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Introduction
In RAN#75, the work item on Further NB-IoT enhancements was approved [1]. One of the objectives is to achieve further power consumption reduction for physical channels:
· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4] 
Furthermore, the following agreements were reached in the previous meeting on this objective [2], [3]:
Agreements [RAN1#88bis]:
· Techniques to be evaluated:
· Wake-up signal (WUS)/channel (either relying or not relying on DL synchronization)
· Go-to-sleep (GTS) signal/channel (either relying or not relying on DL synchronization)
· Compact DCI
· Dynamic USS periodicity
· The use of the technique can be semi-statically enabled/disabled by the network

Agreements [RAN1#88bis]:
· Way forward on simulation assumption on signal for power consumption reduction Huawei, HiSilicon, Ericsson
· R1-1706777 is agreed.

[bookmark: _Hlk486434579]Agreements: [RAN1#89]:
· 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
Agreements: [RAN1#89]
· 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 possibilities of achieving this objective along with additional considerations that need to be discussed. In addition to this we provide the evaluation
Power consumption evaluation and simulation results
In this section, we assume that the reference scenario is a UE that monitors NPDCCH transmission, but is not receiving NPDSCH in idle mode. We assume that in idle mode, a page for another UE is present in 0% of the cases. In case of eDRX, within each Paging Time Window (PTW), UE is in normal DRX mode and wakes up in Paging Occasions (PO)s to monitor common search space. The power consumption model for the reference scenario is shown in figure 1. We further assume that for the (e)DRX cycles larger than SI modification period (assumed to be 40.96 s) UE is required to check the SI value tag in MIB-NB. 
Moreover, the required time for transmission of each physical channel for different MCL levels are shown in Table 1. In the following sections, the simulation results are obtained according the simulation agreements in [4] restated in Appendix 1. Also, the simulations are done using cross-subframe channel estimation up to 20 subframes depending on the required number of repetitions for a specific channel. 
[image: ]
Figure 1: Power consumption model for the reference scenario 
Compact DCI
For the power consumption evaluation of the compact DCI we consider two cases. The first case is compact DCI with 8 bits CRC plus 1-bit information, second case is 16 bits CRC plus 1-bit information. The 1-bit information can be used as an indication that UE needs to decode NPDSCH for the direct information of SIB change as suggested in [5]. Appendix B shows the simulation results for compact DCI and DCI format N2 for paging. Based on these results the required transmission time for each target coupling loss is indicated in table 1.
Figure B-1 shows the BLER for different number of repetitions in each case. As we can see there is 1 to 2 dB gain in high SNRs (corresponding to lower coupling losses). However, in very low SNRs (corresponding to high coupling losses) the gain is rather small, that is less than 1 dB. The reason is that the pilots become highly noisy at low SNRs and consequently channel estimation is poor. Therefore, increasing the number of REs per coded bit, by reducing the number of DCI+CRC bits, cannot provide considerable gain, as the number of pilots remains constant. In this case, since transmission spans the same time i.e. one subframe, it cannot exploit the time diversity which helps to provide gain in case of repetition of subframes. 
[bookmark: _Toc489923791][bookmark: _Toc490041366][bookmark: _Toc490237640][bookmark: _Toc490239089][bookmark: _Toc490247978][bookmark: _Toc490251884]In low coupling loss, reducing the DCI+CRC size approximately by half, provides about 1-2 dB gain. In high coupling loss, reducing the DCI+CRC by the same amount, does not provide considerable gain (less than 1dB).
Figure B-2 shows required Rmax for successful decoding of NPDCCH in different coupling losses i.e. 144, 154, and 164 dB, for different DCI+CRC sizes. The results are summarized in table 1. As we can see, in 144 dB coupling loss, the required repetition factor for compact DCI 8+1 is half of required repetition factor for DCI format N2. And for 154 dB coupling loss, the required repetition factor is half of the required repetition factor for DCI format N2. However, for 164 dB coupling loss the required repetition factor is the same for compact DCI and DCI format N2 for paging. This is due to the small gain that is obtained by reducing the number of DCI bits as we explained above.
[bookmark: _Toc489923792][bookmark: _Toc490041367][bookmark: _Toc490237641][bookmark: _Toc490239090][bookmark: _Toc490247979][bookmark: _Toc490251885]In high coupling loss, the required repetition factor for successful decoding of compact DCIs is the same as DCI format N2 for paging.
Wake-up/Go-to-Sleep Signals
For the power consumption evaluation of the WUS/GTS, we assume that the signal is relying on the PSS/SSS for synchronization. Moreover, we assume that the signal is carrying one information bit for indication of its existence or absence. Since the DCI for paging includes 31 bits compared to our assumption that WUS/GTS carries one bit, in [6] it is assumed that Rmax/16 is a sufficient time for successful decoding of WUS/GTS. However, due to the good coding gain from TBCC and the fact that WUP/GTS receiver may not be as sophisticated as the regular receiver used for NPDCCH, this assumption might be too optimistic. Therefore, here we evaluate the case where we assume Rmax/8 as the time required for successful decoding of the WUS/GTS as well. Based on these assumptions, the time required for WUS/GTS decoding is calculated as indicated in table 1. 
Table 1: Required transmission for each channel/signal 
	Coupling loss
	NPDCCH for NB-IoT paging 
(15 info bit + 16 CRC)
1% BLER
	NPDCCH Compact DCI 1
(1 info bit + 16 CRC)
1% BLER
	NPDCCH Compact DCI 2
 (1 info bit + 8 CRC)
1% BLER
	NB-MIB
90th percentile
	WUS/GTS
Rmax/8 length 
	WUS/GTS
Rmax/16 length 

