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Introduction
[bookmark: _Ref421460494]During RAN1 #92bis meeting, the following agreement and working assumption were made [1] regarding the configuration and procedures for power saving signals for the improvement of power efficiency and latency reduction in feNB-IoT:
Agreement:
Confirm the following working assumption 
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
· Note: the above applies to at least the case where the gap is large enough for scheduling UE
· Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM
Agreement:
· 3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS
Note: Ericsson, Samsung, and Sony consider 3bits are waste.
Agreement:
· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value which is implicitly or explicitly configured and is an absolute number of subfames 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
· FFS: whether to define UE capability for wake-up time 
Agreement:
WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries SIs other than SIB1.
· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.
· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced
In this contribution, we discuss the configuration of the non-zero gap between the WUS and the associated PO, subgrouping of UEs associated to a WUS and the collision handling of the WUS with other SI messages and other POs.

Discussion
2.1 Explicit vs. Implicit configuration of non-zero gap between WUS and PO:
In the previous meeting, there has been discussion regarding the non-zero gap from the end of the configured maximum duration of the WUS until the start of the associated PO. It was left FFS whether the non-zero gap is explicitly or implicitly derived [1]. In this subsection, we discuss about this open issue below.  
Consider the case that the parameters of maximum WUS duration and the minimum offset between WUS and PO are cell-specific and broadcast in the system information. In that case, for a UE that is capable of WUS, the starting subframe of the WUS is determined by the UE by calculating the PO location and then working backwards from it to subtract the maximum WUS duration and the configured minimum offset. If this location falls on an invalid subframe, then the UE determines the start location of WUS by finding the first valid subframe after this calculated location. The UE determines the start position of the WUS using the value of the maximum transmitted WUS duration and the minimum non-zero gap. If the WUS gap offset is configured explicitly, there is some concern that the eNB may not be able to guarantee the precise value of this gap as the starting location of the WUS may collide with an invalid subframe and must be postponed, thus affecting the value of the gap. However, in this case, the fact that the actual transmitted duration of the WUS can be shorter than the maximum configured duration provides the requisite flexibility that is needed to maintain the minimum gap i.e. the actual gap can be bigger than the explicitly defined minimum gap.
The following are the steps for the above described problem:
1. The eNB always configures the maximum WUS duration to be at least 1 level above the maximum coverage level it intends to support to account for invalid subframes.
2. The eNB signals the minimum non-zero gap that it will support between the end of maximum WUS duration and the start of the PO using a system information broadcast message to signal the information of the non-zero gap. Note the actual gap may be larger than this minimum non-zero gap since the actual transmitted duration of the WUS may be shorter than the maximum configured duration, depending on the coverage level of the UE that is being paged. The point of signaling the minimum non-zero gap is to ensure that the UE is able to calculate the start frame of the WUS with accuracy 

Proposal 1: 
· The non-zero gap from the end of the configured maximum duration of the WUS until the start of its associated PO should be explicitly defined to be within a minimum value.

There is also the question regarding whether it is useful for the UE to inform the network of a UE-specific gap. This option is useful from the UE perspective, though may be difficult for the network to support in practice. However, it is possible to include this information in RRC message and it can be up to the network to use this information in configuring the non-zero gap for the cell. 

Proposal 2:
· The UE has the capability to inform the network of its preferred non-zero gap value for WUS-capable UE. The use of the UE-provided non-zero minimum gap value is up to the network. 

2.2 Collision of WUS with other signals
The WUS may collide with known signals such as NPSS/NSSS/NPBCH/SIB1-NB or other SI messages. The location of such signals is known to the UE a-priori by reading the cell parameters before going to Idle state. On the other hand, the location of all POs within the system is not known to the UE as the PO location depends on UE_ID and other cell-based parameters such as defaultPagingCycle (T), nB, Ns.
As can be seen from the figure below, for NB-IoT, the location of PO within a Paging frame may fall in the following subframes, over which at least in NB-IoT, there are also other scheduled signals.




Figure 1: Location of PO within a Paging Frame for Ns = 4.

