[bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK13][bookmark: OLE_LINK12][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #90bis                                             R1-1717208
Prague, Czech Republic, 9st – 13th October 2017
Source:               ZTE, Sanechips 
[bookmark: OLE_LINK19]Title:                    Discussion on wake up signal configuration for NB-IoT
Agenda item:      6.2.6.1.1.2
Document for:    Discussion and Decision

Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN #75 meeting, new WID RP-170852 on Even Further NB-IoT enhancements was agreed as working agreement [1]. One of the objectives is to reduce power consumption.
· 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]
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
In RAN1# 90, the following agreement [2] has been reached:
· For idle mode,
· The power saving signal in a cell supports being applied to FFS between:
a) All the UEs associated to a PO in the cell
b) A group of more than one of the UEs associated to a PO in the cell
c) Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between
· A single PO only 
· One or more than one PO (details are FFS)
· The power saving signal applicable to a UE is sent on the same paging carrier as the associated subsequent physical channel(s)
For the first issue, in scheme b), UEs for the same PO are grouped, with each group corresponds to one signal. The intention is to reduce the number of detection times for PDCCH. Grouping can be achieved via code division or time division. For code division, same sequence is used for all the UEs in the group. Considering limited number of available sequence  and the vast number of UE_ID (32 bit or at least 15bits),  it is very hard to reduce the number of PDCCH detection. For time division, UEs in different group need to be allocated with different time resource, which could leads to extreme large resource overhead. Based on the above analysis, it is preferred to selection alt a).  
Proposal 1: The power saving signal in a cell supports being applied to all the UEs associated to a PO in the cell.
For the second FFS, the advantage for scheme b) is, if detection of the first PO’s PDCCH is wrong, the terminal will not need another detection of the signal, it can directly detect PDCCH therefore the power consumption is reduced. However, paging is transmitted within the scope of TA using TM mode, and there is no feedback. Also, the eNB doesn’t know the cell at which the UE is monitoring paging, so there is no Uu retransition of paging. In another words, if eNB send UE1 paging in DRX cycle 1, then it will not send paging again to the same UE in DRX cycle 2 and 3. The characteristic of the signal and PDCCH is similar so if the first PDCCH is not received correctly, then the signal most likely will also be wrong. If the signal is also used for synchronization, when the second PDCCH arrives, the synchronization is probably already lost. Then the UE will have to first achieve synchronization before it can detection PDCCH. This will negate the purpose of power consumption reduction . Also if miss detection or incorrect detection happens, the impact will be more serious.
Proposal 2: The power saving signal applies to a single PO only from the UE perspective. 
For the third FFS, first we need to know the multiple PO is from the same UE or different UE. If they are from the same UE, then the issue will be the same of the second issue that was discussed. If the POs are from different UE, then there are two cases: 1) Multiple POs are from one DRX; 2) Multiple POs are from multiple DRX. One example is given below, where WUS is applied to multiple POs from multiple DRX.


Figure 1  Relationship of WUS and PO
If all the UE in one or multiple DRX ‘s detection of PDCCH all based on the detection result of WUS, this greatly increase the probability of PDCCH detection therefore reduces the effectiveness of the power consumption reduction.
Proposal 3: The power saving signal applies to a single PO only from the eNB perspective. 
Based on the above analysis, we have the following proposal:
Proposal 4: The time domain location of WUS is implicitly indicated by UE’s PO.
Suppose the starting subframe which PO occupies is the subframe k, then the ending subframe for the WUS will be k-K subframe. The K subframe will be used to process WUS, or used to reduce the collision with other terminal, synchronization signal reception, or fine tuning of synchronization. The value k can be configured by higher layer.
Considering that WUS could also incorporate the synchronization function,  the number of OFDM symbol in  one subframe maybe the same as NPSS/NSSS. 
Proposal 5: The number of OFDM symbol in one subframe may be same as NPSS/NSSS. 
For the frequency location of WUS, it is suggested it should span the whole PRB.
 Proposal 6: The WUS/GOS should span the whole PRB. 

Conclusions
In this contribution, we have discussed the power consumption reduction for NB-IoT. We make the following observations and proposals:
Proposal 1: The power saving signal in a cell supports being applied to all the UEs associated to a PO in the cell.
Proposal 2: The power saving signal applies to a single PO only from the UE perspective. 
Proposal 3: The power saving signal applies to a single PO only from the eNB perspective. 
Proposal 4: The time domain location of WUS is implicitly indicated by UE’s PO.
Proposal 5: The number of OFDM symbol in one subframe may be same as NPSS/NSSS. 
Proposal 6: The WUS/GOS should span the whole PRB. 
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