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Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][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 wake up signal configuration
WUS duration
For maximum WUS duration, in RAN1# 92, the following agreement [2]  has been reached:
· The list used for configuring maximum duration of WUS at least depends on Rmax associated type 1 CSS, and FFS the number and exact values of the scaling factors between maximum duration of WUS and Rmax associated type 1 CSS
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. FFS if the list:
· depends on Rmax and if so the number of lists specified
· is a single list for all Rmax
Note: the Rmax refers to the one configured for paging
Considering for paging, Rmax range from 1 to 2048, and the fact that normally the information carried in WUS is less than NPDCCH, the maximum duration of WUS shall be less that R_max. One scaling factor list can be used, for example [1 1/2 1/4 1/8 1/16 1/32 1/64 1/128]. As the WUS duration can be different for cell specific WUS and PO specific WUS, the scaling factor used can be different.
Proposal 1: One scaling factor list can be used and cell specific WUS and PO specific WUS can have different scaling factor.
For actual WUS duration, the following agreement was reach in previous RAN1 meetings:
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. 
· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
 Since the actual WUS transmission duration could be equal or less than the configured maximum WUS duration, UE detection complexity increases with the possibility of actual WUS transmission length. To limit the UE complexity, eNB could configure a finite set for all possible WUS transmission duration. For example, the following set [1, 1/2, 1/4, 1/8 ] will reduce the UE blind detection time to 4 times. 
Proposal 2: Actual WUS transmission length is based on maximum configured WUS duration and a scaling factor list.  
For cell specific WUS with synchronization, since it carries the synchronization information for all the UE, it is preferable that the actual transmission is based on configured duration. Otherwise UE detection performance will be affected. Also, multiple possible transmission duration will also increase UE detection power consumption.
Proposal 3:  For cell specific WUS with synchronization, the actual transmission duration is the maximum configured duration.
Gap configuration
 In RAN1# 92, the following agreement [2] has been reached:
· There is a non-zero gap from the end of configured maximum WUS duration to the associated PO
· FFS: exact value of non-zero-gap
· FFS if it is fixed in spec or configurable explicitly, or known implicitly from other configured parameters
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 non-zero-gap will be used to process WUS, or used to reduce the collision with other terminal, synchronization signal reception, or fine tuning of synchronization. For cell specific WUS with synchronization, the position of WUS can be decided by the configured periodicity. The periodicity configuration shall satisfy the minimal processing time requirement. For PO specific WUS/DTX, the value of non-zero gap, WUS duration and the PO position will implicitly decide the WUS/DTX starting position. The value k can be configured by higher layer. 
Proposal 4: For cell specific WUS/SYS, the non-zero-gap is known implicitly by period of WUS/SYS; For PO specific WUS/DTX, the non-zero-gap is configured by higher layer. 
UE Grouping
 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.
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. If more codes are used to differentiate different groups, 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 times. In order to meet the same detection requirement, the length the of WUS sequence has to be increased and corresponding the UE power consumption will increase. Also, based on previous agreement,,WUS actual transmission duration can be shorter than the configured maximum duration of WUS. If the actual duration of WUS corresponding to each sub-group is different, the cross correlation property of different WUS between different sub-group cannot be guaranteed. This potential problem makes CDM based WUS sub-grouping not desirable. TDM based approach can avoid this problem, however, TDM associated with more time resources, and  if more time resource are used to differentiate different groups , the overhead with reduce the overall system efficiency. Note with the increase of system overhead, more collision between WUS and other DL signal will increase.
Observation 1：CDM based WUS will introduce more UE detection power consumption. Also, different transmission duration will negatively impact the cross correlation property between WUS of different sub-group.
Observation 2: TDM based WUS does not require increased detection power consumption, but at the cost of higher system resource usage.
 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 5:Unless satisfactory WUS detection performance can be guaranteed, PO subgroup is not supported. 
WUS detection reliability
For the UE using WUS that is configured, if the UE detects WUS, the UE will go on to detect PDCCH. If the UE cannot detect WUS, the UE will not detect PDCCH. However, the failure to detect WUS is also affected by the coverage of WUS. The worst case is when UE is not aware that it is outside the coverage of WUS and is always trying to detect WUS. Since the WUS could be DTXed, so the UE has no idea if DTX happens or if an out-of-coverage happens when it fails to detect WUS . To avoid the above situation eNB could configure long enough WUS duration so that the WUS can cover all the UE in the cell. However, this will require large DL resources and in some deployment scenario this is  not desirable.  If cell specific WUS with synchronization is configured, UE can also acquire the WUS coverage information via detection of cell specific WUS with synchronization.  
If the UE cannot reliability detect if it is within the coverage of WUS, it could happen that it will not receive any paging message if it only detects WUS. Therefore, backoff PO could be introduced to avoid this worst scenario. For backoff PO, the UE will not use WUS and it can only use legacy PDCCH detection. When eNB finds that a certain UE cannot detect paging multiple times, the eNB can sent the paging in the backoff PO. Since the UE will anyway detect PDCCH of this backoff PO, the deadlock will be prevented.  
Proposal 6: Configure Backoff PO as the baseline for ensuring WUS reliability. 
 Other issue
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. 
[bookmark: _GoBack] Proposal 7: For  collision handling of WUS with other DL transmission, consider WUS as the same priority as the legacy paging.

Conclusions
In this contribution, we have discussed on WUS configuration for NB-IoT. We make the following observations and proposals:
Observation 1：CDM based WUS will introduce more UE detection power consumption. Also, different transmission duration will negatively impact the cross correlation property between WUS of different sub-group.
Observation 2: TDM based WUS does not require increased detection power consumption, but at the cost of higher system resource usage.

Proposal 1: One scaling factor list can be used and cell specific WUS and PO specific WUS can have different scaling factor.
Proposal 2: Actual WUS transmission length is based on maximum configured WUS duration and a scaling factor list.  
Proposal 3:  For cell specific WUS with synchronization, the actual transmission duration is the maximum configured duration.
Proposal 4: For cell specific WUS/SYS, the non-zero-gap is known implicitly by period of WUS/SYS; For PO specific WUS/DTX, the non-zero-gap is configured by higher layer. 
Proposal 5:Unless satisfactory WUS detection performance can be guaranteed, PO subgroup is not supported. 
Proposal 6: Configure Backoff PO as the baseline for ensuring WUS reliability. 
 Proposal 7: For  collision handling of WUS with other DL transmission, consider WUS as the same priority as the legacy paging.
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