to indicate whether UE needs to decode subsequent physical channel(s):
· Wake-up signal or DTX: 
· With the detection of WUS, UE need to decode subsequent physical channel(s)
· [bookmark: OLE_LINK1]Miss rate Pmiss needs to be very low, e.g., Pmiss <1%. Otherwise, the decoding performance of paging will be impacted. 
· Go-to-sleep signal or DTX
· With the detection of WUS, UE need not to decode subsequent physical channel(s)
· False alarm rate Pfa needs to be very low, e.g., Pfa <1%. Otherwise, the decoding performance of paging will be impacted.
· Wake-up signal with no DTX
· A new signal is always transmitted. 0 or 1 indicate need/need not to decode subsequent physical channel(s) respectively. 
· Error rate of 01 needs to be very low. 
· It can be used for DL synchronization and more suitable for long DRX cycle case. 
· System overhead is large.
· Downlink control information
· Alt 1: New compact DCI to indicate UE needs to decode subsequent physical channel(s). 
· If the DCI only has 1 bit information, it is the same as wake-up signal or Go-to-sleep signal or DTX by treating 1 bit + CRC as two known sequences. If the DCI is only sent as wake-up signal or Go-to-sleep, theoretically only one known sequence needs to be detected. The performance shall be same as signal based solution.
· It is up to UE implementation on how to detect the new DCI, e.g., decoding or sequence detection.
· CRS can be used for decoding. 
· Alt 2: Introduce a new DCI format to indicate the if the subsequent one or more PO(s) have paging transmission
· If the DCI size is small or may indicate UE to skips more POs, it may help on power saving. 
· DL synchronization is needed.

Observation #1: DCI based solution can provide similar performance as signal based solution with 1 bit payload.
Performance requirement
· Wake-up signal or DTX: 
· Pmiss <1%. 
· Pfa needs to be taken into account the power saving performance gain. 
· Go-to-sleep signal or DTX
· Pfa <1%. 
· Pmiss needs to be taken into account the power saving performance gain. 
For the above solutions, performance of false alarm rate needs to be evaluated with and without DL transmission, i.e., DL channel for other UE. 
Observation #2: For wake-up signal/Go-to-sleep signal or DTX, the false alarm rate needs to be evaluated with both AWGN and some random transmission cases.
Synchronization
· Wake-up or Go-to-sleep signal based solutions may not require DL synchronization. However, it will highly impact on the detection performance. 
· Wake-up signal without DTX solution may be more proper to provide the synchronization functionality. It could also be used for connected mode UE or measurement. 
· DCI based solution requires DL synchronization.
In addition, as discussed in [1], the support of synchronization is quite expensive. If this new signal can allow UE to skip reading of PSS/SSS for asynchronous case, the complexity of decoding such new signal is expected to be much higher. For LTE Cat 1 UE, the PSS/SSS module takes 10~15% of BOM cost of baseband [2]. The percentage of for NPSS/NSSS module is expected to be similar or higher for NB-IoT UE since other parts are reduced. Therefore, it is not recommended to design WUS and GSS, which can provide a functionality of NPSS/NSSS.
Observation #3: The new signal not relaying on DL synchronization is expected to increase UE cost.
Handling of different coverage:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK10][bookmark: OLE_LINK2]For Wake-up or Go-to-sleep signal with and without DTX, if multiple repetition levels are introduced and UE needs to blindly detect for multiple repetition number, the performance will be impacted. More attempts will lead to higher false alarm rate. For example, if one attempt has 1% Pfa and N attempts result in 1-(1-1%)n Pfa. On the other hand, in order to reduce the false alarm rate, the detection threshold needs to be adjusted and it will also reduce the performance of miss rate. If one repetition level is configured by eNB, it shall target to the worse coverage UE and the system overhead is large. In addition, UE needs to be very confident and smart to make decision early before the max repetitions; otherwise, there is no power saving. 
· [bookmark: _GoBack]For DCI based solution, with multiple blind detections, no much impact on false alarm or miss rate due to the use of CRC. It will benefit to UE if NPDCCH is transmitted.
Moreover, thanks to the repetitions and CRC, UE can know if NPDCCH is successfully decoded. Since CRC provide a quite low false alarm rate, UE can attempt to decode after each repetitions. That is, UE can benefit from early termination if there is a NPDCCH transmission. 
Observation #4: It is more easy to use DCI based solution to deal with different coverage than signaling based solution.
[bookmark: OLE_LINK11]Proposal #1: This signal/channel is not intent to skip existing NPSS/NSSS after long sleep. 
Proposal #2: Support DCI based solution if no need to provide synchronization functionality. 
Moreover, as discussed in many papers in RAN 1 #89 meeting, if the paging payload is heavy, there is no much help for UE to monitor WUS signal. Therefore, it shall allow eNB to switch it off. 
Proposal #3: This feature can be switched off by eNB.

