[bookmark: OLE_LINK6][bookmark: OLE_LINK7]3GPP TSG RAN WG1 Meeting #92bis                                      R1-1804918
[bookmark: _Hlk510547229]Sanya, China, April 16th – 20th, 2018

Agenda item:    6.2.7.1.1.1
Source:             Qualcomm Incorporated
Title:                  Further discussion on Wake-up signal functions
Document for:  Discussion and Decision 
1. Introduction
[bookmark: _Hlk494181727][bookmark: _Hlk494181569]In  RAN1 #92 the following was agreed [1]: 
Agreement:
· Send LS Xiaolei- (HiSilicon) to RAN4 (CC: RAN2) on the feasibility of RRM measurement relaxation in the part on NB-IoT WUS.
· If RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS, the working assumption is automatically confirmed.
Working assumption
	on NB-IoT WUS:
· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS
· The RRM measurement relaxation is enabled/disabled by the network.
· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.
· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.
· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles
· FFS for eDRX case
· FFS whether N depends on the length of PTW.
· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.
· FFS for other DRX cycles and values of N
· FFS whether N is fixed, configurable, or depends on the DRX cycle

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.



In this contribution, we discuss the capability of WUS receiver with different architectures. We also provide our views on WUS/DTX with synchronization considering the impact of RRM measurement relaxation. Also, we find a new issue for NB-IoT WUS/paging on non-anchor carrier, to be discussed in Sect. 4. At the end, we follow up our consideration on the connected mode DRX. 

2. Wake-up Receiver Architecture
[bookmark: _Hlk498458909][bookmark: _Hlk498458936]It is possible to consider different HW architectures for more power efficiency. One example is shown in Figure 1. NPDCCH monitoring involves complex baseband processing but detection of wake-up signal may be possible by new low power wake up receiver (e.g. that maybe does just correlations). The wake-up receiver runs only to detect the wake-up signal. The full baseband modem is turned on only when the wake-up signal is detected. This enables extracting even more gains than just those obtained by reducing the awake time. Note that the wake-up receiver and baseband modem block-level partitioning shown in Figure 1 is conceptual and there are a number of ways to realize in actual HW implementation, including operating WUS detection as a low power mode functionality of the modem.


[bookmark: _Ref490169342]Figure 1: Wake up receiver architecture

The WUS is detected by using different types of receiver architectures should be taken into account. 
· Type I: separate receiver to detect the legacy sync signals and WUS.
· Type II: same receiver to detect the legacy sync signals and WUS. 
In case of Type I, for best power saving, the UEs use the WUS for synchronization without reusing the legacy SYNC signals. It requires the WUS signals to be very robust against the timing/frequency drift, at least no worse than that legacy signals. After the WUS detection, the UE could decide to switch on the full-baseband modem for NPDCCH detection. But without any sync prior to WUS, the WUS duration has to be extended very long due to the timing/frequency ambiguity. 
In case of Type II, the WUS signal could still rely on at least part of the legacy signals, e.g., NPSS, for initial timing synchronization, or full legacy signals, e.g., NPSS/NSSS/CRS/NRS, for fine synchronization. The UE may also switch between different modes for non-coherent or coherent WUS detection. After detecting the WUS, the UE will start the processing of the NPDCCH. The time it takes to get ready for processing NPDCCH may be shorter than Type I, because some portion of the baseband modem may be switched on already. Once the WUS detected, there should be a gap between the end of WUS max duration and associated PO so that the software can be loaded/updated. For eDRX after deep sleep, the longer processing time may be required, e.g., as long as 1s~2s, to load/update the full image. For DRX with light sleep, the UE receiver would have full image handy on chip’s memory so that shorter gap, e.g., 10ms~100ms may be sufficient. Therefore, the gap should be configured based on the UE capability of the required minimum processing time in different DRX/eDRX scenarios. As illustrated in Figure 2, it is possible to configure short/long gap for DRX UE1 and eDRX UE2, respectively. 
[image: ]
Figure 2 Gap between the end of WUS duration and associated PO

Observation 1: WUS with or without using existing sync signals is depending on the UE receiver architecture.
Observation 2: The gap between the end of WUS max duration and associated PO should satisfy required UE processing time for DRX/eDRX scenarios.
Proposal 1: The WUS resource configuration including the WUS duration and the gap between the end of WUS max duration and associated PO should consider the UE capability of processing time. 

