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[bookmark: _Ref409106980][bookmark: _Ref465843822]Introduction
In Rel-15, a work item (WI) for enhancement of NB-IoT is agreed. The objective is to further enhance the performance of NB-IoT by further reducing latency and power consumption, improving measurement accuracy, enhancing NPRACH reliability and range, and reducing system acquisition time etc. [1]. So far the following agreements and working assumptions are made [2]
	RAN1#91 agreements:
· The 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 WUS duration to the associated PO is configurable
· FFS the minimum duration
· FFS the configuration is explicit or implicitly derived
· The duration of WUS is configured per NB-IoT carrier 
· FFS: WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· Alt 1: The actual WUS duration is transmitted aligning to the start of the configured maximum duration of WUS.
· Alt 2: The actual WUS duration is transmitted aligning to the end of the configured maximum duration of WUS.
· There is a non-zero gap from the end of configured 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 network can enable or disable use of the WUS 
· How UE acquires information on WUS enabling/disabling is up to RAN2 decision
· 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
· WUS sequence is based on ZC-sequence
· When designing WUS sequence, negative impact on legacy NSSS detection should be avoided.

RAN1#91 Working assumptions:
· WUS sequence is a sequence mapping within one subframe as a basic unit and   
· repeated/extended for multiple subframes to support larger coverage (WA confirmed in RAN1#92).
· Prioritize to minimize impact on UE synchronization performance.
· FFS: detailed design on time-varying of the WUS signal


RAN1#92 agreements:
· The maximum duration of WUS is configured in SIB per NB-IoT carrier as one value from a list. 
· WUS actual transmission duration can be shorter than the configured maximum duration of WUS.
· 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

· 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

· 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.
· [bookmark: _Hlk510707003]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.
· 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)

RAN1#92 Working assumptions, confirmation depending on RAN4 feedback:
If RAN4 confirms the feasibility of RRM measurement relaxation in the part on NB-IoT WUS, the working assumption is automatically confirmed.
	on NB-IoT WUS:
· For UE operating WUS, UE is allowed to relax RRM measurements, at least for low mobility UEs, to once every N DRX cycles, where N is FFS
· The RRM measurement relaxation is enabled/disabled by the network.
· WUS can still be enabled by the network when the RRM measurement relaxation is disabled.
· Note: This does not imply any change in the random access procedure / power control / CE level selection, nor relaxations in the requirements related to the random access procedure.
· WUS provides sync of up to the timing/frequency offset resulting from not synchronizing for N DRX cycles
· FFS for eDRX case
· FFS whether N depends on the length of PTW.
· For 164dB MCL, there is a WUS configuration that enables sync for at least a value of N>1 for at least the smallest DRX cycle.
· FFS for other DRX cycles and values of N
· FFS whether N is fixed, configurable, or depends on the DRX cycle




RAN1#92 Working assumptions:
· 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
RAN1#92bis agreements:
· At least WUS/DTX is supported at least for paging for RRC_IDLE UEs
· 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
· 3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS
· 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 
· 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
· WUS can be time-varying from subframe to subframe.
· Besides information on cell ID, WUS signal is designed based on the following 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
· 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.
· WUS signal in a subframe is as follows, 
[image: ]
where LZC = 131 for in-band 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 in-band mode and 14 symbols for SA and GB modes
· Strive toward as much as possible commonality between SA/GB and in-band




