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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
It was agreed in RAN1 #93 meeting that [1]:
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios
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 simulation are also provided. 

Overview of NR initial signal candidates
NR supports to start transmissions aligned with mini-slots, which have much finer granularities (e.g. 2/4/7 OFDM symbols are now being considered in DL). Therefore NR-U is expected to have multiple mini-slot/symbol-level starting points to allow prompt access into channels. One arising issue along with the flexible starting point of DL/UL transmission is identification of DL/UL burst. In DL, unnecessary PDCCH blind-decoding shall be avoided since it imposes high requirement of UE capability and greatly decreases battery life of the device.
One way to determine the presence of DL burst is based on detecting cell specific identification signals. Although it costs additional overhead, dedicated identification signals could provide extra functionalities, such as fine synchronization and phase tracking. PSS, SSS or CSI-RS configured as tracking RS can be candidates. An alternative approach is through detection of DMRS associated with PDCCH. Wideband DMRS should be considered since the DMRS sequence should be sufficiently long to guarantee detection reliability. 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 signals are used by UE already connected the serving cell, synchronization is assumed before the signal detection.  
NR PSS/SSS
As illustrated in the Figure 1, NR PSS/SSS sequences with length equals to 127 are mapped to the center frequency of BWP. It only occupies one symbol in time domain, and the total bandwidth of PSS/SSS is 1.905 MHz and 7.62 MHz with 15 kHz and 60 kHz SCS, respectively.
NR PDCCH DMRS/TRS
The pseudo-random sequence used for PDCCH DMRS/TRS is identical, the only difference is formula used for sequence generator initialization.  In our simulation, cell IDs used for initialization of random sequence generator is always set to 0. As shown in the Figure 2, RE density of DMRS is 3 RE/RB (RE 1/5/9 in each RB) and it spreads across 20 MHz bandwidth, which corresponds to 100 RBs and 24 RBs with 15 kHz and 60 kHz SCS, respectively.  The configured symbols of PDCCH DMRS within each slot could be 1-3 symbols while TRS occupies 2 symbols within each slot.
Since RE mapping of TRS could be identical to that of PDCCH DMRS, the only difference between 2-symbol PDCCH DMRS and NR TRS is occupied symbols in the time domain that used for transmission.  Hence, the performance of PDCCH DMRS could be similar to TRS for initial signal, especially in scenarios that the UE is moving with low velocity.
The current sequence generation of DMRS and TRS 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 does not know when channel access succeeds. In our evaluation, we assume sequence generation of PDCCH DMRS and TRS are time independent. 
LTE CRS
As shown in the Figure 3, 4 symbols within each slot are used for CRS transmission. The density of LTE CRS in frequency domain is 2 RE/RB (RE 0/6 in each RB). The occupied bandwidth of 20 MHz, which is 100 RBs for 15 kHz SCS. 
802.11 L-STF/L-LTF
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, which occupy 52 sub-carriers with 312.5 kHz SCS, which is illustrated in Figure 4. 
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[bookmark: _Ref528862905]Figure 1 Illustration of resource mapping of NR PSS/SSS 


[bookmark: _Ref528863127]Figure 2 Illustration of resource mapping of NR PDCCH DMRS



[bookmark: _Ref528863774]Figure 3 Illustration of resource mapping of LTE CRS 
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[bookmark: _Ref528863961]Figure 4 Illustration of 802.11 L-STF/L-LTF

Performance evaluation of candidates for initial signal 
In Figure 5, we compare the probability of miss detection of PSS/SSS/L-LTF+L-STF of 802.11a preamble assuming same false alarm rate. Both cases with 15/60 kHz SCS for NR PSS/SSS are provided. It can be seen that the performance of NR PSS/SSS is similar due to identical sequence length and resource mapping. PSS/SSS with 60 kHz has larger channel occupancy which results in higher frequency diversity gain. However, widespread of sequence in frequency domain might degrade cross correlation when channel estimation is unavailable. In the simulation, benefit from frequency diversity gain dominates the performance, which resulting in lower probability of miss detection of PSS/SSS with 60 kHz. The slightly better detection performance from combination of L-STF and L-LTF also attributes to even larger channel occupancy compared with 60 KHz PSS/SSS. However, 802.11a preamble should work together with L-SIG field 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 1: PSS/SSS with 60 KHz SCS has better miss detection performance than that of 15 KHz SCS due to more frequency diversity gain. 
Observation 2: Miss Detection of 802.11a preamble is bottle-necked by L-SIG. It also imposes additional requirement on hardware implementation.
In Figure 6, the probability of miss detection of PDCCH DMRS with 15 kHz SCS is lower than that with 60 kHz due to the longer sequence length. The sequence length of PDCCH DMRS is 318 with 15 kHz SCS compared to 72 with 60 kHz SCS. The performance of PDCCH DMRS and TRS could be similar due to the same sequence length, RE mapping pattern, and the identical random sequence generator. The only difference is the initial value used for the sequence generator initialization. Compared Figure 5 with Figure 6, it is observed that miss detection of PSS/SSS is lower than even 3 OS DMRS in 60kHz SCS assumption. On the contrary, miss detection of PSS/SSS is higher than full band PDCCH DMRS with15 kHz SCS.  
Observation 3: The miss detection performance of initial signal using existing signal design in NR R15 depends on its numerology and sequence length.
In Rel-15 NR, 2 symbols (fixed) in time domain will be configured for TRS (CSI-RS for tacking), and the first starting symbol could only be symbol 4, 5, and 6 in FR1. Additional modification/revision is required if TRS is considered to be used as initial signal, while NR PDCCH DMRS can be directly re-used as initial signal, and no specification effort is needed due to the configuration flexibility of NR PDCCH DMRS.
Observation 4: Full band PDCCH DMRS has more flexibility in time domain than TRS while maintaining similar miss detection performance.
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[bookmark: _Ref528224508]Figure 5. Probability of miss detection of NR PSS/SSS/L-STF and L-LTF
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[bookmark: _Ref528225388]Figure 6. Probability of miss detection of NR PDCCH DMRS/LTE CRS

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: PSS/SSS with 60 KHz SCS has better miss detection performance than that of 15 KHz SCS due to more frequency diversity gain. 
Observation 2: Miss Detection of 802.11a preamble is bottle-necked by L-SIG. It also imposes additional requirement on hardware implementation.
Observation 3: The miss detection performance of initial signal using existing signal design in NR R15 depends on its numerology and sequence length.
Observation 4: full band PDCCH DMRS has more flexibility in time domain than TRS while maintaining similar miss detection performance.
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Appendix I: Simulation Assumptions
Table 1. Link-level simulation assumptions
	System bandwidth
	106 RBs (15 kHz SCS)
24 RBs (60 kHz SCS)

	Numerology
	15/60 kHz SCS

	Channel
	CDL 30ns

	Number of Antennas
	gNB Tx=1 UE Rx =1

	
	0	

	No. of parts that sequence to be divided for detection 
	2

	Probability of false alarm
	0.001

	UE moving speed 
	3 km/h
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