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Discussion and decision
1 Introduction
New WIDs on “Further NB-IoT enhancement” and “Even further enhanced MTC for LTE” were agreed at RAN#75 and revised at RAN#76 [1] and RAN#77 [2]. One objective of these two WIDs is power consumption reduction for physical channels for NB-IoT and MTC. Since then both RAN1 And RAN2 has made following agreements. 

Table 1 RAN2#100 agreements for WUS

	· It is FFS if the use of wake-up signal for paging is enabled/disabled via system information in NB-IoT. Also in MTC if enabling/disabling is agreed in RAN1.


RAN2 further discussed WUS and following agreements made, in particular the FFS from RAN2#100 has been resolved.
Table 2 RAN2#101bis agreements for WUS

	· WUS is an optional UE capability signalled in the RRC RadioPagingInfo(-NB).

· WUS configuration info is broadcasted in IE RadioResourceConfigCommonSIB(-NB) in SIB2(-NB). 

· At least some configuration is also per-carrier configuration in SIB22.

· FFS if certain carriers can be enabled/disabled

· When the UE supports WUS and WUS configuration info is broadcasted, then WUS is used to indicate that the UE shall attempt to receive paging in that cell

· If UE detects WUS the UE shall monitor the following N PO(s) (N≥1), unless paged.

Working assumption:

· RAN2 assume paging operation in MME is not impacted.




Table 3 RAN1#92 agreements for WUS

	Agreement
	eMTC/NB-IoT

	· 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)
	eMTC/NB-IoT

	· The network can enable or disable use of the WUS 

· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
	eMTC

	· 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.
	eMTC/NB-IoT

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

	· Remove the bracket in the agreement: 
· The [maximum] duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. 
	NB-IoT

	· 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
	eMTC

	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
	eMTC/Nb-IoT

	· 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.


	eMTC/NB-IoT

	· UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port.

· The UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port.

· FFS: value of X


	eMTC

	Remove the bracket in the following 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 [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


	Nb-IoT

	Confirm the working assumption that the WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.

	Nb-IoT

	· WUS conveys the cell ID;
· FFS: UE group ID
· FFS how/whether to handle the case of false alarm resulting from detecting WUS corresponding to different POs/UE groups (if introduced)

	NB-IoT


Editors note: Assume the following note in RAN1#92 agreements applicable to MTC also even though this is stated only for eMTC.
“Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.”

RAN1#92b agreements: Note the WA from RAN1#92 has been converted to agreement during RAN1#92bis.
Table 4 RAN1#92bis agreements for WUS

	Agreement
	eMTC/NB-IoT

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

	eMTC/NB-IoT

	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


	eMTC/NB-IoT

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


	eMTC

	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.

	NB-IoT

	1. WUS can be time-varying from subframe to subframe.

2. 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


	eMTC/NB-IoT

	· 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


	eMTC

	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


	NB-IoT

	· 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
	eMTC

	· 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 


	NB-IoT

	WUS signal in a subframe is as follows,
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where LZC = 131 for inband mode (FFS for SA and GB modes)

· FFS RE-level cover codes/RE-level scrambling sequence c(m) using 

· Hadamard codes

· Gold sequences

· M sequences

· FFS phase shift

· FFS detailed design for time-varying 

· 11 symbols for inband mode and 14 symbols for SA and GB modes

Strive toward as much as possible commonality between SA/GB and inband
	eMTC

	· When generating power saving signal in a subframe where NRS is assumed to be transmitted, the power saving signal in the subframes shall be generated and mapped in the same way as in other valid subframes where NRS is not assumed to be transmitted;
· WUS is punctured in RE-level by NRSs.

