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In RAN1 #89, the physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel was discussed with the aim to reduce the power consumption for physical channels. The following agreements were reached for the physical signal/channel [1]:
Agreement:
· 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
Agreement:
· 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 contribution, we discuss the physical signal/channel indicating whether the UE needs to decode subsequent physical channel(s) for idle mode paging and connected mode DRX respectively, in the aspects of the signal design and the resource configuration etc. We use the terminology of power saving signal/channel to represent any candidate for the physical channel/signal including wake-up signal or DTX, go-to-sleep signal or DTX, wake-up signal with no DTX, and DCI.
For idle mode paging
Rel-13 discussed in detail whether to use MPDCCH or to remove MPDCCH for PDSCH carrying the paging message, and it was agreed to keep MPDCCH for the scheduling information for PDSCH or the direct indication. In Rel-15, we do not need to discuss again the necessity of MPDCCH for paging which can be used in the same way as in Rel-13. So the following discussion is for power saving signal/channel prior to MPDCCH with CRC scrambled by the P-RNTI.
[bookmark: _Ref481055071]Power saving signal or channel
The power saving signal/channel prior to MPDCCH should contain only the minimum necessary information to be easier decoded or detected than MPDCCH. Frequency domain sequences as the power saving signal can contain only the yes (need to decode the subsequent MPDCCH) or no (no need to decode) information. The receiver can be as simple as using correlation against a stored sequence with no channel estimation, no searching for CSS, no blind decoding involved, and thus detection can be relatively quick compared to detecting MPDCCH. The compact DCI solution as the power saving channel can carry additional UE identity information through the RNTI scrambled on CRC, but the receiver is more complex and the false alarm rate is higher. For idle mode paging, the paging message is usually targeted for a group of UEs, so the power saving signal/channel can also be designed for a group of UEs without the identity information for each UE conveyed. The power saving signal using the frequency domain sequence is preferred due to its simple receiver.
Proposal 1: Frequency domain sequences can be sent to indicate whether the UE needs to decode subsequent MPDCCH for idle mode paging.
Synchronization functionality for the power saving signal
When the UE is awake from long DRX cycle, symbol timing would not be maintained because of UE’s clock drift during the sleeping time. Detecting PSS/SSS is the traditional way for the symbol timing synchronization before detecting the power saving signal prior to MPDCCH. However, if the power saving signal has the synchronization functionality, the UE can detect the power saving signal to acquire timing synchronization and no longer needs to detect PSS/SSS. In the following, we will compare UE’s power consumption reduction brought by the power saving signal with/without the synchronization functionality.
We consider the following cases:
Case 1: There is no P-RNTI scrambled MPDCCH transmitted.
· Case 1.1: If no power saving signal prior to MPDCCH used, the UE detects MPDCCH and then continue to sleep.
· Case 1.2: If the power saving signal prior to MPDCCH is used, the UE detects the signal and then continue to sleep.
Case 2: There is P-RNTI scrambled MPDCCH transmitted for direct indication.
· Case 2.1: If no power saving signal prior to MPDCCH used, the UE detects MPDCCH.
· Case 2.2: If the power saving signal prior to MPDCCH is used, the UE detects the signal and MPDCCH.
Case 3: There is P-RNTI scrambled MPDCCH transmitted for PDSCH scheduling. And the paging message is for the UE itself.
· Case 3.1: If no power saving signal prior to MPDCCH used, the UE detects MPDCCH and PDSCH.
· Case 3.2: If the power saving signal prior to MPDCCH is used, the UE detects the signal and then detects MPDCCH and PDSCH.
Case 4: There is P-RNTI scrambled MPDCCH transmitted for PDSCH scheduling. And the paging message is for another UE.
· Case 4.1: If no power saving signal prior to MPDCCH used, the UE detects MPDCCH and PDSCH.
· Case 4.2: If the power saving signal prior to MPDCCH is used, assuming the said another UE and the objective UE are in the same UE group the power saving signal served, the power saving signal would indicate the objective UE to continue detecting MPDCCH and PDSCH and the case is similar as case 3.2.
Assuming the time (ms) for the UE to receive PSS/SSS, the power saving signal, MPDCCH, PDSCH are TPSS/SSS,Tsignal,TMPDCCH,TPDSCH respectively, Table 1 shows the power consumption evaluation of the 4 cases above based on reference power consumption model in the appendix [2]. The paging configuration as shown in the appendix is assumed to use 1.28s DRX cycle. Case 3 and 4 can be considered together since the UE should decode the MPDCCH and MPDSCH no matter whether the paging message contains its identity or not. The UE’s power consumption for detecting the three candidate signals such as wake-up signal or DTX, go-to-sleep signal or DTX, wake-up signal with no DTX is the same, because the UE needs to detect at the signal transmission occasion.

