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Discussion and Decision
1 Introduction

In RAN1 #90bis, the following working assumptions and agreements were made with respect to the study of techniques for power consumption reduction in idle mode paging [1]:

Agreements:

· Working assumption: WUS/DTX is adopted for the power saving signal for IDLE mode paging;

· The UE is configured with a transmission duration of WUS by higher layers

· The WUS signal may be decoded with or without relying on prior synchronization

· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered
Agreements:

· 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 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 NB-IoT carrier

· Send LS to request RAN2 input on feasibility of UE groups for WUS. (Xiaolei, HiSilicon, prepare draft LS in R1-1719102)

Working assumption:

· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:

· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)

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 

In this contribution, we provide our views on the configurations and procedures for the wake-up signal (WUS) for further enhanced NB-IoT and make some proposals.
2 Wake-up procedure
According to the working assumption in RAN1 #90bis, the WUS/DTX approach is chosen for the power saving signal in idle-mode paging. In our companion contribution [2], we discuss the functional aspects of the WUS. The discussion shows that the WUS can benefit from a new synchronization signal. It is relevant to first consider the RRM measurement behavior of an NB-IoT UE when configured with DRX or eDRX [3]. The UE measures the NRSRP and NRSRQ levels of the serving cell at least once every DRX cycle. It evaluates the measurements and if the measurement criterion is not met for a certain number of consecutive DRX cycles (within a PTW for a UE configured with eDRX), then the UE initiates cell reselection. The cell reselection provides cell ID information and frame synchronization. For the UE to monitor paging in the new cell, it must have the correct paging configuration and SFN timing in order to have the correct timing alignment with the paging message transmitted in the new cell. Furthermore, the cell ID is also used to decode the NPDCCH scheduling the paging message in the new cell. Therefore, the UE would then need to acquire the MIB to determine the SFN in the new cell, which may not be synchronized with the SFN in other cells. The UE then may also need to acquire system information in the new cell.

The sleep duration can be very large in eDRX (maximum of about 3 hours), so there is a concern that the drift of the UE oscillators over the sleep period may cause the timing and frequency errors to be too large to correct without resynchronization. These errors can affect measurement accuracy as well as decoding of channels.
An NB-IoT UE using the WUS mechanism would need to follow a similar procedure. From the perspective of reducing power consumption, however, it is desirable to use a new signal to enable the UE to quickly acquire synchronization so it can detect the WUS, perform RRM measurements, and perform cell reselection if necessary. If the UE is in the same cell, it can continue to monitor the paging occasion (PO) as before. If the UE needs to perform cell reselection, it obtains all the necessary information on WUS support from the new cell after acquiring broadcast information from the MIB and SIBs in that cell. Thus, if the new cell does not support the WUS, the UE falls back on the legacy procedure for monitoring paging.
Proposal 1: The wake-up procedure allows the UE to perform the required RRM measurements.
3 Wake-up signal length
The number of repetitions of the WUS required by the UE for correct detection depends on its coverage level. The eNB may choose to support either all UEs in the cell or UEs within a certain coverage level. The latter case is useful when the eNB determines that the WUS is most useful for UEs within a certain coverage level and for other UEs the additional overhead incurred is not worth the benefit. Indeed, the eNB may choose not to transmit the WUS for any UEs.
For UEs that are stationary, the eNB has knowledge of the last-reported coverage level. Therefore, when it pages the UE, it can transmit the number of repetitions corresponding to the UE’s coverage level. Since the UE knows this last reported coverage level, it can assume the same number of repetitions when it monitors the WUS. Therefore, the eNB need not transmit the maximum number of repetitions of the WUS that it supports every time, which avoids unnecessary wastage of resources consumed for transmitting the WUS. When the WUS is associated with a PO monitored by UEs in different coverage levels, the eNB can transmit the number of repetitions corresponding to the worst coverage level within that PO. Thus, a UE in better coverage level would have no problem with detecting the WUS, while on the other hand extra resources are not consumed by transmitting redundant repetitions. 

The eNB needs to broadcast information to enable the UE to correctly determine the number of repetitions corresponding to its own coverage level. The different numbers of repetitions supported may be associated, for example, with corresponding measured signal level thresholds. Then a UE capable of WUS signaling, if it is configured to receive the WUS, uses the number of repetitions corresponding to the last reported coverage level for detecting the WUS.
Proposal 2: The eNB supports transmission of different number of WUS repetitions targeting only the worst coverage level of UEs monitoring the PO with which the WUS transmission is associated.

Proposal 3: The UE uses the last reported repetition level for detecting the WUS.

When a UE determines that the highest repetition level supported in the cell is not sufficient for itself, it is effectively not configured for WUS detection within that cell. The UE then does not use the power-saving signal and directly monitors the paging channel within that cell.
Proposal 4: A UE that is WUS-capable directly monitors the paging channel if the highest repetition level supported in the cell is insufficient.