	NB-IoT


2 Discussion

2.1 Key RAN2 discussion points
From RAN1 and RAN2 agreements, the following RAN2 specific topics need further discussion:

1. For NB-IoT if WUS can be enabled/disabled on certain paging carriers?
2. For both NB-IoT and eMTC whether MME can be transparent if 1-to-N mapping is used when N >1?
2.1.1 Can WUS be enabled/disabled on certain paging carriers

RAN1 has agreement to allow for different WUS duration for different NB-IoT carriers (see Table 3). Different WUS duration allows for different propagation characteristics to be taken into account for each paging carrier in the same way non-anchor paging carrier configuration allows for different NPDCCH repetitions. Furthermore, if WUS is enabled on some of the paging carriers then there are two possibilities:

1.  if paging carrier selection is not modified then just because of the UE identity WUS is enabled or not enabled and from service perspective this is not a desirable.
2. if paging carrier selection modified to allow UE to consider only carriers that support WUS has the impact of concentrating WUS capable UEs on fewer paging carriers thus negating the benefit of WUS (e.g. higher probability of false positive).

Discussion point 1: Based on the above information, do you consider there is benefit of having WUS enable/disable on per carrier? 

Table 5 WUS enable/disable per carrier in NB-IoT

	Company name
	Yes/No
	Reason for your answer

	MediaTek
	No
	As mentioned above, it is not desirable to enable/disable WUS based on UE ID. We also do not want to change paging carrier calculation atr the stage. Therefore, WUS should be a cell-specific feature and should not be enabled/disabled on per carrier.

	Ericsson
	No
	In our view, in case WUS is supported in the eNB, then WUS is used on all carriers where the UE can be paged (provided that the UE also supports WUS of course…), i.e. we would like to avoid impact on the paging carrier selection (i.e. 36.304) (for both MTC and NB-IoT, i.e. in principle you can discuss the same for “paging narrowbands” in MTC).

	III
	No
	If WUS is enabled, WUS should be used on all carriers, including anchor carrier and non-anchor carriers (i.e. paging messages could be transmitted on non-anchor carriers in Rel-14). 

	Huawei, HiSilicon
	No
	We agree with QC’s analysis above and do not see need to enable/disable WUS per carrier.

	Qualcomm
	No
	WUS enable/disable on per carrier provides no advantage hence WUS enable/disable per cell is sufficient.

	GTO
	No
	We would prefer to have WUS as a cell specific feature. 

	Intel
	No
	We agree at this point there is no good basis to enable or disable WUS for certain paging carriers as paging over those carriers is distributed based on weight and UE ID for legacy POs.

	LG
	No
	Agree with MediaTek and Ericsson


2.1.2 Paging in MME not impacted by WUS
The assumption in RAN2 is that WUS has no impact on MME paging. UE can report it’s WUS capability within UE-RadioPagingInfo-NB. This approach seems to work fine with one WUS to one PO mapping, as is the agreement for DRX. In eDRX, there is agreement to support one WUS to N PO mapping where N can be >=1. Some possible values for N are 1, 2 and 4 were proposed in [3], with N=1 being default value. During PTW, UE uses the PO periods from the DRX range. Therefore, if N is 2 or 4 then WUS period will be longer as shown in Table 6 and Table 7  

Table 6 WUS period in NB-IoT with N=1,2 and 4
	N
	DRX cycle (s)

	
	1.28
	2.56
	5.12
	10.24

	1
	1.28
	2.56
	5.12
	10.24

	2
	2.56
	5.12
	10.24
	20.48

	4
	5.12
	10.24
	20.48
	40.96


Table 7 WUS period in eMTC with N=1,2 and 4
	N
	DRX cycle (s)

	
	0.32
	0.64
	1.28
	2.56

	1
	0.32
	0.64
	1.28
	2.56

	2
	0.64
	1.28
	2.56
	5.12

	4
	1.28
	2.56
	5.12
	10.24


This means the latency between eNB receiving paging request from MME and before it is transmitted over the radio interface can become significantly longer. This could lead to MME repeating the paging request before eNB had a chance to transmit the previous request over the radio interface. Furthermore, MME may extend the area over with paging is performed. In both cases paging load can increase. If MME is aware that a UE to be paged is using WUS hence there can be additional delay before UE can respond to the page.
Discussion point 2: Based on the above information, do you consider there is benefit of making MME aware of WUS? 