3. WUS/DTX with synchronization function
According to the working assumption in RAN1#92 meeting, if UE is allowed to relax RRM measurements, i.e., to do once every M DRX cycles, the WUS provides synchronization function, of up to the timing/frequency offset resulting from not synchronizing for M DRX cycles. 
Compared by always relaying on legacy sync signals, the WUS with sync function could shorten the sync time after light sleep. However, too large time of M DRX cycles, the UE may need do re-acquisition based on WUS, which resulting in significant increase of WUS duration. As evaluated in [4], the WUS duration may be required 4x larger but the additional power saving gain is very limited, less than 20%. 
After non-sync during M DRX cycles, the time drift could be as large as M*T*(5ppm), where T is the DRX cycle and frequency error is 900MHz*(5ppm), based on the assumption in Appendix. The corresponding timing/frequency hypotheses also significantly increase the detection complexity. It is reasonable to relax the serving cell RRM measurement when the UE is configured with a DRX cycle shorter than the current largest DRX cycle, i.e., Tmax=10.24s for NB-IoT. For a UE configured with DRX cycle of T<10.24s, UE may relax its serving RRM measurement periodicity by up to M times where M=10.24/T. We have a parallel paper in RAN4 [5], which have more detailed discussion on the feasibility and requirement of RRM measurement relaxation as well as the criterion for the qualified UE as a low mobility UE. From the aspect of WUS configuration, the eNB should configure longer WUS duration to support sync function, taking into account the RRM measurement relaxation with M DRX [6].
Proposal 2: Support WUS with synchronization of up the timing/frequency offset resulting from not synchronizing due to the RRM measurement relaxation of M DRX cycles≤10.24s. 

4. SINR estimation on Non-anchor carrier
For NB-IoT, the anchor carrier is used for synchronization between the eNB and the UE, and the anchor or non-anchor carrier could be used for paging.  The RRM measurements of the anchor carrier are to be performed every DRX cycle, or M DRX cycles if RRM measurement relaxation is allowed.  Such RRM measurement (e.g., RSRP) will be used to determine whether the UE is to reselect an anchor carrier/non-anchor carrier pair. However, due to the anchor carrier and non-anchor carrier being separated by a large frequency distance and having different power characteristics, the anchor carrier and non-anchor carrier may be subject to different levels of interference.  Therefore, the quality of the anchor carrier may not be same as that of the non-anchor carrier.  
Currently, the NRS is present only if the paging is present. If a paging is not present via the non-anchor carrier considering the low paging probability, the UE may not be able to determine the quality of the non-anchor carrier. The quality on the non-anchor carrier, e.g., SINR, is very useful for UE to carry out early termination for both WUS and NPDCCH detection. In order to enable the quality measurement of the non-anchor carrier even when a page is not received, we propose to let NRS available to the UE during a paging occasion regardless of whether a paging is present or received via the non-anchor carrier.  Based on the periodic NRS transmission on the non-anchor carrier for paging, the UE is able to estimate the SINR, similar as that of anchor carrier. Such NRS could also be used for RRM measurement and the UE does not need to tune to anchor carrier every DRX cycle or every M*DRX cycles. For overhead control, it could be configurable on how frequently sent NRS and how many NRS tones during the scheduled paging occasions.  
Figure 3 shows the potential power saving gain of NPDCCH detection (no WUS mode) by using NRS sent in the paging occasion of non-anchor carrier. We assume the 16 NRS tones (port0) of 8 subframes are present in every DRX cycle of 2.56s. The additional overhead is less than 0.03%. Relative to the case with no NRS, the power saving gain is huge for UEs with good coverage due to the early termination of NPDCCH based on the SINR estimation using the NRS. The gain is increased for larger Rmax, even reaching 80% in case of Rmax=256 for MCL≤144dB. 
[image: ]
Figure 3 Power saving gain comparing the case with NRS and without NRS in non-anchor carrier 

