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Discussion and Decision
1 Introduction

In RAN1 #92, the following working assumptions and agreements were made with respect to the study of techniques for power consumption reduction in idle mode paging for efeMTC [1]:

Working assumption
on eMTC WUS/sync:

· For eMTC, a new periodic synchronization signal is introduced.

· The new periodic sync signal is configurable (including OFF/ON configuration)

· FFS on the functionality/information provided by the synchronization signal, including 

· whether the additional synchronization signal can provide WUS-related information for a subset or a group of POs

· In case the additional synchronization signal provides WUS-related information, FFS whether there is an additional WUS/DTX signal, which may be separately configured.

· In case the additional synchronization signal does not provides WUS-related information, there is an additional WUS/DTX signal

· System information change notification

· FFS on location of the sync signal

· The new synchronization signal can be used also for non-WUS purposes (e.g. by UEs that need to synchronize after exiting PSM state)

· FFS whether the “new sync signal” can reuse the NB-IoT WUS sequence or a different sequence.

Agreement
· Confirm WA for eMTC and NB-IoT

· 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)

Agreement
· The network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision

Agreement
· The maximum duration of WUS is cell-specifically configured in SIB as one value from a list.
· 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

· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.

Agreement
· The non-zero gap from the end of the configured maximum WUS duration to the associated PO is configurable
· FFS the configuration is explicit or implicitly derived

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.

In RAN1 #92bis, the following working assumptions and agreements were also made [2]:

Agreement
At least WUS/DTX is supported at least for paging for RRC_IDLE UEs
Agreement 

Confirm 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
· [2] bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS

Agreement
· WUS can be time-varying from subframe to subframe.
· WUS signal is designed based on the following information

· [Full] Cell ID information

· UE group ID (if introduced)

· time information of the starting subframe of the WUS or PO (Paging Occasion)

· FFS: (part of) the SFN information

Agreement
· WUS subframe is postponed 

· when colliding with SIB1-BR PRBs

· in non-BL/CE subframes.

· FFS: when colliding with the PRBs that carry 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

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 subframes

· Note: UE can assume CRS between the end of configured maximum WUS duration and the first associated PO

· Note: The gap should be large enough to warm up tracking loops.
FFS: whether to define UE capability for wake-up time
In this contribution, we provide our views on the functional and design aspects of the wake-up signal (WUS) for even further enhancements to MTC and make some proposals.
2 Synchronization support from new signal
In RAN1 #92, a working assumption was made that a new periodic synchronization signal is introduced. This new synchronization signal can also be used to reduce system acquisition time. Our views on the desirable characteristics of this signal are discussed in our companion contribution [3]. One important characteristic of this resynchronization signal (RSS) that is also relevant in the context of the WUS is that it provides cell ID information. Therefore, a UE that uses the RSS for synchronization can verify that it is synchronized to the correct cell and hence can obtain accurate timing for that cell.
The RSS may be used by UEs that are configured for WUS operation as well as those that are not. The function of the RSS is primarily to enable rapid synchronization for both kinds of UEs. As noted, it would be required to carry cell ID information. If it is also required to carry other information, design of the RSS would be complicated. Furthermore, the RSS is likely to be configurable in terms of periodicity. As such, the periodicity of the RSS may not coincide with the periodicity of DRX cycles or paging occasions (POs), which may even be different for different UEs. Then if the RSS also performs WUS functionality, it would need to carry more information in relation to paging indication and POs with which a particular transmission of the RSS/WUS is associated.

It is desirable to have a separate WUS whose function is to provide paging indication. That is, when a UE detects the WUS, it monitors the PO for MPDCCH. The RSS enables the UE to obtain accurate timing so it monitors the WUS at the correct time. WUS design can take into account that the UE is expected to have achieved accurate synchronization when detecting the WUS. Furthermore, the configuration of the WUS can be separated from the configuration of the RSS.
The UE behavior when it is configured with DRX or eDRX is then as follows. If the UE is configured for eDRX, the receiver wakes up from deep sleep. It may then reacquire synchronization to be able to monitor the WUS for paging indication, which would be transmitted prior to the PO. Similarly, if the UE is also configured for DRX during the paging time window (PTW), the UE may need to also reacquire synchronization if the DRX cycle is long enough to warrant it before it monitors the WUS for paging indication. The UE is also required to perform RRM measurements when it wakes up during each DRX cycle. The UE may need to perform timing and frequency error correction to attain adequate measurement accuracy. The UE may use the RSS for synchronization. After synchronization, the UE may need to acquire the PBCH to obtain SFN information before it can monitor the WUS for paging indication.