Table 8 Can MME be transparent to WUS
	Company name
	Yes/No
	Reason for your answer

	MediaTek
	Yes, MME can be transparent to WUS
	The description of “WUS period” is confusing to us. A UE configured with eDRX monitors the POs of PTW (and the WUS before PO/PTW, if configured) every eDRX cycle, not every WUS period. Consider the case of N=4: 
(1) If the paging message arrives from MME slightly before the PTW, eNB can transmit WUS before PTW and UE monitors the POs in PTW. 
(2) If unfortunately the paging message arrives from MME within a PTW, UE does not monitor the PO since no WUS is received in advance, and it’s true that this “could lead to MME repeating the paging request before eNB had a chance to transmit the previous request over the radio interface.” However, we believe that eNB can handle this properly, for example, by configuring N=1 if DRX/eDRX cycle is long.
We still prefer to have WUS as a cell-specific feature configured by eNB, and transparent to MME.

	Ericsson
	No
	In our view WUS should be transparent to the MME (at least in REL-15). Any change to that would also involve other working groups. In our understanding the paging repetition interval from the MME is much larger than the configured DRX cycle in NB-IoT/MTC, which allows a 1-to-N mapping, without impacting the MME paging behavior. 
The MME will obviously configure a PTW size that allows the MME to escalate the paging within the same PTW, i.e. repeat paging when the UE does not respond to the first paging attempt of the MME. Thus the PTW size is (much) larger than the MME paging interval. The MME paging interval is much longer than the DRX cycles used in the eNB which allows for a 1-to-2 or 1-to-4 WUS to PO mapping, without impacting the reachability of the UE in the PTW from an MME perspective.

	III
	Yes
	WUS could be transparent to MME. If repeated paging messages are transmitted from MME, eNB could re-configure N to reduce the UE monitor interval. 

	Huawei, HiSilicon
	Maybe
	We think WUS is an AS optimization so it should be transparent to NAS. How to handle the scenario described above depends on negotiation and implementation between eNB and MME, similarly to legacy paging within PTW. We think the eNB can configure a proper N and the MME can deliver the paging message a bit earlier before the PTW. In this case, there is no additional latency and reachability issue.
eNB/MME negotiation and implementation are out of RAN2 scope.

	Qualcomm
	Yes
	Response to MTK: It is not proposed to have one and only one WUS per PTW and this WUS occurs just before PTW. There is to be one WUS just before the PTW and zero or more WUS during PTW depending on the PTW length and value of parameter N. Therefore, it can be possible to page the UE if eNB receives paging request from MME during the PTW.

Our concern with MME not being aware of 1-to-N mapping is that there is potential for MME repeating paging requests in a wider area and wasting radio resources unnecessarily. Of course, the other approach is for MME to extend the paging repetition period but then this could negatively impact UEs that don’t use/support WUS or 1-to-N mapping.



	GTO
	No
	MME should be transparent to WUS. Our understanding is, paging indication from MME is received well in time for the WUS i.e. applies for the next occurring WUS.

	Intel
	Yes, the MME may need to be aware of WUS
	Certainly if PTW length and default DRX cycle are such that 1:N mapping results in just one WUS for a PTW (for example, N= 4, DRX cycle = 2.56s and PTW length = 10.24s.), this negatively impacts the UE reachability as paging arrived in the middle of PTW cannot be delivered until the start of the next PTW. We prefer following clarification.

1. eNB makes sure that 1:N mapping does not result in a single paging opportunity in a PTW for UE. This is captured as Note. 

2. MME may need to adjust its paging retransmission strategy (e.g. limit the number of short spaced retransmissions, see TS 23.401) if there are few paging opportunity in a PTW.


2.1.3 WUS to PO mapping configuration

While it has been agreed that one WUS to N PO mapping can be supported but it has not been discussed if this is a UE configuration (i.e. different UEs can request for different value for N from the specified set) or a cell configuration (i.e. one value configured in the cell applies to all UEs).
Discussion point 3: Should parameter N be UE specific or cell specific? Provide justification for your answer.

