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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was captured in TR38.889 [1]
The detection of a gNB's transmission burst by the UE has been studied, and concerns on the UE power consumption required for Tx burst detection e.g. if the UE needs to frequently detect/monitor the PDCCH have been raised. The proposals that have been made by contributions regarding these topics include existing NR signal(s) with potential enhancement(s), a channel such as PDCCH with potential enhancement(s), and the 802.11a/802.11ax preamble with potential enhancement(s); consensus was not achieved on any of these proposals. The detection/decoding reliability of each of the proposals has not been sufficiently evaluated for a complete evaluation of the proposals against each other. 

In RAN1#94, the following technical points on initial signal have been discussed [2]
· Benefits of using a signal that facilitates its detection with low complexity can be investigated. Study which signal(s) as part of a DL TXOP serves/improves one or more of the following
· Serving cell transmission burst acquisition
· E.g. for AGC/AFC
· Serving cell DL transmission identification
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network
· FFS: further usage scenarios
Note: To be discussed if such a signal is present in all DL TXOPs or only in parts
· Candidates
· Existing NR signal(s) with potential enhancements, e.g.
· PSS/SSS
· Based on WiFi 802.11a preamble
· Other signal(s)

[bookmark: _Ref129681832]In this contribution, we mainly discuss the details of all candidates that could be used as initial signal and corresponding link-level simulations are also provided. 

Overview of NR initial signal candidates
NR-U is expected to have multiple mini-slot/symbol-level starting points to allow prompt access into channels. One issue arising along with the flexible starting point of DL/UL transmission is how to identify the start of DL/UL burst. In DL, unnecessary PDCCH blind-decoding could be avoided by introducing an ‘initial signal’ since blind-decoding imposes high requirement of UE capability and significantly decreases battery life of the device. 
Group-common PDCCH DMRS could be a potential candidate as initial signal. An alternative approach is through detection of group-common PDCCH. 802.11a preamble is also identified as a candidate for initial signal which also facilitates co-existence between NR-U and WiFi devices. 
In the following sub-sections, details of each candidate for evaluation will be provided. As initial signal is only detected by the UE that already connected the serving cell, synchronization is assumed before the initial signal detection.  
NR PDCCH DMRS
As shown in Figure 1, RE density of PDCCH DMRS is 3 RE/RB and it spreads across configured CORESET CCE(s). The configured symbols of PDCCH DMRS within each slot could be 1-3 symbols.
The current sequence generation of DMRS in Rel-15 NR depends on the index of the slot and the symbol where the RS is located. The gNB needs to prepare multiple versions of the identification signal or regenerate it in a short time repeatedly after it is contending for channel access, as it doesn’t know when channel access succeeds. In our evaluation, we assume sequence generation of PDCCH DMRS is time independent. 
802.11a preamble
802.11a preamble can be considered as a legacy preamble that is appended to all PHY frames for the purpose of backward compatibility. In our investigation, both Non-HT Short Training Field (L-STF) and Non-HT Long Training Field (L-LTF) are employed for DL burst identification, which are shown as follows. Since both sequences will be repeated twice in time domain, then L-STF is mapped to the 1st and 2nd symbol while L-LFT is mapped to the 3rd and 4th symbol within each slot. All sequences are mapped to the center frequency of BWP, as illustrated in Figure 2, which occupy 52 sub-carriers with 312.5 kHz SCS. 
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[bookmark: _Ref528863127]Figure 1 Illustration of resource mapping of NR PDCCH DMRS
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[bookmark: _Ref528863961]Figure 2 Illustration of 802.11 L-STF/L-LTF
Requirement of detection performance
Reliable identification of serving cell DL burst is very important for NR-U UE to determine whether to start PDCCH monitoring and receiving PDSCH in the following COT. In Figure 3, we provide system level evaluation in indoor scenario to show the impact on the DL mean UPT assuming different detection performance of initial signal. We observed that 1% miss detection rate can achieve almost all the UPT. Further decreasing miss detection rate of initial signal has marginal gain. Moreover, if the detection sensitivity of the initial signal increases above -76dBm, UPT will drop dramatically because UE cannot receive initial signal with high probability and stop decoding the PDCCH and PDSCH. 
Observation 1: 1% miss detection rate of initial signal can achieve almost all DL UPT. 
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[bookmark: _Ref535013689]Figure 3 impact of initial signal detection on the UPT indoor scenario
Performance evaluation of candidates for initial signal 
[bookmark: _GoBack]As illustrated in Figure 4, although 802.11a preamble occupies 4 symbols, detection performance of 802.11a preamble is the worst. This is because L-LTF and L-STF should work together with L-SIG field that modulated with BPSK ½ BCC, which is the bottle neck of the preamble detection [3]. Moreover, L-STF and L-LTF requires different numerology (with 312.5 kHz SCS), which may impose additional requirement on hardware implementation.
Observation 2: Detection performance of 802.11a preamble as initial signal is bottle-necked by L-SIG. It also imposes additional requirement on hardware implementation.
Detection performance of PDCCH DMRS is slightly better than that of 802.11a preamble. However, due to limited sequence length, there is a considerable gap between the performance of PDCCH DMRS and that of group-common DCI. Furthermore, additional SFI could be carried by group-common DCI, which could also facilitate UE’s further DL reception.
Observation 3: Detection performance of group-common DCI is better compared with that of PDCCH DMRS. Besides, additional SFI could be carried by group-common DCI, which could also facilitate UE’s further DL reception.
Detection performance of group common DCI mainly depends on DCI payload size and SCS. With the same aggregation level, smaller DCI payload size corresponds to lower coding rate and hence results in better miss detection performance. While with same DCI configuration, group common DCI with 60 kHz SCS is better than that with 30 kHz SCS due to higher frequency diversity gain.
Observation 4: Detection performance of group-common DCI depends on its numerology, aggregation level and DCI payload size.
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[bookmark: _Ref528224508]Figure 4. Detection performance of group common DCI, PDCCH DMRS and 802.11a preamble
 
