3GPP TSG RAN WG1 Meeting #100-e	R1-2000215
February 24 – March 6, 2020

Agenda Item:	6.2.2.1
Source:	Huawei, HiSilicon
Title:	Corrections on UE-group wake-up signal
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In NB-IoT Rel-16, the agreements related to UE-group wake-up signal are summarized in [1]. A number of agreements are missing or incorrectly captured in the Rel-16 specifications. This paper presents text proposals for TS 36.213 and TS 36.211.
Two NWUS
	[bookmark: _Toc529800342]Agreement
A common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.
· FFS: Whether the above is also applicable for Rel-15 WUS UEs
· FFS: Whether to support waking up a subset of all WUS UE groups

Agreement
A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs


As shown in the agreements above, in Rel-16 Group WUS, a UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.
Accordingly, the following sentence is newly added in TS 36.213, i.e., “A NB-IoT UE can be configured with up to two NWUS”.
	… (Copied from TS 36.213) …
16.9	UE procedure for receiving narrowband wake up signal
A NB-IoT UE can be configured with up to two NWUS.
…


The meaning of “two NWUS” in the current specification is not clear and it seems the two agreements above are not well captured. It is then suggested to clarify the meaning of “two NWUS”, i.e., a UE needs to monitor both group NWUS and common WUS.
Proposal 1: Adopt the TP in Annex A for TS 36.213.
WUS location
	[bookmark: _Toc5719908][bookmark: _Ref5352343]Agreement
A UE is required to monitor WUS(s) in only one WUS (T/F) resource location

Agreement
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.

[bookmark: _Toc5719912]Agreement
Group WUS location in relation to legacy WUS may be configured such that:
· [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,
· [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.

Agreement


[bookmark: _Toc21948643]The group WUS resource that may coincide with legacy WUS is assigned  and the preceding group WUS resource is assigned .


As shown in the agreements above, in Rel-16 Group WUS, up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. And a UE is required to monitor WUS(s) in only one WUS (T/F) resource location. The WUS location is briefly illustrated in Figure 1.
[image: ]
[bookmark: _Ref31465819]Figure 1 Illustration of WUS location
In the current specification TS 36.213, the agreements related to WUS location are captured as follows:
	… (Copied from TS 36.213) …
16.9	UE procedure for receiving narrowband wake up signal
A NB-IoT UE can be configured with up to two NWUS.

A NB-IoT UE using NWUS can assume the actual duration of NWUS, starting in subframe w0, is one of the values in the set listed in Table 16.9-1 corresponding to the maximum duration of NWUS, , configured by higher layers. The maximum duration of NWUS starts in subframe w0, where w0 is the latest subframe such that there is a total of  NB-IoT DL subframes and subframes #4 carrying SystemInformationBlockType1-NB in the maximum duration and a total of  NB-IoT DL subframes and subframes #4 carrying SystemInformationBlockType1-NB in the duration that ends in subframe (g0-1), where g0 is defined by [14] and  is the NWUS resource that the UE is associated to as defined in [3]. The UE may assume that NWUS and its associated NB-IoT paging occasion subframes are on the same NB-IoT carrier.
…


Since there are two numbers in the sentence above, i.e., “… where w0 is the latest subframe such that there is a total of  NB-IoT DL subframes … and a total of  NB-IoT DL subframes …”, the exact location of w0 is unclear. So it is proposed to adopt the text proposal in Annex B for better clarification.
Proposal 2: Adopt the TP in Annex B for TS 36.213.
DL gap for group WUS
In legacy NB-IoT, in order to avoid blocking the DL channel due to long transmission caused by large repetitions, there is DL GAP for paging, i.e. if the Rmax for type 1 CSS is larger than or equal to Ngap,threshold, the NPDCCH scrambled by P-RNTI would have DL gaps and the NPDCCH transmission for paging would be postponed. The type-1 CSS Rmax is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}. The DL gap configuration is shown below.
DL-GapConfig-NB-r13	::=		SEQUENCE {
	dl-GapThreshold-r13			ENUMERATED {n32, n64, n128, n256},
	dl-GapPeriodicity-r13		ENUMERATED {sf64, sf128, sf256, sf512},
	dl-GapDurationCoeff-r13		ENUMERATED {oneEighth, oneFourth, threeEighth, oneHalf}
}

DL-GapConfig-NB-v1530	::=	SEQUENCE {
	dl-GapPeriodicity-v1530		ENUMERATED {sf1024}
}