Table 9 Parameter N cell or UE specific
	Company name
	Cell or UE specific
	Justification for your answer

	MediaTek
	Cell specific
	A WUS is to be monitored by a group of UEs, which also monitors the same PO. The configuration can be quite complicated if WUS parameters are UE-specific.

	Ericsson
	Cell specific
	In our understanding this depends on the default paging cycle i.e. DRX cycle that is configured in the cell, i.e. when a shorter DRX cycle is configured a larger N can be used. 
Note: even in case this parameter would be UE specific, this parameter would be configured by the network, i.e. UE can only indicate a preference.

	III
	Cell specific
	Cell specific configuration is simple for implementation. 

	Huawei, HiSilicon
	Cell specific
	As our reply to Discussion point 2, we think N is cell specific and that eNB/MME negotiation and implementation can handle the latency and reachability when N>1. Thus we think there is no need for complicated mechanism on 1-to-N mapping.

	Qualcomm
	Cell specific
	Makes eNB implementation simpler.

	GTO
	Cell Specific
	WUS will be monitored by group of UE;s in a cell which also will be monitoring same PO. Also this will be a simpler implementation. 

	Intel
	Cell specific
	We agree cell specific value makes it simpler as there is no need to negotiate the value.

	LG
	Cell specific
	Agree with MediaTek and Ericsson


2.1.4 UE selection for 1-to-1 or 1-to-N mapping

If a cell specific 1 to N mapping is supported (2nd option in above discussion point) then there may be applications where UE wish to use eDRX but don’t want to increase delay in being reachable. For this reason, it would be desirable to allow UE to request for 1 to 1 mapping or 1 to N mapping.

Discussion point 4: With cell specific 1 WUS to N PO mapping, UE should be permitted to request for 1 WUS to 1 PO or 1 WUS to N PO mapping?

Table 10 UE request for 1 WUS to 1 PO or 1 WUS to N PO mapping
	Company name
	Yes/No
	Reason for your answer

	MediaTek
	No
	This increases signaling and UE implementation complexity. We should rely on proper configuration by eNB.

	Ericsson
	No
	We did not understand why the 1-to-N mapping would influence the delay in being reachable. We do not consider paging delay to be critical with eDRX anyways.

	III
	No
	1 WUS to N PO mapping should be configured by eNB based on eDRX cycle. UE request is not necessary. 

	Huawei, HiSilicon
	No
	Same as Discussion point 3.

	Qualcomm
	Yes
	Given that with 1 WUS -to-N PO mapping, UE monitors WUS at lower rate than DRX used during the PTW. Therefore, depending on DRX used during PTW and N, then any page request from the MME that just misses the WUS would be delayed till the next WUS (see tables 6 & 7. 

	Intel
	Yes
	The intention of 1:N mapping is not meant to be that UE cannot be reachable within a PTW (e.g. paging arrives when UE is still within PTW and there is PO opportunity but no WUS opportunity in this PTW). This is certainly for the case where UE may want to monitor every PO per WUS in a PTW and eNB sends WUS accordingly for this UE.

	LG
	No
	If the UE support WUS operation, selection for mapping is totally network’s decision.


2.1.5 UE behaviour upon cell reselection

When UE is using 1 WUS to N PO mapping and UE reselects to another cell the UE behaviour needs to be defined. When cell reselection has occurred, UE may be in between two consecutive WUS of the target cell. In such a case there are two options:

Option 1: UE enters DRX till the next WUS. While this approach is power optimal but UE could potentially miss paging.

Option 2: UE monitors every PO till the next WUS or till PTW ends. With this approach probability of missing a page is minimised.

Note, ‘next WUS’ means where UE is expected to monitor for WUS. 

Discussion point 5: With 1 WUS to N PO, do you support Option 1, Option 2 or have some other proposal? 