The subframes #0, 4, 5, and 9 are configured for sending POs, but as can be seen from the figure subframes #0, 5 and 9 also can receive the NPBCH, NPSS and NSSS respectively. And the SIB1-NB and other SI messages may be scheduled anywhere within the remaining subframes. This makes it very likely that the PO will be postponed to the next valid subframe, i.e. subframe 1 or 6 for example. In this case, as can be seen the scheduling possibilities for the WUS become very narrow. It can be scheduled in either subframe #3 or subframe #8, for least likely collision possibilities with another PO. An example solution to avoid the WUS colliding with the PO would be as follows: The WUS is configured to be transmitted in subframes other than #0, 4, 5 and 9. For example, it could be configured to be sent in subframes #3 and #8. To calculate the WUS starting frame, calculate the PO location nearest to the maximum WUS duration + the non-zero minimum offset, i.e. WUS Starting Frame (WSF) is calculated as follows:
WSF= PF – (Config. Max WUS duration + Min. Gap), where PF = Paging Frame (calculated according to existing procedures).
If SF < 0, then WUS Frame = 1024 + SF
And the WUS subframe is denoted by another parameter namely Ws, which could be either 3 or 8.  
Another possible way to minimize collision of WUS with PO is to configure non-anchor carriers for WUS and PO since that would ensure that the PO does not collide with SI messages and thus, the PO is not postponed to other subframes where the WUS may be transmitted. The fallback to WUS and PO colliding when the WUS and PO are scheduled in the same subframe, is that the WUS is either punctured by the PO or disabled altogether to ensure that legacy UEs can detect the Paging message correctly as there is no way a WUS-enabled UE can correctly predict that the PO is being sent at the same time as the WUS since the PO may be for some other UE altogether.

Proposal 3:
· To ensure that the WUS does not collide with the legacy PO, the WUS can be configured such that the WUS is configured to appear in subframes other than those configured for PO. An additional WUS offset parameter may be introduced to ensure this.

Proposal 4:
· In case the WUS and PO collide, the WUS may be punctured by the PO (if only a small part of the WUS collides with the PO) or the eNB may choose to disable WUS functionality due to performance impact on legacy UEs. 

Sub-group of UEs and allocation of resources for WUS: 
The power savings achieved by a UE are increased as the UE wakes up less often to monitor a Paging message not directed to itself. Thus, if we reduced the number of UEs monitoring the WUS compared to the ones supposed to be monitoring the PO, we can obtain greater power savings. This could be achieved by creating sub-groups of UEs. However, the savings also depend on paging frequency. In most scenarios of NB-IoT, the device may remain in WUS monitoring mode for a very long time before being paged, i.e. it may receive a message once every few hours. In that case, if the paging frequency itself is very small, we may not need to do sub-grouping of WUS UEs. 

Observation 1: 
· Sub-grouping of WUS UEs is not very useful if the paging frequency is already very low < 1%.

[bookmark: _GoBack]For cases where paging frequency is high, it is beneficial to support sub-grouping of UEs. Whether the resource allocation of WUS into sub-groups can be assigned based on separate resources in time domain, i.e. the WUS occasions are assigned over different sub-frames, is dependent on the number of UEs assigned for a WUS and the duration of the WUS required. In general, time-domain assignment of resources for separate sub-groups of WUS can consume a very high number of resources, essentially doubling the network resource use (assuming 2 sub-groups). Other methods such as using the same time-domain resource but different sequences might need to be used for sub-grouping options to reduce the overhead from WUS. Given that the use of WUS requires the use of valid subframes, the greater the number of WUS occasions, the more likely there will be fragmentation of the network resources and less scheduling flexibility for the eNB. 
Observation 2: 
· Sub-grouping of WUS UEs using separate time-domain resources may be difficult to accomplish due to the high network resource overhead involved. 

Proposal 5:
· For a given cell, sub-grouping the UEs monitoring a WUS is configurable and can be enabled/disabled by the network.

Conclusions
In this contribution, we discuss the configurations of WUS for feNB-IoT and have the following observations and proposals:
Observation 1: 
· Sub-grouping of WUS UEs is not very useful if the paging frequency is already very low < 1%.

Observation 2: 
· Sub-grouping of WUS UEs using separate time-domain resources may be difficult to accomplish due to the high network resource overhead involved. 

Proposal 1: 
· The non-zero gap from the end of the configured maximum duration of the WUS until the start of its associated PO should be explicitly defined to be within a minimum value.

Proposal 2:
· The UE has the capability to inform the network of its preferred non-zero gap value for WUS-capable UE. The use of the UE-provided non-zero minimum gap value is up to the network. 

Proposal 3:
· To ensure that the WUS does not collide with the legacy PO, the WUS can be configured such that the WUS is configured to appear in subframes other than those configured for PO. An additional WUS offset parameter may be introduced to ensure this.

Proposal 4:
· In case the WUS and PO collide, the WUS may be punctured by the PO (if only a small part of the WUS collides with the PO) or the eNB may choose to disable WUS functionality due to performance impact on legacy UEs. 


Proposal 5:
· For a given cell, sub-grouping the UEs monitoring a WUS is configurable and can be enabled/disabled by the network.
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