Conclusions
In this contribution, we mainly discuss the details of all candidates that could be used as initial signal and the corresponding link-level simulation evaluations are also provided. Based on the discussion and evaluations, we have made the following observations and proposals:

Observation 1: 1% miss detection rate of initial signal can achieve almost all DL UPT. 
Observation 2: Detection performance of 802.11a preamble as initial signal is bottle-necked by L-SIG. It also imposes additional requirement on hardware implementation.
Observation 3: Detection performance of group-common DCI is better compared with that of PDCCH DMRS. Besides, additional SFI could be carried by group-common DCI, which could also facilitate UE’s further DL reception.
Observation 4: Detection performance of group-common DCI depends on its numerology, aggregation level and DCI payload size.
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Appendix I: system level simulation assumptions
	Parameters
	Indoor Sub-7GHz

	Layout for nodes
	Layout dimensions: 120mx80m
[image: ]
a=20 meters, b=40 meters, c=20 meters, and d=40 meters

	Carrier Frequency
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline

	Number of carriers
	1

	Number of users per operator
	Exactly 5 per gNB per 20MHz

	SCS
	30KHz and 60KHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm (total across all TX antennas)

	UE/STA Tx Power
	18dBm (total across all TX antennas)

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for UE dropping
	-82dBm

	CCA-ED
	-72dBm for NRU

	UE receiver
	MMSE-IRC 

	TXOP 
	8ms for NRU

	MCS
	NR MCS with 256QAM  (LDPC)

	MIMO
	TM9 with one layer

	UE Processing Time Capability
	#2

	Link adaptation
	CQI feedback + OLLA

	Scheduling
	Proportional Fairness

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	DL only

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability



Appendix II: link level simulation assumptions

	System bandwidth
	106 RBs (15 kHz SCS)
51 RBs (30 kHz SCS)
24 RBs (60 kHz SCS)

	Numerology
	15/30/60 kHz SCS

	Channel
	CDL-C

	Channel delay
	100 ns

	Number of Antennas
	gNB Tx=1 UE Rx =1

	
	0	

	Probability of false alarm
	0.1%

	UE moving speed 
	3 km/h
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