It may be beneficial for an individual eNB to enable or disable the use of the WUS depending on the assessed benefit of supporting it in the cell when also considering the additional resource overhead incurred. Therefore, the eNB should be able to broadcast whether WUS transmission is enabled in the cell. The information on the different repetition levels that the eNB supports can be indicated if WUS transmission is enabled.

Proposal 5: The network can enable or disable use of the WUS for the whole cell through broadcast signaling.
Proposal 6: If WUS transmission is enabled in the cell, the eNB indicates in system information the different repetition levels it supports.
On the other hand, it may also be advantageous to allow each UE to be individually configured to use this technique depending on the cost-to-benefit assessment. It has been observed that the extent of power consumption reduction realized depends on the use-case. Thus, a UE in large coverage enhancement and/or a UE that wakes up frequently can achieve larger savings. It would, therefore, be beneficial for the network to be able to control whether each UE uses this technique. It may also be desirable for the network to completely disable this technique in an entire cell.

Proposal 7: The network can enable or disable use of the WUS for each UE through higher-layer signaling.
Based on the above approach, although individual WUS transmissions may be of different lengths, the transmission timing must be unambiguous and must accommodate the highest WUS repetition number supported, which is the transmission duration configured for the UE per the agreement noted above. Therefore, a WUS window can be defined to be associated with each PO. The highest number of WUS repetitions then spans this entire window. The time corresponding to the beginning of this WUS window is then the wake-up occasion (WO). The timing offset of the WO relative to the PO can be signaled by the eNB. Alternatively, the timing offset of the end of the WUS window relative to the PO can be signaled. The WO is then obtained by adding the duration of the WUS window (obtained from the highest number of repetitions) to this offset. As some companies have suggested, the benefit of having a configurable offset is that it can take advantage of different UE capabilities for detecting and processing the WUS. While this advantage may not be significant, the flexibility to configure this offset may still be desirable. Therefore, we support the working assumption on the time location of the WUS relative to the PO.
Proposal 8: The offset of the WO relative to the PO is configurable and depends on the maximum length of the WUS.
When the eNB transmits fewer than the maximum number of repetitions within the WUS window, the alignment of the WUS within this window must be fixed. Two alternatives worth considering are:

1. The beginning of the WUS is always aligned with the beginning of the WUS window.

2. The end of the WUS is always aligned with the end of the WUS window.

These alternatives are illustrated in Figure 1(a) and Figure 1(b), respectively. In the figure, Tmax is the duration of the WUS window, spanned by the maximum number of repetitions and ( is the offset of the PO relative to the end of the WUS window. With either of these alternatives, a UE that has already acquired accurate synchronization correctly monitors the WUS for its own repetition level.

[image: image1.emf] 


Figure 1. WUS transmission timing
A UE that is mobile may move to a different coverage level from the one that it last reported to the eNB. In this case, the eNB still uses the number of repetitions corresponding to the last known repetition level. Since the UE knows its last reported CE level, it uses this information for correct WUS detection. If the UE has moved to better coverage level, then the eNB transmits more repetitions than the UE needs, so the UE has no problem with detecting the WUS. On the other hand, if the UE has moved to a worse coverage level, it can still attempt to detect the WUS. This may lead to higher probabilities of false alarm and missed detection. A false alarm leads to the UE unnecessarily consuming more power by monitoring paging. On the other hand, with missed detection the UE misses the page. After a certain number of paging attempts, the eNB can transmit the WUS with the next higher configured number of repetitions.