Periodicity 
UE calculates its PO based on UE_ID, that is, within one DTX cycles, different UEs may have different PO. Therefore, the signal/channel (noted as WUS) may be transmitted before every PO (Alt 1 in Figure 1), or WUS is shared by UEs with different POs. Alt 1 needs more DL resource and less flexible. Alt 2 is more flexible. If the paging load is heavy, DRX cycle can be configured short, e.g., less than paging DRX cycle, which can achieve similar result as Alt1. 
Proposal #4: The periodicity of the signal/channel is separated configured by RRC. A starting offset can be configured to avoid the collision with PO. 


Alt 1: WUS is shared by UEs with different POs


Alt 2: WUS is transmitted per PO
Figure 1
Non-anchor carrier operation
In Rel-14 NB-IoT system, non-anchor carrier for paging is also determined by UE_ID. If the paging load is not heavy, there is no need to transmit WUS on every carrier. It could be transmitted on the anchor carrier. The idle mode mobility, as well as RSRP to choose a NPRACH CE level is based on anchor carrier. On the other hand, for long DRX cycle case, UE needs to re-synchronized and may also need to check NPBCH or other system information. Is it quite convenience to receive WUS on anchor and decide if needs to decoding for paging on non-anchor carrier. It can be further study when the paging load is heavy, if eNB can configure to transmit WUS on each non-anchor carrier.
Proposal #5: The signal/channel is transmitted on anchor carrier. FFS if the signal/channel needs to be transmitted on non-anchor carrier.
Connected mode DRX
For connected-mode DRX, currently NB-IoT already can set onDurationTimer to 1pp (i.e., PDCCH period) and drx-InactivityTimer and drx-RetransmissionTimer to pp0 (i.e., no need to monitor PDCCH). In addition, there is DRX Command MAC control element to stop NPDCCH monitoring, similar as the concept of Go-to-sleep signal/channel. The motivation for introduce a wake-up signal/channel may be using less receiving time to decode a “1” bit information than blindly detect for 8 NPDCCH candidates. However, since any new channel/signal shall not impact on legacy UE and NB-IoT UE occupied a long TTI than one subframe, it is hard to introduce a wake-up signal/channel transmited in a pre-defined resource without any blindly detection, expecially for the symbol-based WUS or GSS signal/channel. It may increase “blocking rate” for eNB schedular. Considering the above analysis, there is no need to introduce any new signal/channel for connected-mode DRX. 
Proposal #6: Not introduce new signal/channel, either wake-up or go-to-sleep signal/channel, for connected-mode DRX.
Conclusion
In this contribution, techniques for DL power consumption reduction for NB-IoT were discussed. Some observations were made:
Observation #1: DCI based solution can provide similar performance as signal based solution with 1 bit payload.
Observation #2: For wake-up signal/Go-to-sleep signal or DTX, the false alarm rate needs to be evaluated with both AWGN and some random transmission cases.
Observation #3: The new signal not relaying on DL synchronization is expected to increase UE cost.
Observation #4: It is more easy to use DCI based solution to deal with different coverage than signaling based solution.
Based on the analysis, we proposed that: 
Proposal #1: This signal/channel is not intent to skip existing NPSS/NSSS after long sleep. 
Proposal #2: Support DCI based solution if no need to provide synchronization functionality. 
Proposal #3: This feature can be switched off by eNB.
Proposal #4: The periodicity of the signal/channel is separated configured by RRC. A starting offset can be configured to avoid the collision with PO. 
Proposal #5: The signal/channel is transmitted on anchor carrier. FFS if the signal/channel needs to be transmitted on non-anchor carrier.
Proposal #6: Not introduce new signal/channel, either wake-up or go-to-sleep signal/channel, for connected-mode DRX.
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