	144
	2
	2
	1
	10
	2/8
	2/16

	154
	32
	16
	16
	80
	32/8
	32/16

	164
	256
	256
	256
	640
	256/8
	256/16



Evaluation results 
The power consumption of each of the methods mentioned in previous section is calculated according to agreements in [4]. Figures 2-4 show the power consumption saving (that is (Pref – Pcandidate)/Pref in percentage) for different methods, for different DRX cycles and in 144, 154 and 164 dB coupling losses respectively. The power consumption is evaluated at 256, 512, 1024, 2048 ms for DRX duration cycle. Based on the simulation assumption the time/frequency drift equals to .05 ppm/s. For the above DRX cycles, the frequency/time error for this amount of drift is considerably small, therefore the power consumption required for time/frequency synchronization is negligible.
[bookmark: _Hlk490235518]The gain of power saving for the 144-dB coupling loss is at most 10-12% for WUS/GTS, while the gain is about 6% for compact DCI with 8 CRC bits, meaning that the gain of power saving signals is twice compared to a compact DCI with 8 bits CRC. Since the Rmax is the same for DCI format N2 and compact DCI with 16 bits CRC, there is not any gain for this case. 
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Figure 2: power consumption saving of different methods for 144 dB coupling loss
[bookmark: _Toc490041369]Figure 3 shows the power consumption saving results for 154 dB coupling loss. The gain of power saving for the 154-dB coupling loss is about 60-65 % for WUS/GTS, while the gain is about 35% for compact DCI with 8 bits CRC. For higher coupling loss, the number of repetitions of different channels including NPDCCH and WUS/GTS becomes larger and dominates power consumption. Thus, reducing the transmission time by power saving signals provides higher saving gains. 
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Figure 3: power consumption saving of different methods for 154 dB coupling loss
Figure 4 shows the power consumption saving for 164-dB coupling loss. As expected there is no power saving gain for compact DCI in 164 dB coupling loss, since the compact DCI sizes require the same Rmax value as regular NPDCCH for paging. The gain is considerably higher for WUS/GTS. The power saving for the 164-dB coupling loss is about 90% for WUS/GTS. Compact DCI cannot achieve any gain at this MCL.
[image: ]
Figure 4: power consumption saving of different methods for 164 dB coupling loss
[bookmark: _Toc490237642][bookmark: _Toc490239091][bookmark: _Toc490247980][bookmark: _Toc490251886]Only marginal power reductions may be achieved with a more compact NPDCCH format compared to the present format.
[bookmark: _Toc490237643][bookmark: _Toc490239092][bookmark: _Toc490247981][bookmark: _Toc490251887]Using Wake-up/Go-to-sleep signal can provide significant power saving gain in high coupling loss and short DRX cycles.
Other considerations
Cell Reselection measurements impact on Power Consumption reduction method
[bookmark: _Hlk490049019]NB-IoT relies on idle mode mobility and according to clause 4.6 in [7], NB-IoT UE is required to perform RRM measurements of serving cell, i.e. measure NRSRP and NRSRQ level of serving cell, and evaluate the cell selection criteria S, at least every DRX cycle. Furthermore, within the set of measurements, at least two measurements shall be spaced by at least DRX cycle/2. If the measurements do not fulfil the criteria S for determined number of consecutive (e)DRX cycles as indicated in [7], UE is mandated to start the measurements of all neighbor cells indicated by the serving NB-IoT cell. If UE cannot find a suitable cell after intra-/inter-frequency measurements, UE is required to initiate cell selection procedure.
According to above discussion, NB-IoT UE is required to perform measurements at least every DRX cycle. This will impact the power consumption reduction, since UE is mandated to perform the measurements even though according to the power saving signal the UE is to stay in sleep mode, unless a new behavior is proposed and agreed for the power consumption feature. Therefore, the possible impact of these measurements on the power consumption reduction methods should be further studied. 
[bookmark: _Toc489998995][bookmark: _Toc490041375][bookmark: _Toc490237644][bookmark: _Toc490239093][bookmark: _Toc490247986][bookmark: _Toc490251848]The impact of cell reselection measurements on power consumption reduction signals/channels should be further studied.  
Conclusion
In this contribution, we have discussed the support for NPRACH false alarm reduction. We made the following observations:
No table of contents entries found.
And proposals:
No table of contents entries found.
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	Parameter
	Value

	BS TX antenna configuration
	1Tx for standalone, 2 Tx for in-band/guard-band

	BS power
	43 dBm for stand-alone, 35 dBm for in-band/guard-band

	System BW
	180 kHz

	Band
	900 MHz

	Channel model 
	TU

	Doppler spread 
	1 Hz

	Time/frequency drift, in idle mode
when not relying on DL synchronization
	[0.05] ppm/s

	Maximum frequency error, in idle mode 
when not relying on DL synchronization
	[±20] ppm

	Frequency error, 
when relying on DL synchronization
	±50 Hz 

	UE RX antenna configuration
	1 Rx

	*UE NF
	5dB

	Coupling loss
	144, 154, 164 dB



Annex B: Compact DCI/NPDCCH Simulation Results 
[image: ]
[bookmark: _Hlk490028552]Figure B-1: Compact DCI and DCI format N2 simulation results for different number of reptitions
[image: ]
Figure B-2: Compact DCI and DCI format N2 simulation results, indicating required number of repetitions for target MCL at 1% BLER
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