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	· Power consumption reduction for physical channels
· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]
· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]


Background
RAN1 has discussed the detailed design of Wake-up signal by several meeting and has the following agreements:
	Agreements in RAN1#92bis
· 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 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

Agreements in RAN1#92
· 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)

Agreements in RAN1#91: 
· 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.

Working assumption
· WUS sequence is a sequence mapping within one subframe as a basic unit and repeated/extended for multiple subframes to support larger coverage.
· Prioritizie to minimize impact on UE synchronization performance.
· FFS: detailed design on time-varying of the WUS signal

Send LS (R1-1721193) capturing the above agreements related to RAN2/4 specifications. - Xiaolei (Hisilicon)
Final LS is agreed in R1-1721241

Agreements in RAN1#90bis: 
· WUS signal is at least cell-specific;
· FFS scrambling of WUS including time varying scrambling
· Long ZC sequence based signal is considered as the starting point for WUS signal:
· FFS: whether the sequence can span over multiple subframes
· FFS: whether accumulated multiplication is applied between sub-sequences from the long ZC sequence to reduce the impact of frequency error;
· FFS: Support transmit diversity for NB-IoT WUS 
· FFS: NSSS like signal is used as the wake-up signal


Summary of discussion points
Summary of input
	Source
	Related proposals

	Huawei, HiSilicon
	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

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.

	Ericsson
	Proposal 1: Do not introduce any frequency phase shift in the WUS signal on subframe basis i.e.  in WUS agreed formula.
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 .

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.
Observation 2: Including the timing information in the WUS can help avoiding WUS occasion overlapping in the same cell.

	ZTE, SaneChips
	Proposal 1: The following information should be carried by WUS signal: cell ID, starting frame index of the PO and the subframe index information of WUS.

Proposal 2: RE-level cover codes/RE-level scrambling sequence  is Gold sequence.
Proposal 3: ZC sequence can be used to convey the information of cell ID. The Gold sequence can be used to convey the information of starting frame index of the PO and subframe index information,

,

,

.
Proposal 4: Existing sequence-group hopping of ZC sequence can be introduced to further reduce inter-cell interference.
Proposal 5: The same WUS signal design in in-band mode is reused for Guard-band/Standalone mode unless WUS detection performance cannot be guaranteed.

	MediaTek Inc.
	Proposal 2: Time varying WUS design can be used to randomnize interference between WUS in case of bad cell ID pairs.

Observation 1: Time varying WUS design does not add to receiver complexity for averaging and early WUS detection termination. 
Observation 2: WUS design linked to UE group can help reduce ambiguity in case inter-cell WUS configurations overlap.

	Samsung
	Proposal: The sequence  used for the narrowband wake up signal is generated from a frequency-domain ZC-sequence according to 

where 





and  is the narrowband physical layer cell identity,  is the relative subframe index within the transmission duration of WUS, and  is a cover code (orthogonal to  in NSSS sequence) given by 
	

	[1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1 
  1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1 
  1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1 
 -1 1 1 -1 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 -1 1 1 -1 1 -1 -1 1 1 -1 -1 1 -1 1 1 -1 ]




	LG Electronics
	Proposal 1: For the wake up signal design for guard-band/standalone modes, the 11 consecutive symbols in a subframe have same signal design with the wake up signal for in-band mode.
Proposal 2: Sequence used for the wake up signal for all operation modes is generated according to
[image: ]
Proposal 3: For the wake up signal, four cyclic shift values can be used as follows.
[image: ]
Proposal 4: Binary sequence(s) for NSSS is(are) reused for wake up signal.

Observation 1: Existing NSSS performance is not degraded due to the NSSS like wake up signal with modified cyclic shift value or RE mapping rule.
Observation 2: Cross correlation property of ZC sequence + Hadamard sequence + Cyclic shift is slightly better than ZC sequence + Gold sequence.