Table 11 UE behaviour upon cell reselection
	Company name
	Option 1, Option 2 or Other
	Reason for your answer

	MediaTek
	Other
	UE should know if WUS is configured in each cell. Thus, assume WUS is configured in source cell, we consider the following cases:

a. WUS is configured in target cell:
a1. If UE receives WUS in source cell and has monitored less than N POs, it monitors remaining POs in target cell.

a2. If UE didn’t receive WUS in source cell before cell reselection, it enters DRX till the next WUS. 

b. WUS is not configured in target cell: UE monitors every PO.

	Ericsson
	Option 2 or Option 3…
	We agree that in case of mobility and a 1-to-N mapping the UE should make an effort to still be reachable in the current PTW, and a simple approach is that the UE ignores the 1-to-N mapping when it wakes up in a new cell. We proposed in our RAN2 contribution (R2-1804962):
In eDRX, if the UE wakes-up in a new cell, and N > 1 is configured in the new cell, and the UE has missed the last WUS of the PTW, then the UE shall monitor the remaining POs of the PTW. 

	III
	Other 
	III supports MediaTek’s proposal. 

	Huawei, HiSilicon
	Option 2
	After the UE reselects a new cell, we think the UE should monitor every paging occasion until the next WUS if WUS is configured to avoid paging missing.

	Qualcomm
	Option 2
	

	GTO
	Option 2
	In our understanding, Mobility, cell re-selection, monitor paging directly do not rely on WUS. From next cycle onwards go back to WUS reading when activated on that cell. UE can read the PO till end of PTW and then next cycle onwards, read the WUS when going from source to target cell.

	Intel
	Option 2
	We also think upon cell reselection UE may miss the WUS actually transmitted by the cell for that PTW. Therefore, UE needs to monitor every PO until the next WUS or PTW ends.

	LG
	Other
	In my understanding, WUS is operated by cell specific configuration. Thus, if the UE wakes up in a new cell i.e. target cell, the WUS configuration should be updated by target cell’s system information. Since the previous cell is currently not source cell now, receiving that cell’s WUS information is up to UE implementation.


2.1.6 Reliable SI modification indication detection with WUS
There have been proposals both in RAN1 and RAN2 for UE using WUS to periodically monitor one or more POs during PTW if no WUS was received. The main reason is for UE to be able to detect any system information modification in progress. There are various options:

1. 
If UE does not detect WUS during PTW then UE should make attempt to receive at least one PO after the last WUS location and before the end of PTW. 
2. 
eNB always sends last WUS of the PTW for UE groups that were not sent a WUS earlier in the PTW. 
Discussion point 6: If you consider such a UE behaviour desirable then which option do you prefer?
Table 12 Reliable SI modification indication detection with WUS
	Company name
	Option 1, Option 2 or Other
	Reason for your answer

	MediaTek
	Other
	We do not think such mechanism is needed. If SI modification is indicated via paging in a cell configured with WUS, WUS should be send accordingly?

	Ericsson
	None
	In our view the WUS should be designed reliable enough, so that we can rely on it, and that there is no need for workarounds. Also note the agreed RAN4 WF (R4-1805483):

· RAN4 shall define minimum requirement on WUS reception to avoid potential missing paging. 
· Interested companies are encouraged to provide input on how to define the requirements

	III
	None
	If system information change, systemInfoModification/systemInfoModification-eDRX is indicated in paging message, eNB should send WUS to the UEs accordingly. 

	Huawei, HiSilicon
	None
	According to the following RAN1 agreement, the reliability of WUS will be studied in RAN1:

•
The impact of the physical signal/channel, on Idle mode physical layer paging performance (missed paging detection and paging reception latency) should be studied and reported with the physical signal/channel design.
It seems no need for such mechanism until RAN1 confirms that the reliability of WUS is lower than Direct Indication. Otherwise, similarly to legacy paging, if the UE has not receive any WUS for a long time, it is up to UE implementation to check whether the system information is still valid, e.g. check the valueTag in MIB-NB for NB-IoT or in SIB1-BR for eMTC.

