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1	Introduction
[bookmark: _Hlk490150966][bookmark: _Hlk490165983]The following agreements related to UE power saving have been made in RAN1#95 [1]:
	Agreements:
· The power saving signal/channel for UE adaptation includes the following signals/channels for further study
· Existing signal/channel based power saving signal/channel
· PDCCH channel
· TRS, CSI-RS type  RS, SSS-like and DMRS
· PDSCH channel carried MAC CE and/or RRC signaling
· New power saving signal/channel – sequence based 

· The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  
· Network resource overhead  
· Resource and/or periodicity of power saving signal/channel
· Multiplexing capability
· Usage of resource
· Coexistence/multiplexing with existed signal/channel of Rel-15
· UE-specific, group-specific, cell-specific power saving signal/channel
· Detection performance
· Complexity
· Power consumption of the power saving signal/channel



In this contribution, the different aspects of candidate triggering signal are discussed.
2	Discussion on Potential Power Saving Triggering Signals
In this section, different UE power saving triggering signal candidates (i.e. signal or channel) for Rel-16 NR are discussed. 
To enable efficient integration of triggering signal into a system, it is highly important that a trigger signal or channel can be supported with minimal overhead. Overhead is not necessarily related only to the resource utilization, but how efficiently the trigger can be multiplexed with other, existing signals. This can actually be more important factor when considering the resulted overhead from system perspective, than the actual number of REs required by the signal. As also evident, that while the UE monitoring occasions for the trigger can be seen as periodic, the actual presence of the trigger (signal or channel) is dynamic. 
Observation 1: It is highly important that trigger design for evaluations also accounts efficient multiplexed with existing channel and signal structures.
When considering the requirements for the trigger signal/channel, from Rel-16 specifications and implementations point of view, it would be beneficial that a triggering signalling could be based on existing Rel-15 based signals or channels. Furthermore, it would be useful if same signal/channel could be used as multi-purpose triggering signal in different use-cases.  
Observation 2: It would be beneficial that triggering signalling could be based on existing Rel-15 based signal or channel. 
Table 1 provides the summary of different parameter values related to Rel-15 based power saving signals.
Table 1 summary of different parameter values related to Rel-15 based power saving signals.
	Potential power saving signal
	Parameter values

	SSS
	Gold-sequence based on two m-sequences of length 127 Res, contiguous in frequency allocation, cell-specifically configured.

	PDCCH DMRS
	Pseudo random sequence, length of 18, 36,72 and 144 Res, user-specifically configured, 1or 2 symbols in time, every 3rd RE in frequency allocation, multi-antenna transmission precoded

	TRS
	Pseudo random sequence, length of 288 Res, user-specifically configured, 2 separated symbols assigned into slot being 4 symbols apart from each others.

	PDCCH
	Aggregation levels: 1,2,8 and 16, 1 or 2 symbols associated with the length of CORESET, Polar coded transmission, multi-antenna transmission precoded 



Table 2 shows the summary of different power saving triggering signal candidates, i.e. PDCCH, TRS, DMRS of PDCCH, SSS and DCI based sequence (e.g. as in [2]), discussed in RAN1-95 meeting. In general, by using any time domain sequence detection method in OFDM based system, there are restrictions in multiplexing of other signals/channels into same OFDM symbol. Regarding to the time domain detection of sequence based signals, e.g. as DCI payload + DMRS as single time domain sequence , flexible multiplexing of different search spaces candidates associated with control channel elements (CCE)s in frequency per aggregation level of PDCCH is severely restricted. In other words, single time-domain sequence is fixed to a certain CCE and search space and aggregation combination in frequency. If CCEs are allocated differently in frequency and amount of them differs with respect to original one, another time-domain sequence is generated being not compatible with original one. Furthermore, to enable time domain detector operation,  guard bands in frequency around sequence are needed in transmission to enable filtering out transmitted sequence from received signal. 
Observation 3: Multiplexing of different Rel-15 channels/reference signals/signals into same OFDM symbol with in flexible manner time domain sequence detection schemes maybe challenging.
Similar to [2], Rel-15 SSS based approach enables UE to use a simple correlator receiver to detect sequence. However, the existing Rel-15 SSS sequence design has id space to cover the cell-specific configuration, which may not be directly suited for using it as user-specific wake-up signal. To accommodate the signal id space  and enable user-specific usage, a new sequence design for Rel-16 is required.

From the system point of view, DMRS of PDCCH provides support for efficient multiplexing with existing Rel-15 CORESET. From the perspective of UE, the detection complexity scales with the aggregation of different CCEs per search space as well as the blind detection of resources over different search space candidates.
Observation 4: DMRS of PDCCH provides support for efficient multiplexing with existing Rel-15 CORESET.
TRS provides support of  multiplexing with existing Rel-15 channels/signals/reference signals. However, due to the necessity of assigning at least two different OFDM symbols for TRS, scheduling restrictions are imposed with beam based operations. Furthermore, RS overhead is increased when using just as a wake-up signal. 
Observation 5: For beam based operation, TRS introduces scheduling restrictions at least for two OFDM symbols.
Regarding to the usage of PDCCH as wake-up signal, it  supports dynamic multiplexing with existing Rel-15 channels/signals/reference signals. User/group of user specific control channel with different content could provide support for multiple triggering options for UE/group of UEs power saving with minimal specification efforts for Rel-16. However, the decoding complexity of PDCCH can be a problem as follows: FFT computation, channel estimation for different CCE candidate sets and aggregation levels, blind decoding of different search space candidates, decoding of polar coding.
Observation 6: PDCCH enables efficient support for multiplexing with existing Rel-15 channels/signals/reference signals. Furthermore, support for multiple triggering options for UE/group of UEs power saving with minimal specification efforts for Rel-16 can be provided.        
[bookmark: _Ref534904313]Table 2 Summary of different power saving triggering signal candidates in RAN1-95.
	
