[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #96bis	R1-1905536
Xi’an, P.R. China, April 8th – 12th 2019

Agenda Item:	6.2.2.1
Source:	Ericsson
Title:	Feature lead summary of UE-group wake-up signal in NB-IoT
Document for:	Discussion, Decision

Introduction
One of the objectives with the Rel-16 WID for additional enhancements for NB-IoT is to specify [1]:
	Improved DL transmission efficiency and/or UE power consumption:
· …
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


Below is a summary of the contributions in the agenda item UE-group wake-up signal in NB-IoT. The summary is based on the contributions in [2]-[16].
[bookmark: _Ref178064866]Fundamental group WUS functionality
Alternatives for multiplexing between legacy WUS and group WUS and the associated common WUS
For some meetings we have all stood by our proposals regarding whether and how legacy WUS and group WUS should share resources and in that case what the common WUS should look like. Below is a short summary of the strengths and weaknesses for the presented proposals with respect to the following parameters:
· Network overhead and the ability to implement the proposed scheme for long WUS sequences,
· Paging restrictions, i.e., restrictions in simultaneously paging different UEs at the same PO, and
· Paging performance, i.e., the likelihood of a false page.
Related to this is the agreement from RAN1 #96 that “Up to 2 time-multiplexed WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.” However, that agreement allows for ambiguous interpretations why RAN1 should clarify it by selecting one of the following proposals:
[bookmark: _Ref5352341][bookmark: _Toc5719907]Up to 2 time-multiplexed group WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.
[bookmark: _Ref5352343][bookmark: _Toc5719908]Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.
SS-CDM+TDM with legacy WUS as common WUS
Supported by Huawei, Intel, LGE, Qualcomm.
Network overhead: Good - this solution allows for a compact WUS with as little as one WUS resource being consumed.
Paging restrictions: None – it allows for both legacy WUS UEs and group WUS UEs to be paged and also all UEs to be paged.
Paging performance: Poor, since legacy WUS will wake up all group WUS UEs that are allocated to the shared resource. For these UEs, this results in a performance worse than for the legacy WUS UEs.
SS-CDM+TDM without legacy WUS as common WUS
Supported by Nokia.
Network overhead: Good - this solution allows for a compact WUS with as little as one WUS resource being consumed.
Paging restrictions: Some, since legacy WUS UEs and group WUS UEs would not be reachable in the same PO.
Paging performance: Poor, since this solution could result in shortened DRX cycles as a consequence of the inability to reach all UEs simultaneously.
SS-CDM+TDM with legacy WUS partitioning as common WUS
Supported by Ericsson.
Network overhead: Good since this solution allows for a compact WUS with as little as one WUS resource being consumed.
Paging restrictions: None since it allows for legacy WUS UEs and group WUS UEs to be paged and also all UEs to be paged.
Paging performance: Good for group WUS UEs since they are not affected by pages to legacy WUS UEs but medium for legacy WUS UEs since they are also woken up if UEs in two or more UE groups are paged.
Time multiplexing (avoiding the common WUS problem)
Supported by Lenovo, MediaTek, DoCoMo, Samsung, Sony.
Network overhead: Neutral since it forces the network to use more resources for WUS but not more so than what is configurable in other schemes. However, it may be impossible to simultaneously deploy both WUS releases for the very long WUS sequences that NB-IoT allows since the WUS timing advance is too long for the MME-eNB interface.
Paging restrictions: None since all WUS resources are managed independently.
Paging performance: Good since all WUS resources are managed independently and there will be no false wake-ups between legacy WUS and group WUS.
Carrier multiplexing
Supported by Sony and Ericsson. Were RAN1 to agree on this method, RAN1 would need to send an LS to RAN2, asking RAN2 to implement it.
Network overhead: None, assuming the number of paging carriers is constant.
Paging restrictions: None, since UEs will not share paging carrier.
Paging performance: Good since all WUS resources are managed independently.
Conclusions
Unless RAN1 can agree on a preferred multiplexing technique, configurability is an alternative. Based on that, the following feature lead observation is made:
[bookmark: _Toc5719898]Supporting companies for each of the above alternatives need to explain how to address the above disadvantages of their preferred alternative.
Based on whether Proposal 1 or Proposal 2 was agreed above, one of the following proposals may be agreed:
If Proposal 1 was agreed:
[bookmark: _Toc5719909]Group WUS location in relation to legacy WUS may be configured such that:
a. [bookmark: _Toc5719910]The first group WUS resource may be configured to coincide with the legacy WUS resource or to occurs immediately before the legacy WUS resource, and,
b. [bookmark: _Toc5719911]If an optional second group WUS resources is configured, that group WUS resource occurs immediately before the first group WUS resource.