Proposal 1: The new periodic synchronization signal does not provide WUS-related information and there is an additional WUS/DTX signal.
3 Design considerations
In RAN1 #92bis it was agreed that time information relating to the starting subframe of the WUS or the paging occasion (PO) is provided in the WUS. The purpose of this is to distinguish between WUSs associated with different POs to avoid confusion at the UE. Such confusion may arise, for example, if the WUS associated with a PO overlaps with the WUS transmission duration for a later PO. The sequence for eMTC WUS has not yet been agreed. Since the WUS also conveys the cell ID and the UE group ID (if support for this introduced) according to other agreements, these IDs could be provided by the WUS. If a design similar to NB-IoT is adopted, the information could be provided by the RE-level cover code or scrambling sequence through an appropriate choice of the initialization seed.

Proposal 2: The cell ID and the UE group ID (if introduced) can be conveyed by the RE-level cover code or scrambling sequence if used.

In addition, as agreed, the WUS is made a function of the starting time of the WUS or the PO. The start time of the WUS is obtained from the PO by advancing the time by an amount equal to the sum of the maximum WUS duration length and the configured gap between the end of the maximum WUS duration and the PO. However, it is to be noted that WUS is postponed at least in subframes that are not valid DL subframes and is not transmitted (it is FFS whether the WUS is dropped/postponed; see Section 5) in the subframes that carries SIs other than SIB1-BR. Therefore, the WUS start time is further advanced to account for subframes in which the WUS cannot be transmitted, as illustrated in Figure 1. The occurrence of such subframes may advance the start time of the WUS associated with the earlier PO more than that of the WUS associated with the later PO (such subframes occurring in the overlapping WUS durations advance the start times of both WUSs equally). On the other hand, subframes that are not valid downlink subframes appearing in the gap do not have any effect on the start time of the WUS since it has been agreed that the configured gap is an absolute number of subframes. Therefore, the start times for the WUSs associated with different POs will be different, which means that the scrambling sequence initialization can incorporate the starting subframe of the WUS, which must anyway be determined. 
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Figure 1. Effect of postponement of WUS transmission on start time.
For UEs configured with long eDRX cycles, the timing drift when waking up from sleep may be on the order of multiple radio frames. Therefore, the timing uncertainty extends beyond the subframe within a radio frame. Therefore, if the WUS provides only the starting subframe within a radio frame, the UE may detect a WUS starting in the same subframe of a different radio frame. To resolve the SFN uncertainty, the UE would have to detect the PBCH prior to WUS detection (but after synchronization using legacy signals), which would consume a lot of power. To avoid this, SFN information can also be incorporated into the scrambling sequence initialization.

Proposal 3: The SFN and the starting subframe of the WUS are conveyed by the WUS.
4 Wake-up signal configuration
It was agreed in RAN1 #92bis that the gap between the end of the configured maximum duration and the first associated PO, representing an absolute number of subframes, should be at least as large as the configured minimum value. This gap may typically be on the order of 20–40 ms. Some companies have noted that the gap may need to be much longer (on the order of 1 second) for eDRX UEs waking up from deep sleep or for UEs using a separate wake-up receiver. UEs requiring the large gap value can be supported through UE capability signaling. That is, such UE’s signal the requirement of a long gap to the network so the network can configure the long gap values for these UEs. 

Proposal 4: Two gap values are specified to support UEs with different processing capabilities.
Proposal 5: UEs indicate their WUS processing or gap requirement to the network through UE capability signaling.
Proposal 6: UEs are configured with one of the two supported gap values depending on their capability.

It is possible that UEs with different gap requirements share the same PO. If different gap values are configured for such UEs, however, the WUS start time for each time would be different. Then it is also possible that the WUS start time for the UEs with the large gap coincides with the WUS start time for UEs with the short gap corresponding to a much earlier PO. Therefore, even if the WUS conveys the SFN information and starting subframe of the WUS or the PO, there can be ambiguity related to the association between the WUS and the PO. To avoid this ambiguity, UEs requiring different gaps can be placed in separate groups such that they have different UE group IDs. If the WUS conveys the UE group ID, then the ambiguity is resolved.