	Channel based
	Sequence based

	
	PDCCH (Rel-15)
	TRS (NZP-CSI-RS, Rel-15)
	DMRS of PDCCH (Rel-15)
	SSS (Rel-15)
	DCI + DMRS based Sequence 

	Pros
	Support for efficient multiplexing with existing Rel-15 signals and channels. 
Support for multiple UE power saving triggering options with minimal specification efforts. 
For multi-antenna transmission, precoding provides additional detection reliability gain in term of diversity.    
	Support for multiplexing with existing Rel-15 signals and channels
	Support for multiplexing within Rel-15 CORESET. 
For multi-antenna transmission, precoding may provide additional detection reliability gain in term of diversity.

	Simple correlator receiver
	Simple time domain correlator receiver, no need for blind decoding and channel decoding
Larger effective sequence length compared with other sequence based schemes.  

	Cons
	Decoding complexity covering; FFT computation, channel estimation for different CCE candidate sets and aggregation levels, blind decoding of different search space candidates, decoding of polar coding. 
	Scheduling restrictions are imposed at least for two different OFDM symbols with beam based operations. 
RS overhead increases when using it as wake-up signal.  
	Detection complexity: When increasing the number of search space set candidates and aggregation levels, the computational complexity of sequence detection increases 
	Requires new sequence design in Rel-16.
	Time domain detection of DCI payload + DMRS sequence restricts flexible multiplexing of Rel-15 channels/signals/reference signals into same OFDM symbol. 



Proposal 1: Prioritize Rel-15 PDCCH as multi-triggering power saving signal for Rel-16.  
3  Detection Performance of Potential Signals and Channels
In this section detection, the comparison of detection performance related to different power saving signal candidates, discussed in previous section, is made. More specifically, the probability of detection, i.e. hit-rate, miss-detection rate and false alarm detection performance is evaluated with link-level simulations in TDL-A 30ns channel with 15KHz sub-carrier-spacing and carrier central frequency 4GHz. Further details of link-level simulation parameters can be found in Table 3. For other signals/channels than PDCCH DCI+DMRS, frequency domain detector is assumed, while PDCCH DCI+DMRS uses time domain detector.
Figure 1 shows the performance comparison of different power saving signal candidates with probability of detection metric. As can be seen, at low SNR values the time domain detection of PDCCH DCI + DRMS Seq. w/ 24 PRBs outperforms other candidates. The reason for this is that effective sequence length for the sequence detection is longer than in other sequence-based schemes. Furthermore, a time domain detection of long sequence outperforms slightly even Rel-15 PDCCH transmission with the aggregation level of 16. When SNR increases, regular PDCCH transmission outperforms other candidates. It is worth noting that in practise there effective coverage is limited by PDCCH.          
[image: ]
[bookmark: _Ref534934489]Figure 1. Performance comparison of different power saving signal candidates with probability of detection metric.
Observation 7: When the probability of detection performance is considered, the time domain detection of DCI+DMRS sequence outperforms other candidates at low SNR values. By increasing SNR operation point, regular PDCCH transmission outperforms other candidates.
Figure 2 shows the performance comparison of candidate scheme with probability of miss-detection. As shown, again the time domain detection of DCI+DMRS sequence and Rel-15 PDCCH outperform other schemes. 
    
[image: ]
[bookmark: _Ref534976201]Figure 2 Performance comparison of different power saving signal candidates with probability of miss-detection metric. 

Figure 3 shows the performance comparison of different power saving signal candidates with false-alarm metric. Since False-alarm rate of regular PDCCH, TRS, PDCCH+DMRS w/ 96PRB fall below the threshold of 10-4 performance, the false-alarm results of aforementioned candidates are not shown.     
[image: ]
[bookmark: _Ref534980856]Figure 3 Performance comparison of different power saving signal candidates with false-alarm metric.





[bookmark: _Ref534935307]Table 3 Link-level simulation parameters for detection performance evaluation.
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3	Conclusions
In this contribution, different power saving triggering signals for Rel-16 have been considered. Based on the discussion, the following observations and proposals have been made in relation to power saving triggering signals in Sections 2:
Observation 1: It is highly important that trigger design for evaluations also accounts efficient multiplexed with existing channel and signal structures.
Observation 2: It would be beneficial that triggering signalling could be based on existing Rel-15 based signal or channel. 
Observation 3: Multiplexing of different Rel-15 channels/reference signals/signals into same OFDM symbol with in flexible manner time domain sequence detection schemes maybe challenging.
Observation 4: DMRS of PDCCH provides support for efficient multiplexing with existing Rel-15 CORESET.
Observation 5: For beam based operation, TRS introduces scheduling restrictions at least for two OFDM symbols.
Observation 6: PDCCH enables efficient support for multiplexing with existing Rel-15 channels/signals/reference signals. Furthermore, support for multiple triggering options for UE/group of UEs power saving with minimal specification efforts for Rel-16 can be provided.        
Proposal 1: Prioritize Rel-15 PDCCH as multi-triggering power saving signal for Rel-16.  
In section 3 we presented initial results comparing the different potential signals and channels and make the following observation:
Observation 7: When the probability of detection performance is considered, the time domain detection of DCI+DMRS sequence outperforms other candidates at low SNR values. By increasing SNR operation point, regular PDCCH transmission outperforms other candidates.
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