[bookmark: _Ref480898071]Table 1 Power consumption evaluation of the power saving signal prior to MPDCCH
	
	
	Case 1: no MPDCCH
	Case 2: MPDCCH for direct indication
	Case 3: paging message for the UE itself
Case 4: paging message is for another UE.

	
	
	Case 1.1:
Not using the power saving signal
	Case 1.2:
Using the power saving signal
	Case 2.1:
Not using the power saving signal
	Case 2.2:
Using the power saving signal
	Case 3.1&4.1:
Not using the power saving signal
	Case 3.2&4.2:
Using the power saving signal

	power consumption
	Ramp up
(units)
	50*15 = 750 
	50*15 = 750 
	50*15 = 750 
	50*15 = 750 
	50*15 = 750 
	50*15 = 750 

	
	Sync
(units)
	100* TPSS/SSS 
	100* TPSS/SSS 
	100* TPSS/SSS 
	100* TPSS/SSS 
	100* TPSS/SSS 
	100* TPSS/SSS 

	
	Detect the power saving signal
(units)
	
	100* Tsignal
	
	100* Tsignal
	
	100* Tsignal

	
	Decode MPDCCH
(units)
	100* TMPDCCH
	
	100* TMPDCCH
	100* TMPDCCH
	100* TMPDCCH
	100* TMPDCCH

	
	Decode PDSCH
(units)
	
	
	
	
	100* TPDSCH
	100* TPDSCH

	
	Ramp down
(units)
	50*15 = 750 
	50*15 = 750 
	50*15 = 750 
	50*15 = 750 
	50*15 = 750 
	50*15 = 750 

	
	Sleep in a DRX cycle
(units)
	1*(1280-30- TPSS/SSS- TMPDCCH)
	1*(1280- 30- TPSS/SSS- Tsignal)
	1*(1280-30- TPSS/SSS- TMPDCCH)
	1*(1280- 30- TPSS/SSS- Tsignal- TMPDCCH)
	1*(1280-30-TPSS/SSS- TMPDCCH- TPDSCH)
	1*(1280-30- TPSS/SSS- Tsignal- TMPDCCH- TPDSCH)

	
	Total
(units)
	2750+99* (TPSS/SSS+TMPDCCH)
	2750+99* (TPSS/SSS+ Tsignal)
	2750+99* (TPSS/SSS+TMPDCCH)
	2750+99* (TPSS/SSS+ Tsignal+ TMPDCCH)
	2750+99* (TPSS/SSS+ TMPDCCH+ TPDSCH)
	2750+99* (TPSS/SSS+ Tsignal+ TMPDCCH+ TPDSCH)