Observation 3: Compared with no NRS, the NRS in paging occasions on non-anchor carrier could achieve significant power saving gain for the UEs with good coverage by early termination based on the SINR estimation using the NRS. 
Proposal 3: Propose to send NRS in paging occasions on a non-anchor carrier regardless of whether a paging is present or not to enable the quality measurement. 
5. Power Saving for Connected Mode DRX
From the perspective of power analysis, there is a lot of commonality between idle mode DRX and connected mode DRX, for the “no page” or “no grant” scenario where UE monitors the WUS and does not detect it. We can assume that ON duration is one NPDCCH period (which corresponds to typical C-DRX setting for NB-IOT), so even in the case of false detection of WUS, the resultant PDCCH decoding workload would be the same across I-DRX and C-DRX.
For C-DRX, the agreement to introduce wake-up signalling also proposes several signalling candidates [3]. The list includes not only wake-up signal (WUS) and go-to-sleep signal (GTS), but also downlink control information (DCI). While for idle mode paging, wake-up signal is clearly the best suited candidate. If we also want to improve power saving for connected mode DRX, it is worthwhile to at least evaluate the power saving for all the candidates. 
C-DRX has a number of key differences with I-DRX paging, that should be considered when designing wake-up signal resource configuration. The WUS for C-DRX may have stronger need for UE-specific signalling due to potentially higher scheduling rate compared with typical paging rate. If group signalling is used without a way to separate the signal for individual UE, power saving benefit could diminish if the scheduling rate is not low enough. This also leads to another issue: Multiplexing of WUS confined with WUS occasion may not be sufficient to provide the number of dimensions needed across many UEs. The WUS waveform for the idle paging is discussed in our parallel contribution [6], where the waveforms is similar to NSSS which supports a large number of hypotheses. If WUS is considered for C-DRX, the power saving signal could reuse the WUS waveform with extended dimensions in code/time/freq domain. Since the larger power saving gain is achieved for shorter DRX in idle mode, as observed in [6], the WUS power saving will be substantial in case of C-DRX as well. 
Proposal 4: Support power saving signalling for C-DRX.
6. Summary
The observations and proposals made for WUS functionality are summarized below.
Observation 1: WUS with or without using existing sync signals is depending on the UE receiver architecture.
Observation 2: The gap between the end of WUS max duration and associated PO should satisfy required UE processing time for DRX/eDRX scenarios.
Proposal 1: The WUS resource configuration including the WUS duration and the gap between the end of WUS max duration and associated PO should consider the UE capability of processing time. 
Proposal 2: Support WUS with synchronization of up the timing/frequency offset resulting from not synchronizing due to the RRM measurement relaxation of M DRX cycles≤10.24s. 
The observations and proposals for non-anchor NRS are summarized below:
Observation 3: Compared with no NRS, the NRS in paging occasions on non-anchor carrier could achieve significant power saving gain for the UEs with good coverage by early termination based on the SINR estimation using the NRS. 
Proposal 3: Propose to send NRS in paging occasions on a non-anchor carrier regardless of whether a paging is present or not to enable the quality measurement. 
The proposal for C-DRX is:
Proposal 4: Support power saving signalling for C-DRX.
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[bookmark: _Hlk494368577]Appendix: Power Models Used for Simulation
The power models and simulation assumptions to be used for analysing the power savings were also agreed in [2] and are shown in Table A1-A2 below. Note that these models are used to obtain a rough estimate of power savings and may not represent the actual power consumption/savings. 
Table A1: Power model [2]
	Operating mode
	Power [units/ms]
	Total ramp up or ramp down time [ms]
	Notes

	Idle, deep sleep
	0.015/[0.05]
	
	Deep sleep during PSM and eDRX,
depending on UE architecture.

	Transitions to or from deep sleep
	50
	200/[25]
	Boot, reload memory etc.,
depending on UE architecture.

	Transitions to or from light sleep
	50
	15
	Boot, reload memory etc.,
depending on UE architecture.


Table A2: Scenarios for feNB-IoT [2]
	Scenario
	A
	B
	C

	eDRX cycle [s]
	-
	20.48
	327.68

	DRX cycle [s]
	2.56
	1.28
	1.28

	#POs/PTW
	1
	4
	4

	Paging rate [%]
	10
	10
	10
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