Another approach that can be considered for grouping of UEs is based on whether the UEs are configured for DRX or eDRX. Power saving may be more important for UEs in eDRX. As discussed in Section 6, UEs in eDRX can be configured with 1-to-N mapping between WUS and POs. Such UEs monitor the WUS only once every N POs within the PTW to reduce power consumption. When such UEs share a PO with UEs that are not in eDRX, it may be useful to have a separate paging indication for each group (e.g., a different WUS sequence) to prevent the UEs in eDRX from being triggered to unnecessarily monitor the subsequent N POs for MPDCCH.

Proposal 7: If UE grouping is supported, grouping can be based on the configured gap value or DRX/eDRX configuration.

For the frequency location of the WUS, the WUS can be transmitted either in the same narrowband as the PO or for example, in a common narrowband for POs in all narrowbands. While there may be a potential advantage with locating all WUS transmissions in a common narrowband, the approach of transmitting the WUS in the same narrowband as the PO is most straightforward.
Proposal 8: The WUS is transmitted in the same narrowband as the PO.

5 WUS collision with system information

It was agreed that WUS is postponed in subframes that collide with SIB1-BR subframes. Such postponement extends the actual transmission duration of the WUS. Since the gap between the end of the maximum duration of the WUS and the PO is fixed, the starting time of the WUS must be properly adjusted taking into account the extended WUS duration. This assumes that the SIB1-BR subframes are correctly known beforehand. On the other hand, the subframes used for SIB1-BR transmission are obtained from the scheduling information contained in the MIB and are subject to change at the SIB1-BR modification boundary. Therefore, postponement of WUS transmission in SIB1-BR subframes is more complex from the eNB perspective. Hence our preference is to drop WUS transmission in such subframes.

Proposal 9: Consider changing the agreement on WUS collision with SIB1-BR to dropping WUS transmission in subframes carry SIB1-BR. 

It is also agreed that the WUS is not transmitted in the subframes carrying SI other than SIB1-BR. The two choices are to either drop or postpone WUS transmissions in the colliding subframes. It is possible for the eNB to schedule an SI message via SIB1-BR in the middle of a WUS transmission. In this case, the subframes used for SI transmission are not accounted for in the WUS duration. This means that if WUS transmission in the colliding subframes are postponed, then the WUS would extend beyond the configured WUS duration and into the gap before the PO. This is not acceptable. Although this can be handled through eNB implementation by avoiding such SI scheduling, our view is that SI scheduling should be prioritized. Therefore, the option of dropping WUS transmission in the colliding subframes can be adopted. In some cases, this may cause a significant fraction of subframes used for WUS transmission to be dropped. When this happens, it can be up to UE implementation to skip WUS detection and directly monitor the PO.

Proposal 10: WUS transmission is dropped in the subframes carrying SI messages other than SIB1-BR in case of collision.
6 Support of 1-to-N mapping between WUS and POs

It was agreed in RAN1 #92 that for a UE in eDRX, 1-to-N mapping between the WUS and POs from the UE perspective is supported as an optional configuration. Therefore, in such a configuration, the POs in the paging time window (PTW) are divided into groups of N POs. A WUS is then mapped to the N POs in each group. This means that there is a single wake-up occasion (WO) associated with the N POs, where WO refers to the starting subframe of the WUS. The WO precedes the first PO. Thus, if the WUS is transmitted at the WO for paging indication and the UE detects it, it monitors the next N POs for MPDCCH. If it misses detection of the WUS and does not respond to the page, the eNB may again transmit a WUS at the next WO mapped to the subsequent N POs.

If the eNB receives a paging message for a UE from the MME after a WO, the next opportunity for the UE to receive a paging indication is at the next WO even though there may be up to N POs prior to that. Thus, if the eNB receives the paging message from the MME after the last WO (but before one or more POs), the UE will be unable to receive the paging message within the current PTW, unlike in legacy operation where the UE can be paged in the next PO. As a result, the next opportunity for the UE to receive the paging indication and paging message is the next PTW. For large eDRX cycles, this results in a significant paging latency. Thus, there is an impact to the paging latency relative to legacy operation.