[bookmark: OLE_LINK6]To evaluate the power consumption effect of the signal considering all the cases, it needs to estimate the probability of these cases. According to the traffic model in [3], there are 52547 devices within a cell, and there are 1.36 paging arrivals per second in a cell. So during one DRX cycle (1.28s), there are totally 1.36 *1.28 = 2 paging demands. Considering there are 32 PO(s) within one DRX cycle, then for a given PO in the DRX cycle, the probability that there is no paging coming at the PO is about . Since the SI modification is assumed as 32*DRX_cycle, then the probability of SI modification can be roughly seen as 1/32. So the probability of Case 1 is about. The probability of Case 2 is about. And then the probability of case 3&4 is 0.062. Then the power consumption when using the signal can be reduced to Pcandidate/Pref=

of not using the signal, which equals to 

. Denote the time for UE to receive the power saving signal with and without the synchronization functionality as Tsignal_wsyn and Tsignal_wosyn, then the power consumption ratio Pcandidate/Pref of using the power saving signal without the synchronization functionality minus the ratio of using the power saving signal with the synchronization functionality can be expressed as


. For using the power saving signal designed with the synchronization functionality, it is anticipated, so that more UE’s power consumption reduction can be gained and the paging reception latency is reduced. However, the power saving signal with the synchronization functionality may consume larger resource overhead compared with the power saving signal without the synchronization functionality, since more resource is needed to finish synchronization than only to finish signal detection when already synchronized. So it is a trade-off when it is appropriate to support the synchronization function in the power saving signal. 
Proposal 2: The power saving signal sent to indicate whether the UE needs to decode subsequent MPDCCH for idle mode paging can support synchronization functionality.
Time and frequency location of the power saving signal
As an MPDCCH scrambled by P-RNTI starting at a certain PO in a PF targets a group of UEs, the power saving signal targeting the same group of UEs can be sent prior to that MPDCCH. The power saving signal related to MPDCCH in different POs can occupy different time locations. Thus, the UE using DRX in idle mode needs only to monitor at one time location for the power saving signal per DRX cycle. 
Considering the UE may need 1 subframe for decoding the power saving signal, the ending subframe for the power saving signal could be 1 subframe earlier than the PO of related MPDCCH. An example of the power saving signal and its related MPDCCH in a PO is shown in Figure 1. Subframes 0,4,5,9 are subframes for POs as the figure shows.