In this contribution, we further discuss detailed design of Wake-Up Signal (WUS). 
Design of Wake-up Signal
In RAN1#92bis, it is agreed that the WUS signal for NB-IoT in a subframe is as follow [2]
					  (2.1)		
In the following we will address the remaining issues and undetermined variables in the above formula for the WUS signal design. 
Length of ZC for Standalone and guard-band
Although it is agreed that for in-band deployment the ZC sequence with length 131 is used as the base sequence i.e. LZC=131, however this value for standalone and guard-band deployment is still FFS. For these deployments, we can use cyclically extended of the same ZC to 168. However, since large part of the sequence would be repeated i.e. 37 values, this can destroy the cross-correlation property of the WUS to some extent and cause some high side lobes in the detection of the WUS using sliding window correlation. Another option is to use ZC of length 167 for standalone and guard-band deployments which preserves its property in case of circularly extension to 168, which is only one value. Figure 1 shows the cross correlation of generated WUS sequences (with different roots) for each ZC lengths explained above. As figure shows the cross correlation of WUS sequence is better for ZC of length 167. 
[image: ]
Figure 1 Cross correlation of WUS sequences of length 168 generated by circularly extended of ZC with length 167 and 131.
Observation 1: Circularly shifted ZC sequence of length 167 has slightly better cross-correlation performance compared to ZC sequence of length 131 for guard-band and standalone deployments.
Time-Varying nature of WUS 
 In previous meeting it is agreed that WUS can be time varying from subframe to subframe. As described in [3] there are two main reasons for this choice. First, is to randomize inter-cell interference of the sequences of the cell IDs that have poor cross correlation. For that matter, the scrambling is changed on subframe bases. In [4] an alternative for this solution is to introduce a time varying frequency phase shift. The problem with this solution is the possibility of large sidelobes due to the non-coherent sliding window detection of the WUS [3]. Therefore, it is not a good idea to have frequency phase shift on subframe bases in WUS signal
Proposal 1: Do not introduce any frequency phase shift in the WUS signal on subframe basis i.e.  in WUS agreed formula.
The second reason is to reduce the possibility of overlapping of different WUS in the same cell, similar to the problem that already exists for the POs overlapping in LTE, which currently is up to the eNB to resolve it by scheduling the channels in way that avoid any collision. And since WUS is shorter than PDCCH this should be a less of an issue for WUS. However, the timing information of the WUS can be included in the sequence design and included in the scrambling code similar to NPDSCH.
Observation 2: Including the timing information in the WUS can help avoiding WUS occasion overlapping in the same cell. 
Scrambling sequence 
[bookmark: _Hlk513729211]The main purpose of scrambling sequence is to randomize the inter-cell interference of WUS signals. However, some information can be carried by the scrambling sequence of WUS similar to that of NPDSCH or NPDCCH. The different ZC sequence roots can carries LSB of the Cell-ID up to 126 e.g.  . And the MSB of the Cell-ID i.e. , can be carried by the scrambling sequence. In the same manner for grouping of the UEs at each PO, the ID of the different groups  can be indicated by scrambling sequence, as well SFN index i.e. . For data and control channel in NB-IoT, this information is presented as part of the initialization of the Gold code with generator polynomial of length 31 [5]. Adopting the same solution for WUS will help reducing of standardization effort, and UE can apply the same circuitry for this purpose. Thus, it is proposed to use RE-level scrambling with length-31 Gold code sequence similar to downlink channels for NB-IoT e.g. introduced in 7.2 in [5], that is:
							(2.2)											
[bookmark: _Hlk513728959]Where  and  is initialized as , and  is initialized as . The information of that are needed to be carried by the WUS can be determined by proper initialization of the m-sequences similar to what is indicated in 10.2.5.5 in [5].  is initialized as follow so as to convey MSB of the cell ID, grouping and SFN:
	(2.3)
[bookmark: _GoBack]Assuming that . Also, to have a tradeoff between UE blind decoding complexity and power saving gain it is proposed to have , and one of the indices addresses all the UEs at the PO as explained in our contribution in [6]. We should notice that having the choice of , requires the UE to perform two hypotheses i.e. monitor at least two groups, its own and a super group, which should be considered as extra complexity in the detection method.
Observation 3: Having 4 UE groups at the PO requires UE to perform extra two hypotheses i.e. monitor at least two groups, its own and a super group.
We should note that the in actual resource mapping signal is multiplied with the following code:
									(2.4)
Proposal 2: RE-level scrambling sequence is introduced as a Gold code with lengh-31 generator according to equation (2.2). MSB of the Cell-ID, SFN value and group index at PO information are included in the scrambling sequence according to initialization and resource mapping equations (2.3) and (2.4).
Conclusions
Based on the discussions, we have the following proposals and observations regarding the detailed design of WUS. 
Observation 1: Circularly shifted ZC sequence of length 167 has slightly better cross-correlation performance compared to ZC sequence of length 131 for guard-band and standalone deployments.
Proposal 1: Do not introduce any frequency phase shift in the WUS signal on subframe basis i.e.  in WUS agreed formula.
Observation 2: Including the timing information in the WUS can help avoiding WUS occasion overlapping in the same cell. 
Observation 3: Having 4 UE groups at the PO requires UE to perform extra two hypotheses i.e. monitor at least two groups, its own and a super group.

Proposal 2: RE-level scrambling sequence is introduced as a Gold code with lengh-31 generator according to equation (2.2). MSB of the Cell-ID, SFN value and group index at PO information are included in the scrambling sequence according to initialization and resource mapping equations (2.3) and (2.4).
						(2.2)									
(2.3)
									(2.4)
Where  and  is initialized as , and  is initialized as .
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