4 UE grouping
The WUS indicates to the UE whether it is required to monitor the PO with which the signal is associated. A UE configured with DRX wakes up from sleep before the PO and looks for the WUS at a predetermined time. Depending on the design, the WUS can either trigger all UEs corresponding to the PO to monitor the PO or a group of UEs. In the former case, when there is a page for any UE at a PO, all the UEs sharing the PO are also woken up. The latter case allows the UEs to be divided into smaller groups such that fewer UEs are woken up unnecessarily. The former approach may require the wake-up signal to distinguish between closely located POs. This is because WUS durations associated with different POs may overlap in time because of repetition. Then a UE may detect a WUS transmission associated with a different PO even when it has accurate timing. The details are discussed in our companion contribution [4].
Observation 1: The wake-up signal must distinguish between different paging occasions to prevent false alarm.
In the latter approach, the wake-up signal must further identify the group of UEs within that PO being paged. If there is a large number of UEs associated with each PO, then in any PO there may a high probability of at least one UE being paged. In this case, if the wake-up signal triggers all these UEs to monitor the PO, then the power savings achieved with the wake-up signal may not be significant. In such instances, it would be beneficial to divide the UEs associated with the PO into smaller groups that are separately triggered to monitor the PO after detection of the WUS. To realize substantial savings, however, the paging rate of an individual UE within a PO must be small relative to the paging rate of any one UE within the PO. Thus, if a UE is rarely paged but if it shares the PO with other UEs that are frequently paged, then it would be beneficial to separate the first UE (and others like it) into a separate group that is associated with its own WUS. Similarly, if so many UEs share a PO such that at least one UE is paged frequently although individual UEs are rarely paged, grouping can again help to wake up UEs less frequently. It is not clear, however, that there would be a substantial power-saving benefit with grouping in practice and RAN2 input is awaited.
One approach for grouping that may offer some benefits is based on WUS repetition level. With this approach, all UEs in a group require a WUS with the same number of repetitions (among the supported levels). Thus, the eNB can transmit the WUS associated with each group using the corresponding number of repetitions. Therefore, when a UE at the smallest repetition level must be paged, only the corresponding number of WUS repetitions are transmitted since there are no UEs requiring a higher number of repetitions in the same group. This frees up DL resources that would otherwise be wasted. Alternatively, UEs in different repetition levels can be assigned non-overlapping paging frames (PFs) and POs. This would require changing the calculation of the PF/PO, however. In this case, the time location for the WUS corresponding to each repetition level can be independently configured.
Proposal 9: If UE grouping is supported for WUS transmission, consider grouping based on repetition level.
5 WUS configuration
While a single WUS transmission is associated with a single PO for a UE configured with DRX, there is an open question about whether a single WUS transmission can be associated with more than one PO within the paging time window (PTW) of a DRX cycle. The motivation of associating a wake-up signal transmission with multiple POs in the PTW is to reduce the overhead. A UE is expected to be repeatedly paged within the PTW only when it does not respond to a page. Without use of the WUS, even if a UE misses the page at the first PO, it has the opportunity to receive the paging message at one of the subsequent POs. With WUS support, if a single transmission of the WUS is associated with multiple POs, missed WUS detection would mean that paging messages sent in all the associated POs would be missed. This would increase paging latency.
Furthermore, a paging message at the eNB from the MME may arrive in the middle of the PTW. To avoid increasing latency, at the very least, transmission of the WUS before any PO within the PO must be supported. This means that the UE would be required to monitor the WUS before each PO anyway. Therefore, it does not seem to be beneficial from the UE’s perspective to associate transmission of the WUS with multiple POs.
Proposal 10: For a UE configured with eDRX, a WUS is transmitted before each PO within the PTW.

For WUS/DTX transmission, reservation of resources before every PO would be wasteful since the WUS may or may not be transmitted, particularly when the paging rate of any UE in the cell is low. The eNB may receive a paging message from the MME just before the WUS occasion for a UE. In such cases, without resource reservation, the eNB may have already scheduled another transmission during the WUS occasion. The scheduled transmission cannot be postponed in this event because there is no way for a UE not expecting a WUS (e.g., before the PO for another UE) to know of such a collision. On the other hand, the WUS transmission cannot be postponed indefinitely either. Therefore, in such instances the WUS transmission must be delayed until before the next PO. For UEs using the WUS, this induces a paging delay. Furthermore, since a random signal is received during the time that the UE monitors the WUS, a false alarm is possible. Since there is a potential impact both with and without reservation of resources for the WUS, further study is needed to determine the best solution. It is worth noting, however, that the issue is similar to the legacy case of transmission of NPDCCH for paging. The only difference in the case of WUS transmission, resources are consumed for both the WUS and the NPDCCH.
Proposal 11: Further discussion is needed to determine how resources are configured for transmission of the WUS.

6 Conclusions

In this contribution, we provide our views on the configurations and procedures for the wake-up signal for further enhanced NB-IoT. The following observations and proposals are made.
Observation 1: The wake-up signal must distinguish between different paging occasions to prevent false alarm.
Proposal 1: The wake-up procedure allows the UE to perform the required RRM measurements.
Proposal 2: The eNB supports transmission of different number of WUS repetitions targeting only the worst coverage level of UEs monitoring the PO with which the WUS transmission is associated.

Proposal 3: The UE uses the last reported repetition level for detecting the WUS.

Proposal 4: A UE that is WUS-capable directly monitors the paging channel if the highest repetition level supported in the cell is insufficient.

Proposal 5: The network can enable or disable use of the WUS for the whole cell through broadcast signaling.
Proposal 6: If WUS transmission is enabled in the cell, the eNB indicates in system information the different repetition levels it supports.
Proposal 7: The network can enable or disable use of the WUS for each UE through higher-layer signaling.
Proposal 8: The offset of the WO relative to the PO is configurable and depends on the maximum length of the WUS.

Proposal 9: If UE grouping is supported for WUS transmission, consider grouping based on repetition level.
Proposal 10: For a UE configured with eDRX, a WUS is transmitted before each PO within the PTW.

Proposal 11: Further discussion is needed to determine how resources are configured for transmission of the WUS.
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