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In previous meetings RAN2 sent LS to RAN1 about Wake-Up Signal and Paging Occasion (PO):
	RAN2#100 [1]
From RAN2 perspective, it is feasible to configure the WUS to be applied to a group of UEs associated to one PO. It should be noted that some companies have raised concerns about the benefit and added complexity.
RAN2#101 [2]
From RAN2 perspective, it is feasible to apply one wake-up signal to multiple POs in a PTW. The number of POs mapped to one WUS should be configurable by the eNB.


Moreover, in RAN1#92, the following working assumptions and agreements were made on aspects of NB-IoT WUS configurations:
	Mapping of WUS to PO / UE groups
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
· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.
· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.
Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.
Maximum / actual duration and non-zero gap for WUS 
Agreements
· 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
· 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
· The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configurable
· FFS the minimum duration
· FFS the configuration is explicit or implicitly derived
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In this contribution, we discuss several issues of NB-IOT WUS, including WUS & paging, scheduling of WUS, and so on.
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WUS monitoring considering mapping between WUS and PO
1.1.1 WUS overhead vs. PO monitoring frequency
According to eNB configuration, different numbers of UEs may be associated with a WUS. There is a trade-off between WUS overhead (radio resource usage) and PO monitoring frequency (power consumption) of UEs.
Since a UE has to monitor the PO if any UE in the same group is to be paged (i.e. WUS received), associating more UEs with one WUS means lower WUS overhead but higher PO monitoring frequency (and thus higher power consumption) for UEs. Also notice that the duration of WUS is determined by the UE requiring largest repetition, and the WUS overhead can be significant if many UE groups include at least one UE in deep coverage. In contrast, if fewer UEs are associated with a WUS, the PO monitoring frequency can be reduced, but the WUS overhead may increase. More details about WUS overhead vs. PO monitoring frequency can be found in [3].
Observation 1:	If fewer UEs are associated with a WUS, the PO monitoring frequency can be reduced, but the WUS overhead may increase.
1.1.2 One-to-one mapping between WUS and PO
In a baseline scenario where one PO is mapped to one corresponding WUS, the WUS monitoring behavior is simple: The UE calculates POs to be monitored, and wakes up a non-zero gap before each PO to monitor the potential WUS, as shown in Fig. 1. There is no impact on the PO monitoring, and no additional formula is introduced for the WUS monitoring.


Fig. 1	One-to-one mapping between WUS and PO
Proposal 1:	If one WUS is mapped to one corresponding PO, the UE calculates POs to be monitored, and wakes up a non-zero gap before each PO to monitor the potential WUS.
1.1.3 One-to-N mapping between WUS and PO
Multiple POs in a PTW (eDRX case)
When eDRX is applied, a UE may be configured to monitor POs within a Paging Time Window (PTW). From RAN2 perspective, it is feasible to apply one WUS to multiple POs in a PTW. In this case, the WUS is associated with multiple POs for the same group of UEs. As shown in Fig. 2, the UE calculates the first PO to be monitored in a PTW, wakes up a non-zero gap before the first PO to monitor the potential WUS, and wakes up in each PO in the PTW if it receives WUS.
Proposal 2:	If one WUS is mapped to multiple POs in a PTW, the UE calculates the first PO to be monitored in a PTW, and wakes up a non-zero gap before that PO to monitor the potential WUS.


Fig. 2	One-to-N mapping between WUS and POs in a PTW
If the above proposal is agreed, a WUS may be interpreted in different ways by different UEs in the same group. For UEs configured with normal, the WUS is associated with one PO; For UEs configured with normal, the WUS is associated with one PO. We need to study configurations (e.g., different non-zero gap for different UE) in this case.
Proposal 3:	Study the configurations for the case that one WUS serves both UEs in normal DRX and eDRX.
Multiple POs for different UE groups
Another kind of one-to-N mapping between WUS and PO is to associate one WUS to multiple POs of different groups of UEs, as shown in Fig. 3.


Fig. 3	One-to-N mapping between WUS and POs of different UE groups
While such association reduces the WUS overhead, it requires complicated formula for WUS monitoring behaviour. This configuration should not be supported.
Proposal 4:	One-to-N mapping between WUS and POs of different UE groups is not supported.
1.1.4 Sub-group of UEs associated to a PO
Fig. 4 shows WUS associated with sub-groups of UEs, which can be viewed as “N-to-one mapping” between WUS and PO. RAN2 LS has confirmed that this is a feasible scenario, with some concerns noted on complexity.