	Qualcomm
	Option 1
	This issue is not related to reliability of WUS. The WUS does not carry any information regarding SI modification. For UE to determine if SI modification is going to happen it needs to receive direct indication. When UE is not paged then UE would enter DRX after reception of WUS that indicates UE is not paged hence UE would not be able to receive direct indication. Therefore, we then it makes sense either (1) UE receives at least one PO during PTW, or (2) when eNB sends direct indication for SI modification then eNB sends WUS to all UEs hence forcing them to read direct indication. We think option (b) is less power efficient than option (a).

	GTO
	
	If a network indicates SI modification, then WUS will be sent accordingly. Also to save UE from burning power, if it has not received any WUS, it will monitor the paging message. It should not monitor paging message and WUS both.

	Intel
	None
	We also think that cell has to make sure that UE is paged in all POs of the UEs or all WUS opportunities for all UEs in a PTW. As mentioned in discussion point 2, eNB has to make sure there are sufficient WUS opportunities in a PTW.

	LG
	None
	We also agree MediaTek and Erocsson’s intention. RAN2 doesn’t need to discuss additional mechanism to improve reliability.


2.1.7 Wake Up Receiver (WUR)
There have been some discussions in both RAN1 and RAN2 about a Wake Up Receiver (WUR) that is very energy efficient, but also wakes up very slowly, i.e. the UE would require a “long” time between WUS and the associated PO. The gap between WUS and the associated PO, among others, is also discussed in RAN1 in the context of the “RRC parameter list”, but in case there is a “long” time between WUS and associated PO, there is a potential impact on the MME (that is why we should also discuss this in RAN2). Due to the loose H-SFN synchronisation of 1-2 sec, we assume that the MME sends the Paging message to the eNB in advance of the start of the PTW in the order of a few seconds (see section 4.5.13.3.2 in 23.682):

It is assumed that eNodeBs and MMEs are able to use the same H-SFN value with accuracy in the order of legacy DRX cycle lengths, e.g. 1 to 2 seconds. There is no need for synchronization at SFN level.
In our view there is some margin to allow for a UE that wakes-up slowly, but the maximum wake-up time has to be limited, and there should be NW control to disable this slow wake-up time. To paint a possible solution: the UE could indicate WUR support in the UE-RadioPagingInfo-NB, and this capability could be conveyed in the Paging message from the MME to the eNB. In case the eNB has enabled this feature, there could be a dedicated gap configuration for WUR capable UEs in the SI, which would allow the WUR capable UE to wake up more slowly compared to other UEs supporting WUS. We would like to know other companies view on the need for WUR support in REL-15, and the maximum gap size that companies think is acceptable:
Discussion point 7: RAN2 to discuss WUR capable UEs 

Table 13 Other open issues
	Company name
	Issue and potential solution

	Ericsson
	In our view this can be discussed for REL-15 provided that:
· WUS / WUR remains transparent to the MME

· eNB can disable WUR, i.e. WUR capable UE reverts to the legacy (short) gap between WUS and associated PO when the eNB has not enable WUR in the cell in SI. 

· The maximum gap size should be below 1 second (or lower).

	Huawei, HiSilicon
	Before we start to discuss solution in RAN2, we think the issue should be identified by RAN1 and RAN4 first since it is related to wake up speed, synchronization, etc.

	Qualcomm
	We have similar view to Huawei in that this issue is being discussed by RAN1 and we should await for their outcome before deciding on any specific solution.

	GTO
	For WUR, UE needs to be ready for WUS reception. UE wakes up early enough to receive it and there is no need to standardize it. It should be left to UE Implementation.

	Intel
	We can wait RAN1, The impact of WUR is on the gap between WUS and PO. This may need to be set based on UE capability.
RAN1 # 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


2.1.8 Other open issues

Discussion point 8: Any other open issue to address? 

Table 14 Other open issues
	Company name
	Issue and potential solution

	
	


3 Summary of email discussion
8 companies participated in the email discussion and summary of the responses is as follows.
Discussion point 1: Based on the above information, do you consider there is benefit of having WUS enable/disable on per carrier? 

