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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#92bis [1], the following agreements were made with respect to the detailed design of power saving signal.
Agreement
· 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
Agreement
· 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.
Agreement
WUS signal in a subframe is as follows,
[image: ]
where LZC = 131 for inband mode (FFS for SA and GB modes)
· [bookmark: _Hlk511920673]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

In this paper, we provide the detailed design of the power saving signal and the corresponding evaluation results.
Detailed design of WUS sequence
In this section, we present the detailed design of WUS sequence for IB/GB/SA modes, including how to convey the necessary information.
Information conveyed by WUS
It has been agreed in RAN1#92bis [1] that WUS can be time-varying from subframe to subframe. And 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
If the WUS sequence needs to be repeated, the repetitions need to be different from each other to prevent false detection. Otherwise, if all repetitions are exactly the same, the UE may wrongly detect the WUS sequence at the start of e.g. the second subframe of the power saving signal which causes serious timing error. Moreover, according to the practice of designing the scrambling mechanism of SIB1-NB and MIB-NB [3-6], it is known that if combination among multiple repetitions are applied, the repetitions need to be different from each other to reduce inter-cell interference.
Observation 1: If the WUS repetitions are not distinguished, UE may detect WUS at wrong timing position and may suffer from serious inter-cell interference.
Proposal 1: WUS repetitions need to be distinguishable from one another.
Detailed design of WUS sequence for IB mode
In RAN1#92bis [1], it has been agreed that for in-band mode, LZC=131 and 11 symbols are available for WUS transmission.
[bookmark: _Ref129681832]For in-band mode, we propose that the WUS signal in a subframe is generated as follows:





c(n) is a RE-level scrambling sequence and is generated similar to the symbol-level scrambling sequence of Rel-14 NPDCCH/NPDSCH. Specifically, c(n) is generated based on a binary sequence  as follows:

The binary sequence is a Gold sequence initialized at the start of each WUS subframe, and the initializing seed is:
· , if UE sub-grouping is not introduced
· , if UE sub-grouping is introduced
The initializing seed conveys the necessary information as follows:
· : conveys part of the cell ID
· : conveys the timing information of the starting subframe of the PO to prevent false alarm among POs
· : conveys the timing information of the WUS repetition so that WUS is time-varying from subframe to subframe
· : conveys the UE group ID and is used to differentiate UE groups, where  represents the total number of UE sub-groups corresponding to a PO, and the exact value of  is FFS
Furthermore, as described above, the necessary information can be conveyed through RE-level scrambling sequence and ZC root index. We do not see a strong need to use a variable phase shift  to convey information. And the cross-correlation properties of using the phase shift  to convey information is unclear. Thus we suggest in the agreement for in-band that θ = 0. 
Observation 2: The necessary information can be conveyed through RE-level scrambling sequence and ZC root index. There is no need to use the phase shift  to convey information. The cross-correlation properties of using the phase shift  to convey information is unclear.
Proposal 2: For in-band mode, the WUS signal in a subframe is generated as follows:





c(n) is a RE-level scrambling sequence and is generated based on a binary sequence  as follows:

The binary sequence is a Gold sequence initialized at the start of each WUS subframe, and the initializing seed is:
· , if UE sub-grouping is not introduced
· , if UE sub-grouping is introduced
Since the timing information of the WUS repetition is conveyed in WUS signal, there is no need to convey (part of) the SFN information.
Proposal 3: If the timing information of the WUS repetition is conveyed in WUS signal, there is no need to convey any part of the SFN information.
For in-band, we propose that WUS is punctured at RE-level by CRS, which is similar to NRS.
Proposal 4: For in-band, WUS is punctured at RE-level by CRS.
Detailed design of WUS sequence for GB/SA mode
In RAN1#92bis [1], it has been agreed that for GB/SA mode, LZC is FFS and 14 symbols are available for WUS transmission, and to “Strive toward as much as possible commonality between SA/GB and inband”.
From UE vendors’ perspective, it is preferred to keep the last 11 OFDM symbols under IB mode and GB/SA mode the same, which can simplify the UE implementation. With this in mind, we propose that for GB/SA mode, the WUS signal in a subframe is generated as follows:
· Step 1: The WUS signal in the last 11 OFDM symbols are exactly the same as that under IB mode
· Step 2: 3 of the last 11 OFDM symbols are copied to the first 3 OFDM symbols of the subframe
Step 1 & 2 are illustrated in Figure 1. Note that for NB-IoT, NRS exists on OFDM symbol {5, 6, 12, 13}. Since WUS detection is performed without channel estimation and channel equalization, there is no need to copy NRS to the first 3 OFDM symbols. So for Step 2, we propose to copy OFDM symbol {3, 4, 7} to the first 3 OFDM symbols.

