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Introduction 
[bookmark: _GoBack]In RAN1 #92b, the following agreement was made [1]: 
	Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer  multiple of 20MHz 
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included



As it is captured in the above agreement, techniques to enhance spatial reuse is to be studied in the scope of this SI. 
IEEE 802.11ax spatial reuse schemes
This section begins with a brief overview of the development made in IEEE P802.11ax on spatial reuse [2]. One of important design aspects of IEEE P802.11ax has been the improvement of Wi-Fi efficiency. The current CSMA/CA based channel access mechanism based on energy detection (ED) and preamble detection (PD) has been very successful over almost two decades since the advent of Wi-Fi technology as a means to enable distributed link scheduling in an uncoordinated network. However, although the current mechanism provides an effective way of avoiding collisions, it can be overly conservative in the sense that the preamble transmission can silence wide neighbourhood within the reception range. This conservativeness in the used channel access mechanism has resulted in a lack of scalability when operating Wi-Fi in highly dense network deployments, such as stadiums. 
In this regard, IEEE P802.11ax has been developing spatial reuse schemes in order to improve existing CSMA/CA based channel access mechanism. Two schemes are agreed to be supported:
· OBSS_PD mode
· SRP mode
Both modes are currently based on inter-BSS detection. 
OBSS_PD mode
One of such spatial reuse schemes is the so-called OBSS_PD-based spatial reuse, which adjusts the PD level with respect to the transmit power. The procedure of OBSS_PD-based spatial reuse is such that when an OBSS PPDU above PD level is detected, the channel is busy so that the decrementing backoff counter will be paused. During the SIG field decoding, if certain conditions are met (such as the transmitting device indicates that spatial reuse is allowed and the received PPDU is an inter-BSS PPDU and is not a non-HT PPDU carrying a response frame, etc.), it can be decided that spatial reuse is allowed and the OBSS_PDLevel can be adjusted accordingly. 
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Figure 1. IEEE 802.11ax OBSS_PD SR operation

The OBSS_PDLevel can be raised in accordance with the transmit power as described in the following equation and the device may continue to decrement the backoff counter, if the detected PD level is below the adjusted OBSS_PDLevel.

where OBSS_PDLEVEL is upper and lower bounded by OBSSPDmax and OBSSPDmin, respectively. The following figure illustrates the adjustment of OBSS_PDLEVEL for the default parameters [2]. 
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Figure 2. IEEE 802.11ax OBSS_PDLEVEL adjustment according to the transmit power

SRP mode
One of the other spatial reuse schemes considered in the IEEE 802.11ax is the so-called SRP mode, which utilizes the transmission power level adjustment based on specific information of path losses and acceptable receiver interference level to protect the receiver of the on-going transmission [2].
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Figure 3. IEEE 802.11ax SRP operation 

As illustrated in the figure above, a trigger frame (from STA2) carries necessary information for the SRP mode (including SR parameters, OBSS color for the identification of OBSS, and the uplink duration). In the above figure, STA3 (SR initiator) can initiate a spatial re-use transmission during the uplink PPDU duration after receiving the SRP, if the following conditions are met:
· STA3 identifies that STA1 and STA2(AP) are OBSS
· SR transmission from STA3 satisfies the condition: TX PWRSTA3 – Space LossSTA3->STA2(AP)     <  Acceptable Receiver Interference LevelSTA2(AP) 
Spatial reuse considerations for NR unlicensed 
In cellular systems, usually frequency reuse factor 1 is assumed to maximize the spatial reuse between adjacent networks belonging to the same operator. The throughput gain of frequency reuse factor 1 is apparent from multiple literatures [3]. On the other hand, in LTE LAA, only ED has been used, which does not distinguish signals from different operators using LAA system or from different systems (i.e., non-LAA) [4]. The current ED mechanism that does not distinguish the same operator signal or the same system signal can be overly conservative in a dense deployment and thus make it difficult for NR-unlicensed to achieve higher spatial reuse. 
Observation 1: The current ED mechanism that does not distinguish the same operator signal or the same system signal can be overly conservative in a dense deployment and thus make it difficult for NR-unlicensed to achieve higher spatial reuse. 
Indeed, the above observation leads to the motivation of the introduction of preamble signals for NR-unlicensed. Then, the spatial reuse design for NR-unlicensed can naturally resemble that of IEEE 802.11ax. 
Observation 2: The introduction of preamble signals for NR-unlicensed is further motivated for spatial reuse, as the NR-unlicensed spatial reuse scheme can be based on that of IEEE 802.11ax.
Nonetheless, NR-unlicensed spatial reuse scheme can be built on top of existing ED mechanism by augmenting a mechanism that enables to distinguish a signal from the same operator (or same NR-unlicensed system) from other operators (or other non-NR-unlicensed systems). With this distinction, the aggregated ED level can be adjusted by subtracting the energy level detected from its own operator (or the same system). The adjusted ED level can then be compared with the ED threshold [4]. 
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Figure 4. Distinction of a signal from same operator/same system from others 

To distinguish a signal from the same operator (or same system), it is necessary to introduce a mechanism for distinction. Such mechanism can be appending some known signal, e.g., sequence, in the beginning of each transmission such as PSS/SSS that allows to derive PCID. Alternatively, the existing NR reference signals can be used for the RSRP measurement from its own network along with the distinction. 
Proposal 1: A mechanism to distinguish its own network signal is studied for NR-unlicensed spatial reuse.  
Conclusion
In this contribution, spatial reuse aspect of NR-unlicensed was discussed as a potential area for study. The following observations and proposal are made:

Observation 1: The current ED mechanism that does not distinguish the same operator signal or the same system signal can be overly conservative in a dense deployment and thus make it difficult for NR-unlicensed to achieve higher spatial reuse. 
Observation 2: The introduction of preamble signals for NR-unlicensed is further motivated for spatial reuse, as the NR-unlicensed spatial reuse scheme can be based on that of IEEE 802.11ax.
Proposal 1: A mechanism to distinguish its own network signal is studied for NR-unlicensed spatial reuse.  
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