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Introduction
[bookmark: OLE_LINK7][bookmark: OLE_LINK6][bookmark: OLE_LINK2][bookmark: OLE_LINK1]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 bis, the following agreement[2] has been reached:
· RAN1 assumes that introduction of WUS does not alter PO/PF definition
· At least in a UE’s DRX cycle:
· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a cell NB-IoT carrier;
· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a cell NB-IoT carrier
· Send LS to request RAN2 input on feasibility of UE groups for WUS
Agreements: 
· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 
· Include in the LS to RAN2, to request input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case 
The most straightforward design is that UEs for the same PO are grouped, with each group corresponds to one signal. The intention is to reduce the number of unnecessary 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. 
Even it may be  possible to further group UEs associated with a PO, this is not recommended. First of all, grouping doesn’t provide much benefit unless the paging rate is high, while the most common use case for wake-up signal is extremely low paging rate case. What’s more, if sub-grouping is used, then WUS resources (time, code etc) will be significantly increased. For example, if more codes are used to differentiate different sub-groups, then to meet the same detection requirement the length the of WUS sequence has to be increased. Finally, the WUS with the current paging mechanism is good enough for UE power saving as UEs are already grouped to monitor POs based on their UE_ID. If more power saving is really needed, we think one WUS for a PO with suitable PO density configuration can also achieve similar effect as WUS for UE groups. For example, the PO density can be increased, then the number of UE associated to one PO will be decreased. As fewer UEs are associated to a PO, the possibility of unnecessary PO monitoring after detecting WUS for a UE can be reduced.
Proposal 1: The power saving signal in a cell supports being applied to all the UEs associated to a PO in the cell.
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.
Proposal 2: The gap between WUS and PO is 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. For the frequency location of WUS, it is suggested it should span the whole PRB.
[bookmark: _GoBack]Another issue the collision handling between WUS signal and other downlink signal. The potential collision may include collision with system information and collision with search space (search space for RACH and SC-PTM). For handling collision with system information, when eNB configure WUS, it is suggested to provision WUS with valid subframe, which are not used for system information transmission. For handling with collision with search spaces, since WUS has same priority as paging, then similar handling criterion can be used.
Proposal 3: The number of OFDM symbol in one subframe may be same as NPSS/NSSS. 
Proposal 4: The WUS should span the whole PRB.
 Proposal 5: FFS collision handling of WUS with other DL transmission.
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 gap between WUS and PO is configured by higher layer.
Proposal 3: The number of OFDM symbol in one subframe may be same as NPSS/NSSS. 
Proposal 4: The WUS. should span the whole PRB. 
Proposal 5: FFS collision handling of WUS with other DL transmission.

[bookmark: OLE_LINK11][bookmark: OLE_LINK10]References
[1] 3GPP, RP-170852, New WID on Further NB-IoT enhancements, Huawei, HiSilicon, Neul, RAN #75
[2] 3GPP, Draft Report of 3GPP TSG RAN WG1 #90, v0.1.0