To avoid this issue, an additional WO can be introduced prior to the last PO within the PTW, as illustrated in Figure 1. Then if the eNB receives a paging message after the first PO within the last group of N POs, it can still transmit a paging indication that can be detected by the UE. The UE can then monitor the last PO for MPDCCH. The benefit of this approach is more significant for larger values of N. Although 1-to-N mapping of WUS to POs is likely to be configured for more delay-tolerant UEs, this approach allows for use of larger values of N, thereby enabling bigger power savings for the UE, while also mitigating the risk of increased latency. It is also possible to extend this to multiple WOs at the end of the PTW. The configuration of additional WUS transmission can be enabled or disabled by the higher layer for each UE.
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Proposal 11: With 1-to-N mapping between WUS to POs, consider supporting transmission of WUS prior to at least the last PO within the PTW.

Proposal 12: The UE can be optionally configured to monitor additional WOs at the end of the PTW through higher layer signaling.
The MME may send a paging message to the eNB for a UE during the PTW. The UE may be mobile, in which case it initiates cell reselection during the PTW. In legacy operation, if the eNB pages the UE during a PTW and the UE performs cell reselection due to mobility, it would still be able to receive the paging message by monitoring the remaining POs within the PTW in the new cell. When WUS operation is used and a 1-to-N mapping between WUS and POs is configured, the UE may miss all the remaining WOs. There may be POs remaining in the PTW (after the last WO), however. If additional WUS transmission at the end of the PTW is not configured as discussed above, to ensure that the UE still has an opportunity to receive the paging message in the current PTW similar to legacy operation, two alternatives are possible.

Alt 1: As a WUS mapping strategy, every cell other than the one that the UE last reported from uses the default one-to-one mapping. If the UE selects a new cell during a PTW, it assumes one-to-one mapping for the current PTW even if it has been configured with a 1-to-N mapping.

Alt 2: The UE does not monitor the WUS but directly monitors the remaining POs for MPDCCH within the current PTW.

Alt 1 requires that all other cells within the tracking area to support the WUS mechanism and that they transmit a WUS before every PO. If WUS support is selectively enabled by each cell, this would not work. Furthermore, WUS transmission before each PO in every cell in the tracking area where the UE is paged increases network overhead. Since the movement of a UE to a new cell in the middle of a PTW may only be a rare event, even for high-mobility UEs, the overhead may not be justified. On the other hand, Alt 2 requires no difference in WUS transmission behavior among different cells and does not suffer from the increased overhead resulting in Alt 1. Furthermore, although the UE consumes additional power by monitoring each of the remaining POs within the PTW, this is only a short-term cost.

Proposal 13: If a UE performs cell reselection during a PTW and there are no more WOs, the UE directly monitors the remaining POs in the current PTW.
7 Conclusions

In this contribution, we provide our views on the functional and design aspects of the wake-up signal for even further enhancements to MTC. The following observations and proposals are made.
Proposal 1: The new periodic synchronization signal does not provide WUS-related information and there is an additional WUS/DTX signal.
Proposal 2: The cell ID and the UE group ID (if introduced) can be conveyed by the RE-level cover code or scrambling sequence if used.

Proposal 3: The SFN and the starting subframe of the WUS are conveyed by the WUS.
Proposal 4: Two gap values are specified to support UEs with different processing capabilities.
Proposal 5: UEs indicate their WUS processing or gap requirement to the network through UE capability signaling.
Proposal 6: UEs are configured with one of the two supported gap values depending on their capability.

Proposal 7: If UE grouping is supported, grouping can be based on the configured gap value or DRX/eDRX configuration.

Proposal 8: The WUS is transmitted in the same narrowband as the PO.

Proposal 9: Consider changing the agreement on WUS collision with SIB1-BR to dropping WUS transmission in subframes carry SIB1-NB. 

Proposal 10: WUS transmission is dropped in the subframes carrying SI messages other than SIB1-BR in case of collision.
Proposal 11: With 1-to-N mapping between WUS to POs, consider supporting transmission of WUS prior to at least the last PO within the PTW.

Proposal 12: The UE can be optionally configured to monitor additional WOs at the end of the PTW through higher layer signaling.
Proposal 13: If a UE performs cell reselection during a PTW and there are no more WOs, the UE directly monitors the remaining POs in the current PTW.
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