	Qualcomm Incorporated
	In each subframe unit, the WUS sequence is illustrated as:

,
wherein b(m) is a cover code using a 127-length Gold sequence, given by


with 


initialized by 



Proposal 1: The inband-mode WUS sequence conveys the cell ID, UE group ID as well as part of the SFN information by using the 131-ZC sequence and the cover code based on 127-Gold sequence.
Proposal 2: The WUS sequence conveys the UE group ID and SFN information in a set of 8 cyclic shifts of the cover code and the total number of UE groups are configured and broadcast by network.
Proposal 3: The SA/GB-mode WUS sequence is generated by reusing the inband-mode WUS by repeating the last 3 symbols as the front 3 symbols.
Proposal 4: Use symbol-level PN scrambling sequence, initialized at the beginning of WUS as


Observation 1: WUS using max 8 Gold sequence cyclic shifts in the cover codes to carry UE group ID and SFN information still have good cross-correlation properties.
Observation 2: Phase shift may introduce sidelobes of cross correlation in the presence of timing drift, resulting in higher WUS false alarm.

	Nokia, Nokia Shanghai Bell
	Proposal 1: The cell ID and the UE group ID (if introduced) are conveyed by the RE-level cover code or scrambling sequence.
Proposal 2: The SFN and the starting subframe of the WUS are conveyed by the RE-level cover code or scrambling sequence.

	OPPO
	Proposal 1: WUS  shall convery the paging group ID.



Further detailed design of WUS signal based on the agreements in RAN1#92bis

It was agreed in RAN1#92bis that WUS signal is as follows:
[image: ]
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

To resolve the FFS points, proponents give proposals which are summarized in the following table:

	Source
	Design of RE-level cover codes / RE-level scrambling sequence c(m)
	Design of phase shift 
	Design for SA/GB modes

	Huawei, HiSilicon
	Gold sequences
	
	Copy OFDM symbol {3,4,7} to the first 3 OFDM symbols of the subframe

	Ericsson
	Gold sequences
	
	N/A

	ZTE, SaneChips
	Gold sequences
	

	Cyclic extension

	MediaTek Inc.
	N/A
	N/A
	N/A

	Samsung
	One fixed Hardmard code
	 
	N/A

	LG Electronics
	Reuse 4 Hardmard code of NSSS
	
	Cyclic extension of the Hardmard code and ZC sequence;
The last 11 OFDM symbols are the same for IB/SA/GB modes

	Qualcomm Incorporated
	Gold sequences
	
	Copy the last 3 OFDM symbols to the first 3 OFDM symbols of the subframe

	Nokia, Nokia Shanghai Bell
	N/A
	N/A
	N/A



Based on the input from companies, the following proposals are recommended to be agreed based on the majority view.
Potential proposal #1:  
· Gold sequence is used as the RE-level cover codes/RE-level scrambling sequence c(m), and phase shift θ=0.
· Detailed design of c(m):
· Alt 1: c(m) is generated similar to the symbol-level scrambling sequence of Rel-14 NPDCCH/NPDSCH.
· Alt 2: c(m) is a combination of 127-length Gold sequence and Alt 1.
· Detailed design on time-varying of the WUS signal
· Alt 1: the Gold sequence c(m) shall be initialized at the start of each WUS subframe
· Alt 2: the Gold sequence c(m) shall be initialized only at the starting subframe of WUS

Potential proposal #2:  
· For Guard Band and Standalone modes, the WUS signal in a subframe is generated as follows:
· The WUS signal in the last 11 OFDM symbols are exactly the same as that under inband mode
· Copy 3 OFDM symbol from the last 11 OFDM symbols to the first 3 OFDM symbols of the subframe
· Narrow down from following alternatives regarding which 3 OFDM symbols are copied:
· Alt.1: OFDM symbol {3,4,7};
· Alt.2: the last 3 OFDM symbols

Potential proposal #3:  
· For in-band mode, WUS is punctured at RE-level by CRS.