In Rel-16, the maximum duration of one group WUS is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024} and there could have two group WUS resources. If two group WUS resources are configured so the total WUS actual duration is doubled i.e. {2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048} compared to Rel-15, which results in a case that its length can be the same as type-1 CSS Rmax {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}. In this case group WUS transmission would also block the DL channel e.g. unicast NPDCCH/NPDSCH for other UEs. For example for  then total group WUS resource occupies 1024 NB-IoT DL subframes, in which period the eNB cannot schedule for other UEs with good coverage.
And based on the current spec, if these 1024 NB-IoT DL subframes are used for paging (i.e. Type-1 CSS Rmax=1024), then there can be DL gaps among these 1024 NB-IoT DL subframes. But there are no DL gaps if these 1024 NB-IoT DL subframes are used for group WUS transmission.
To solve this issue, the DL gap mechanism also needs to be introduced for group WUS transmission. That is, the group WUS transmission can have DL gaps if the maximum duration of WUS LNWUSmax is larger than or equal to Ngap,threshold which is the same with the DL gaps in paging. And the group WUS transmission in DL gaps can be dropped because postpone may result in the collision with next group WUS or paging NPDCCH. And the time reserved for UE to wake up to monitor paging after detected group WUS maybe reduced. 
Proposal 3: DL gap for group WUS transmission is supported if  is larger than or equal to .
Proposal 4: Group WUS transmission in DL gap is dropped.
Proposal 5: Adopt the TP in Annex C for TS 36.211.
Conclusion
The contribution discusses the corrections on UE-group wake-up signal. The proposals based on the analysis in the contribution are summarized as following:
Proposal 1: Adopt the TP in Annex A for TS 36.213.
Proposal 2: Adopt the TP in Annex B for TS 36.213.
Proposal 3: DL gap for group WUS transmission is supported if  is larger than or equal to .
Proposal 4: Group WUS transmission in DL gap is dropped.
Proposal 5: Adopt the TP in Annex C for TS 36.211.
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Annex A. TP on two NWUS for TS 36.213
	---------------------------------------------- Start of Text Proposal ---------------------------------------
-------------------------------------------- Unchanged parts omitted --------------------------------------
16.9	UE procedure for receiving narrowband wake up signal
A NB-IoT UE can be configured with up to two NWUS, i.e., the group NWUS and the common WUS.
-------------------------------------------- Unchanged parts omitted --------------------------------------
---------------------------------------------- End of Text Proposal ----------------------------------------


Annex B. TP on WUS location for TS 36.213
	---------------------------------------------- Start of Text Proposal ---------------------------------------
-------------------------------------------- Unchanged parts omitted --------------------------------------
16.9	UE procedure for receiving narrowband wake up signal
A NB-IoT UE can be configured with up to two NWUS.

A NB-IoT UE using NWUS can assume the actual duration of NWUS, starting in subframe w0, is one of the values in the set listed in Table 16.9-1 corresponding to the maximum duration of NWUS, , configured by higher layers. The maximum duration of NWUS starts in subframe w0, where w0 is the latest subframe such that there is a total of  NB-IoT DL subframes and subframes #4 carrying SystemInformationBlockType1-NB in the maximum duration and a total of  NB-IoT DL subframes and subframes #4 carrying SystemInformationBlockType1-NB in the duration that ends in subframe (g0-1), where g0 is defined by [14] and  is the NWUS resource that the UE is associated to as defined in [3]. The UE may assume that NWUS and its associated NB-IoT paging occasion subframes are on the same NB-IoT carrier.
-------------------------------------------- Unchanged parts omitted --------------------------------------
---------------------------------------------- End of Text Proposal ----------------------------------------



Annex C. TP on DL gap for group WUS for TS 36.211
	---------------------------------------------- Start of Text Proposal ---------------------------------------
-------------------------------------------- Unchanged parts omitted --------------------------------------
10.2.6B.2	Mapping to resource elements
…
A resource element  overlapping with resource elements where cell-specific reference signals according to clause 6.10 are transmitted or NRSs according to clause 10.2.6 are transmitted shall not be used for NWUS transmission but is counted in the mapping process.






[bookmark: _GoBack]A subframe overlapping with DL gaps shall not be used for the transmission of group NWUS and common NWUS with  but is counted in the mapping process, if where  is given by the higher layer parameter dl-GapThreshold and is given in [4]. The gap starting frame and subframe is given by  where the gap periodicity,is given by the higher layer parameter dl-GapPeriodicity. The gap duration in number of subframes is given by , where  is given by the higher layer parameter dl-GapDurationCoeff.
-------------------------------------------- Unchanged parts omitted --------------------------------------
---------------------------------------------- End of Text Proposal ----------------------------------------
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