Figure 1 WUS signal generation for GB/SA mode

The advantages of our proposed WUS sequence design for GB/SA mode are threefold:
· The last 11 OFDM symbols under IB mode and GB/SA mode are the same, which can simplify the UE implementation.
· There are 3 pairs of identical OFDM symbols within one subframe, which is beneficial in terms of frequency error estimation. 
· We propose to copy OFDM symbol {3, 4, 7}, where NRS does not exist, to the first 3 OFDM symbols, which increases the number of REs for WUS signal.
Proposal 5: For GB and SA modes, the WUS signal in a subframe is generated as follows:
· Step 1: The WUS signal in the last 11 OFDM symbols are exactly the same as that under IB mode
· Step 2: OFDM symbols {3,4,7} are copied to the first 3 OFDM symbols of the subframe
Transmit diversity
It is well known that transmit diversity can improve the detection performance of a signal/sequence by introducing more time/space diversity gain, so it should also be considered for WUS.
In RAN1#91 [2], it was agreed that UE can assume all the REs for transmission of WUS in a given subframe use the same antenna port, and the UE shall not assume the transmission of WUS in more than X consecutive subframes use same antenna port. The value of X is FFS.
To enjoy the most transmit diversity gain and to make the eNB’s scheduling flexible, we propose X=1.
Proposal 6: X=1, which means the UE shall not assume that the transmissions of the WUS in a given subframe use the same antenna port, or ports, as the WUS in any other subframe.
Moreover, to reduce the signaling overhead and make the eNB’s scheduling flexible, we prefer not to signal the transmit diversity pattern of the WUS to UE.
Proposal 7: The transmit diversity pattern of the WUS is not signaled to UE.
Same as NPSS or NSSS, UE shall not assume that the WUS is transmitted on the same antenna port as any of the downlink reference signals or synchronization signals.
Proposal 8: UE shall not assume that the WUS is transmitted on the same antenna port as any of the downlink reference signals or synchronization signals. 
Conclusions
In this paper, the detailed sequence design for power saving signal are provided. The following proposals and observations are made.
Proposal 1: WUS repetitions need to be distinguishable from one another.
Proposal 2: For in-band mode, the WUS signal in a subframe is generated as follows:





c(n) is a RE-level scrambling sequence and is generated based on a binary sequence  as follows:

The binary sequence is a Gold sequence initialized at the start of each WUS subframe, and the initializing seed is:
· , if UE sub-grouping is not introduced
· , if UE sub-grouping is introduced
Proposal 3: If the timing information of the WUS repetition is conveyed in WUS signal, there is no need to convey any part of the SFN information.
Proposal 4: For in-band, WUS is punctured at RE-level by CRS.
Proposal 5: For GB and SA modes, the WUS signal in a subframe is generated as follows:
· Step 1: The WUS signal in the last 11 OFDM symbols are exactly the same as that under IB mode
· Step 2: OFDM symbols {3,4,7} are copied to the first 3 OFDM symbols of the subframe
Proposal 6: X=1, which means the UE shall not assume that the transmissions of the WUS in a given subframe use the same antenna port, or ports, as the WUS in any other subframe.
Proposal 7: The transmit diversity pattern of the WUS is not signaled to UE.
Proposal 8: UE shall not assume that the WUS is transmitted on the same antenna port as any of the downlink reference signals or synchronization signals. 

Observation 1: If the WUS repetitions are not distinguished, UE may detect WUS at wrong timing position and may suffer from serious inter-cell interference.
Observation 2: The necessary information can be conveyed through RE-level scrambling sequence and ZC root index. There is no need to use the phase shift  to convey information. The cross-correlation properties of using the phase shift  to convey information is unclear.
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exactly the same as that under IB mode