[bookmark: _Ref480816740]Figure 1 Example of the time location of the power saving signal and its related MPDCCH
The power saving signal can be repeated for coverage enhancement, and the number of subfames the power saving signal lasts needs to be notified by SIB considering the UE with worst channel condition.
Even if there is an MPDCCH for paging at a PO, a given UE may find the paging message on PDSCH does not contain its IMSI information since a PO is applicable to a group of UEs. It can be considered to support that a power saving signal indicates a sub-group of UEs monitoring the PO, which is beneficial to further reduce the unnecessary decoding of MPDCCH/MPDSCH for UE.
Proposal 3: The power saving signal indicating the existence of MPDCCH in one PO for idle mode paging is sent prior to the PO. The power saving signal can support indication of a sub-group of UEs associated with one PO.
The frequency location of the power saving signal prior to MPDCCH can occupy the whole narrowband. The narrowband can be determined adopting the Rel-13 PNB determination method, i.e. the set of narrowbands can be used for the power saving signal in the system is determined by the cell ID, and UE calculates its narrowband in the set according to its UE_ID. In this way, the power saving signal and its related MPDCCH will occupy the same narrowband.
Proposal 4: The narrowband of the power saving signal is determined reusing the Rel-13 mechanism for determining the narrowband of P-RNTI scrambled MPDCCH.
The power saving signal design
The candidates for the power saving signal are wake-up signal or DTX, go-to-sleep signal or DTX, and wake-up signal with no DTX. Since in most cases there will be no UE’s MPDCCH scrambled by P-RNTI in a PO, sending go-to-sleep signal or DTX or sending wake-up signal with no DTX will result in more system overhead than sending wake-up signal or DTX. So wake-up signal or DTX is a preferred candidate from the system overhead point of view. 
The power saving signal/channel to indicate the necessity to decode subsequent channels is also studied and discussed in Rel-15 NB-IoT. Therefore, compatible design can be considered between MTC and NB-IoT in order to reduce the specification work load and benefit the implementation. The power saving signal for NB-IoT is designed using only one PRB in the frequency domain. For MTC, one possible way is to transmit the same signal in 6 PRBs repeatedly. To reduce the specification work, the frequency domain sequences already used in the specification can be considered to be reused as the power saving signal. 
Proposal 5: To reduce the specification work, reusing the frequency domain sequences already in the specification as the power saving signal can be considered.
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For connected mode DRX
Motivation and time/frequency location of the power saving signal/channel
[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK70][bookmark: OLE_LINK71]For UEs in RRC connected mode, a DRX cycle consists of an ‘On Duration’ state and ‘DRX’ state. During ‘On Duration’ state, a UE should monitor the MPDCCH to check if it receives scheduling information. If it does, the UE will start an ’Inactivity Timer‘. UE keeps monitoring the MPDCCH until the ‘Inactivity Timer’ expires or is stopped by a MAC command. Then UE will be in “DRX” state, and the UE can go into the sleep mode to save power. 
Since only a small percentage of MPDCCH decoding yields a DL/UL grant relevant to the UE, the legacy connected mode DRX design and typical parameter settings result in large percentage of power expended to decode MPDCCH without finding any grant during ‘On Duration’ state. To alleviate the power consumption on decoding MPDCCH, the eNB could provide a power saving signal/channel to the UE before the start of the ON duration. The power saving signal/channel indicates to the UE whether it should expect a grant for the upcoming ON duration. If no grant should be expected, the UE can optionally go back to sleep and skip the ON duration. 
For the benefit of the power saving signal/channel on UE’s power saving, it depends on the DRX parameter setting and traffic characteristics. If we set the ON duration timer equal to 1, then the power saving by using the signal/channel to skip the MPDCCH monitoring during ON duration without grant is not so significant but additional resources are required. For certain traffic characteristic, the power overhead of the power saving signal/channel decoding can even remove any potential savings that comes with it. As an extreme example, if there is a grant every DRX cycle, then the total power consumed on detecting the power saving signal/channel and decoding the MPDCCH will be more than only decoding the MPDCCH. 
Thus the most efficient way is the network can choose to configure or not to configure the transmission of the power saving signal/channel.
Proposal 6: The network can UE-specifically configure the transmission of the power saving signal/channel prior to MPDCCH in RRC_CONNECTED state.
The narrowband of the power saving signal/channel can be RRC signaled in RRC connected mode.
Proposal 7: The power saving signal/channel prior to MPDCCH for a UE in RRC_CONNECTED state can be transmitted before the start of the ON duration in the RRC signaled narrowband.
Signal design of the power saving signal/channel