Fig. 4	WUS associated with sub-groups of UEs in a PO
While more WUS transmissions are needed for sub-groups of UEs, the overall WUS overhead may not increase that much since (1) some additional WUS may not require large number of repetitions (if none of the associated UE is in deep coverage), and (2) WUS sequences are orthogonal to each other and multiple WUS sequences can share the same time-frequency resource (if WUS can be CDMed). Since it is still FFS in RAN1 whether sub-grouping of UEs associated to a PO is supported for WUS, we may wait for RAN1 decisions before discussing the details.
Proposal 5:	Wait for RAN1 decisions on WUS association with sub-groups of UEs monitoring the same PO.
Scheduling of WUS
According to RAN1 agreement, there is a non-zero gap from the end of configured maximum WUS duration to the associated PO. From RAN2 perspective, a UE needs to know the start of the WUS duration so as to monitor the potential WUS. However, even if the repetition level is known (e.g., based on Rmax), it is hard for a UE to derive the start of WUS if a gap between the end of WUS and the associated PO is configured. This is because some DL subframes cannot be used, and the transmission of WUS must be continued in the next available subframes (similar to the problem we faced in paging transmission).
To facilitate WUS monitoring by UE, we suggest that the network provide an offset between the start of configured maximum WUS duration and the associated PO. The network is responsible to ensure that the non-zero gap from the end of configured maximum WUS duration to the associated PO is large enough.
Proposal 6:	The network provides an offset between the start of configured maximum WUS duration and the associated PO. The network is responsible to ensure that the non-zero gap from the end of WUS duration to the associated PO is large enough.
Other issues
Error protection mechanism
When WUS is configured, ideally a UE decodes paging DCI only if it receives corresponding WUS. However, if the WUS is sent but UE fails to receive it, UE is unable to receive the intended paging message. Therefore, a fallback mechanism is needed, e.g., the UE may have to monitor PO every 24h; the details can be further studied.
Proposal 7:	Study the error protection mechanism to ensure that a WUS-configured UE monitors PO even it fails to receive intended WUS.
WUS indication
Not every cell supports the transmission of WUS. Therefore, WUS indication should be provided in system information (i.e. at cell level). A UE monitors WUS only if it sees WUS indication in SI.
Proposal 8:	WUS indication is provided in system information (at cell level).
WUS in multi-carrier scenario
In multi-carrier scenario, the network may consider transmitting WUS and PO on different carriers, for example, WUS on anchor carrier, PO on non-anchor carrier, or vice versa. Since in most designs, WUS is to be received by a separated “small” receiver, we believe that it is valid to transmit WUS and PO on different carriers in multi-carrier scenario.
Proposal 9:	WUS and PO can be transmitted on different carriers in multi-carrier scenario.
Conclusion
We have the following observation:
Observation 1:	If fewer UEs are associated with a WUS, the PO monitoring frequency can be reduced, but the WUS overhead may increase.
It is proposed to discuss and decide on the following proposals:
Proposal 1:	If one WUS is mapped to one corresponding PO, the UE calculates POs to be monitored, and wakes up a non-zero gap before each PO to monitor the potential WUS.
Proposal 2:	If one WUS is mapped to multiple POs in a PTW, the UE calculates the first PO to be monitored in a PTW, and wakes up a non-zero gap before that PO to monitor the potential WUS.
Proposal 3:	Study the configurations for the case that one WUS serves both UEs in normal DRX and eDRX.
Proposal 4:	One-to-N mapping between WUS and POs of different UE groups is not supported.
Proposal 5:	Wait for RAN1 decisions on WUS association with sub-groups of UEs monitoring the same PO.
Proposal 6:	The network provides an offset between the start of configured maximum WUS duration and the associated PO. The network is responsible to ensure that the non-zero gap from the end of WUS duration to the associated PO is large enough.
Proposal 7:	Study the error protection mechanism to ensure that a WUS-configured UE monitors PO even it fails to receive intended WUS.
Proposal 8:	WUS indication is provided in system information (at cell level).
Proposal 9:	WUS and PO can be transmitted on different carriers in multi-carrier scenario.
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