· All 8 companies consider there is no benefit in having WUS enable/disable per carrier in NB-IoT.
Proposal 1: WUS enable/disable is per cell in NB-IoT.
Discussion point 2: Based on the above information, do you consider there is benefit of making MME aware of WUS? 

· There was some confusion regarding answer Yes or No and the comments from the companies was taken into account to arrive at the summary answers.

· 4 companies (MTK, E///, III, GTO) said MME is does not need to be aware of WUS.

· 3 companies consider there are cases where MME awareness of WUS is needed.
· 1 company did not provide any response to this discussion point.

Proposal 2: RAN2 to discuss if MME awareness of WUS is needed.
Discussion point 3: Should parameter N be UE specific or cell specific? Provide justification for your answer.? 

· All 8 companies think parameter N should be cell specific.

Proposal 3: Parameter N is cell specific.
Discussion point 4: With cell specific 1 WUS to N PO mapping, UE should be permitted to request for 1 WUS to 1 PO or 1 WUS to N PO mapping?

· 5 companies consider there is no need for UE to say it does not wish to use 1 WUS to N PO mapping.

· 2 companies consider UE decision to use 1 WUS to N PO mapping can be useful for certain applications.

· 1 company did not respond to this discussion point.

Proposal 4: While majority of respondents don’t see the need for UE opt-out of 1 WUS to N PO mapping, but given there is some support it is proposed RAN2 to discuss this further.
Discussion point 5: With 1 WUS to N PO, do you support Option 1, Option 2 or have some other proposal? 

· 4 companies prefer option 2 (UE monitors every PO till the next WUS or till PTW ends)

· 1 company prefer option 2 or 3. Their option 3 is a variation of option 2 as follows: In eDRX, if the UE wakes-up in a new cell, and N > 1 is configured in the new cell, and the UE has missed the last WUS of the PTW, then the UE shall monitor the remaining POs of the PTW.
· 2 companies propose a variation of option 2 in that UE behaviour in the target cell depends on what happened in the source cell.
· 1 company propose to leave it to UE implementation.

Proposal 5: There is desire from majority of companies to define a UE behaviour for the case UE reselects during the PTW of the target cell when target cell supports WUS, hence RAN2 should consider defining such behaviour.

Discussion point 6: If you consider such a UE behaviour desirable then which option do you prefer?
· There was some fusion regarding this issue. 4 companies think the question is related to reliability of WUS channel. The question was how to make sure UE can receive direct indication for SI modification when eNB does not send a WUS to the UE because UE does not need to be paged.

· 3 companies consider eNB should ensure that WUS is transmitted during the PTW when direct indication for SI modification is transmitted.

· 1 company considers the UE can autonomously monitor at least 1 PO during a PTW.

Proposal 6: Given there is some confusion about reliable SI modification indication detection with WUS, it is proposed RAN2 to discuss this issue further.
Discussion point 7: RAN2 to discuss WUR capable UEs?

· 3 companies consider waiting for RAN1 conclusion before discussion this topic.

· 1 company considers nothing needs to be done.
· 1 company considers the gap between WUS and PO should be below 1 second.

· 3 companies did not respond to this issue.
Proposal 7: Wait for RAN1 to conclude on the gap between WUS and start of PTW before deciding on the capability.
4 Proposed way forward

Based on the outcome of the email discussion, the following proposals are made.
Proposal 1: WUS enable/disable is per cell in NB-IoT.
Proposal 2: RAN2 to discuss if MME awareness of WUS is needed.
Proposal 3: Parameter N is cell specific.
Proposal 4: While majority of respondents don’t see the need for UE opt-out of 1 WUS to N PO mapping, but given there is some support it is proposed RAN2 to discuss this further.
Proposal 5: There is desire from majority of companies to define a UE behaviour for the case UE reselects during the PTW of the target cell when target cell supports WUS, hence RAN2 should consider defining such behaviour.

Proposal 6: Given there is some confusion about reliable SI modification indication detection with WUS, it is proposed RAN2 to discuss this issue further.
Proposal 7: Wait for RAN1 to conclude on the gap between WUS and start of PTW before deciding on the capability.
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