If Proposal 2 was agreed:
[bookmark: _Toc5719912]Group WUS location in relation to legacy WUS may be configured such that:
c. [bookmark: _Toc5719913][bookmark: _Hlk5352570]If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,
d. [bookmark: _Toc5719914]If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.
Sequence design
How is the group WUS sequence constructed?
	Legacy WUS + shifted scrambling:							Huawei, LGE
	Legacy WUS + separate time and frequency domain short OCCs			Intel
	Legacy WUS + phase shift:								Ericsson, ZTE
	FFS legacy WUS and either Gold codes or phase shifted scrambling codes:	Qualcomm
[bookmark: _Toc5719915]Group WUS sequence design is down selected between
e. [bookmark: _Toc5640974][bookmark: _Toc5719916]Legacy WUS with shifted scrambling codes,
f. [bookmark: _Toc5719917]Time-frequency short OCCs, or,
g. [bookmark: _Toc5719918]Phase shifted legacy WUS using a suitable subset of the phase increments.
Max number of UE groups
What should be the maximum number of UE groups?
4:				MediaTek
	2+1 (per WUS resource):	Intel
	8 (per WUS resource):	Qualcomm
	≥6:				Sony
	≥8:				Huawei
	Sequence dependent:	Ericsson
[bookmark: _Toc5719899]Wait for agreement on sequence design until making this agreement.
Optional group WUS features
DRX/eDRX gap configuration
Should the number of UE groups be configured with the same number of groups for all gap configurations or with different number of groups for the different gap configurations?
	Same configuration for all gaps:		Ericsson, MediaTek
	Different configurations for all gaps:	Nokia, Qualcomm, Samsung, ZTE
[bookmark: _Toc5719900]No consensus yet. Companies are encouraged to present arguments and performance results supporting their view in the next meeting.
UE grouping
Should the (average) number of UEs in each UE group be weighted by the network?
	Yes:	Nokia, LGE
	No:	Ericsson
[bookmark: _Toc5719901]Postpone until multiplexing between legacy WUS and group WUS has been agreed.
Should more grouping levels be introduced, apart from the single UE group and the common level?
	Yes:	Nokia, Sharp, ZTE, vivo
	No:	Ericsson, MediaTek, Samsung
	FFS:	Huawei, Lenovo
[bookmark: _Toc5719902]No consensus yet. Companies are encouraged to present results supporting their view in the next meeting, taking into account, e.g.,
a. [bookmark: _Toc5351635][bookmark: _Toc5719903]Decreased false detection rate from less use of common WUS,
b. [bookmark: _Toc5351636][bookmark: _Toc5719904]Increased false detection rate from detecting more sequences, and,
c. [bookmark: _Toc5719905]UE complexity.
What should be an additional basis for UE grouping, apart from UE ID?
Service level:			Lenovo
	Coverage:				Nokia, Sharp
	Leave for RAN2 to decide:	Ericsson, Huawei, Lenovo
[bookmark: _Toc5719906]This is for RAN2 to decide.
Miscellaneous
Below is an assortment of proposals that were brought up by individual companies and that may be further discussed at subsequent meetings if supported by more companies.
Same WUS duration as legacy WUS if same power:			Qualcomm
Use of TDM for group WUS linked to number of UE groups:	DoCoMo, vivo
Support single group configuration:					Nokia
WUS for enhanced coverage restricted UEs:				LGE
Paging carrier weight to determine # UE groups in carrier:		Sharp
Introduce go-to-sleep signal:						Fraunhofer
Conclusion
In the previous sections we made the following observations: 
Observation 1	Supporting companies for each of the above alternatives need to explain how to address the above disadvantages of their preferred alternative.
Observation 2	Wait for agreement on sequence design until making this agreement.
Observation 3	No consensus yet. Companies are encouraged to present arguments and performance results supporting their view in the next meeting.
Observation 4	Postpone until multiplexing between legacy WUS and group WUS has been agreed.
Observation 5	No consensus yet. Companies are encouraged to present results supporting their view in the next meeting, taking into account, e.g.,
a.	Decreased false detection rate from less use of common WUS,
b.	Increased false detection rate from detecting more sequences, and,
c.	UE complexity.
Observation 6	This is for RAN2 to decide.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Up to 2 time-multiplexed group WUS resources may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.
Proposal 2	Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.
Proposal 3	Group WUS location in relation to legacy WUS may be configured such that:
a.	The first group WUS resource may be configured to coincide with the legacy WUS resource or to occurs immediately before the legacy WUS resource, and,
b.	If an optional second group WUS resources is configured, that group WUS resource occurs immediately before the first group WUS resource.
Proposal 4	Group WUS location in relation to legacy WUS may be configured such that:
a.	If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,
b.	If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.
Proposal 5	Group WUS sequence design is down selected between
a.	Legacy WUS with shifted scrambling codes,
b.	Time-frequency short OCCs, or,
c.	Phase shifted legacy WUS using a suitable subset of the phase increments.
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