Unlike MPDCCH scrambled by P-RNTI, MPDCCH in connected mode is UE specific. If the power saving signal/channel prior to MPDCCH serves a group of N UEs, N UEs will wake up to detect MPDCCH when only one of them really needs to do. The wake up of N-1 UEs has the same effect as false alarm and the power saving benefit for these N-1 UEs will not be gained. The power saving benefit would be even less when the signal/channel indicates whether there is grant in the upcoming ON duration with the ON duration timer larger than 1. That is because even only one UE in the group has its grant in one or several subframes during the ON duration, all the UEs in the group would wake up to detect MPDCCH. Thus, it is considered that the power saving signal/channel serves a specific UE. 
As the number of frequency domain sequences or the orthogonal sequences is limited, if they are used as the power saving signal/channel to separate some UEs, more time or frequency resources will be necessary to further separate UEs to make the signal serve a specific UE. To reduce the system overhead from this point of view, we can carry the UE identity information in the power saving channel prior to MPDCCH. For example, an additional very compact DCI, e.g. 1 bit DCI can be transmitted prior to MPDCCH carrying DCI format 6-x the .
Proposal 8: The power saving channel prior to MPDCCH for a UE in RRC_CONNECTED state carries the UE identity information via an additional very compact DCI.
For MPDCCH in other search spaces
During the random access procedure, MPDCCH in Type2-CSS schedules RAR, Msg3 retransmission and Msg4. The UE would monitor MPDCCH following some timers during the random access, such as the RAR window and contention resolution timer. For RAR detection, the UE would keep monitoring MPDCCH during the RAR window but no MPDCCH scrambled with RA-RNTI may be detected. The RAR window can be as long as 400 ms and the UE’s power may be wasted. After UE sends Msg3, if there is contention, it is possible that eNB cannot receive any Msg3 after several retransmissions, then eNB gives up the scheduling, but UE would keep monitoring the MPDCCH until the contention-resolution timer expires. This is also a waste of UE’s power, especially considering that the contention-resolution timer can be configured as long as 960 ms. The power saving signal/channel can also be introduced to indicate whether the UE needs to decode subsequent MPDCCH in Type2-CSS.
SC-MTCH transmission also supports the DRX mechanism, which configured in SC-MCCH, meaning there are similar chances to reduce power consumption while UE monitors Type2A-CSS. A multicast message such as software upgrade may not be sent very frequently, so the power waste is non-negligible for UE monitoring Type2A-CSS.
Proposal 9: The power saving signal/channel is introduced to indicate whether the UE needs to decode subsequent MPDCCH in Type2-CSS and Type2A-CSS.
Conclusion
This contribution discusses the power saving signal/channel prior to the physical downlink control channel to reduce UEs’ power consumption. The proposals are as following:
Proposal 1: Frequency domain sequences can be sent to indicate whether the UE needs to decode subsequent MPDCCH for idle mode paging.
Proposal 2: The power saving signal sent to indicate whether the UE needs to decode subsequent MPDCCH for idle mode paging can support synchronization functionality.
Proposal 3: The power saving signal indicating the existence of MPDCCH in one PO for idle mode paging is sent prior to the PO. The power saving signal can support indication of a sub-group of UEs associated with one PO.
Proposal 4: The narrowband of the power saving signal is determined reusing the Rel-13 mechanism for determining the narrowband of P-RNTI scrambled MPDCCH.
Proposal 5: To reduce the specification work, reusing the frequency domain sequences already in the specification as the power saving signal can be considered.
Proposal 6: The network can UE-specifically configure the transmission of the power saving signal/channel prior to MPDCCH in RRC_CONNECTED state.
Proposal 7: The power saving signal/channel prior to MPDCCH for a UE in RRC_CONNECTED state can be transmitted before the start of the ON duration in the RRC signaled narrowband.
Proposal 8: The power saving channel prior to MPDCCH for a UE in RRC_CONNECTED state carries the UE identity information via an additional very compact DCI.
Proposal 9: The power saving signal/channel is introduced to indicate whether the UE needs to decode subsequent MPDCCH in Type2-CSS and Type2A-CSS.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref488246792][bookmark: _Ref462670078][bookmark: _Ref471476177][bookmark: _Ref477185288]“RAN1 Chairman’s Notes”, RAN1 #89, Hangzhou, P.R. China, May 15 – 19, 2017
[bookmark: _Ref480807812]R1-1706704, “Way forward on Downlink channel power efficiency”, Ericsson, Qualcomm, Orange, RAN1 #88bis, Spokane, USA, April 3 – 7, 2017
[bookmark: _Ref481503966]3GPP TR 45.820 V13.1.0

Appendix
Paging configuration and SI modification parameters for the evaluation
	Parameter
	Value

	DRX cycle
	1.28 seconds

	Number of POs within one DRX cycle
	32 (i.e. nB=T/4)

	SI Modification
	32*DRX_CYCLE



Reference power consumption model
	Operating mode 
	Power [units/ms] 
	Notes 

	Receive 
	100
	RF and baseband circuitry

	Light sleep 
	1
	Corresponds to maintaining accurate timing by keeping RF frequency reference active.

	Transitions between states
	50 
	Boot, reload memory etc. 
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