The detailed design of C(m)
To follow the majority view, it is recommended that c(m) is Gold sequences. If this is agreed based on the above potential proposal 1, the initial value of c(m) needs to be further decided. Following table summarize the input on the design of c(m) in case c(m) is a Gold sequence.
Summary of company views on c(m)

	Source
	In case c(m) is a Gold sequence, detailed design of the initialization seed 

	Huawei, HiSilicon
	· If UE sub-grouping is not introduced: 
· If UE sub-grouping is introduced: 

	Ericsson
	

	ZTE, SaneChips
	


	Qualcomm Incorporated
	· 

· 



· Needs further discussion when we have conclusion on section 3.2.

Transmit diversity of WUS
Issue description
It was agreed in RAN1#91 as follows regarding transmit diversity of WUS. However, the value of X has not been decided.
Agreements in RAN1#91: 
· 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

Summary of company views
	Companies
	View summary
	Related proposals

	Huawei, HiSilicon
	Support transmit diversity for WUS;
The transmit diversity pattern is not signalled;
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.
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.

	Qualcomm
	Support transmit diversity for WUS;
The transmit diversity pattern is signalled;
X=1 and/or 2
	Proposal 5: The WUS transmit diversity by using more than 2 antennas should be considered to further reduce the required WUS duration.
Proposal 7: Indicate tx diversity on/off and tx pattern for tx diversity per carrier.
· In case of no transmit diversity, X subframes for coherent detection is dependent on UE implementation.
· In case of tx diversity, WUS sequence with X={1 and/or 2} can be considered for WUS pattern.
· X=1
· X=2
· X=1 for 1st 2 subframes and X=2 for the remaining subframes 

Observation 3: 
· If no transmit diversity, X subframes for coherent detection is dependent on UE implementation.
· The transmit diversity at eNB side with 4 tx antenna switching significantly reduce the required WUS duration.
Observation 4: If four-antenna switching every X subframes,
· The WUS pattern with X=1 only requires UEs to detect WUS duration of around 1ms/2ms/12ms for MCL=144/154/164dB, respectively. 
Observation 5: If 2-antenna switching every X subframes,
· WUS with X=2 and 4 can further improves the detection performance than X=1. 
· WUS with X=4 is slightly more sensitive to frequency offset than that of X=2.
Observation 6: If two-antenna switching every X subframes,
· Compared with other patterns, TxPattern3 (txd=2, mixed X=1 and 2) is best for UEs in different coverage.
· The UEs in MCL=164dBm requires 24ms to achieve 1% WUS miss detection error by using TxPattern3 (close to 22ms based on TxPattern2), 30% less than 34ms of TxPattern1.
· The UEs in MCL=154dBm only requires 2ms for early termination if using TxPattern3 (same as TxPattern1), 50% less than 4ms of TxPattern2. 



Only one company is proposing a value other than 1 and any signaling, therefore:

Potential proposal #4:  
· X=1.
· UE shall not assume that the WUS is transmitted on the same antenna port as any of the downlink reference signals or synchronization signals.

Appendix A: Summary of input contributions for detailed design of wake-up signal
	No.
	Tdoc
	Type
	Source
	Title
	Status

	1
	R1-1805965
	discussion
	Huawei, HiSilicon
	On detailed design and evaluations of power saving signal
	present

	2
	R1-1806160
	discussion
	Nokia, Nokia Shanghai Bell
	Considerations for design of wake-up signal
	present

	3
	R1-1805997
	discussion
	MediaTek
	Wake Up Signal Design for NB-IoT
	present

	4
	R1-1805856
	discussion
	Ericsson
	Detailed design of wake-up signal for NB-IoT
	present

	5
	R1-1806193
	discussion
	ZTE, sanechips
	Details design of wake up signal for NB-IoT
	present

	6
	R1-1806688
	discussion
	Samsung
	Wake up signal Design
	present

	7
	R1-1806590
	discussion
	LGE
	Wake up signal design in NB-IoT
	present

	8
	R1-1807109
	discussion
	Qualcomm
	Detailed design of Wake-up signal sequence
	present
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m = n mod (Length of RE-level cover codes/RE-level scrambling sequence c¢(m))




