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Introduction
In this contribution, we provide some discussion on further enhancement for unlicensed band, including both 5/6GHz band and 60GHz band.  
Discussion
Sidelink in unlicensed band
3GPP sidelink specification has been focused on public safety and V2V over IST band. In [1], interactive services such as interactive gaming, data sharing between various kinds of terminals such as mobile phones, VR/AR devices and robots etc are discussed. A lot of interactive services happen in local area, for example, entertainment in home party or bar, or education in office, or a factory floor. The interactive service here is real-time and requires high throughput and low latency.   
Possible data path and control path in network controlled interactive service (NCIS) are also described in [1].   For example, the control path can be in 5GC, where the key control signalling will be from the network, while some assisted signaling can be transmitted on the ProSe communication path. The data path can be on 5GC and opportunistically offloaded to ProSe data path under network control.  Unlicensed band in 5/6GHz band and 60GHz band provides large additional bandwidth and flexibility to enable the ProSe path required for NCIS. 
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Fig 1. Example of control path and data path [1]

To enable ProSe services in unlicensed band, existing regulation requirements need to be met. This means same channel access procedure defined in R16 NR-U and R17 60GHz WI can be reused. IFDMA waveform can be reused for 5/6GHz band as well. To enable the basic ProSe communication in unlicensed band, the configured grant can be used as the starting point. Addition enhancement including interference management, power control, link feedback etc.   
Proposal 1: Enable sidelink in unlicensed band for NCIS use cases. 

mTRP enhancement in unlicensed band
R16 NR-U did not specify mTRP related enhancement. Each transmission point will perform CCA independently and acquire COT in an asynchronized fashion. In ongoing 802.11be specification, the multi-AP related enhancement is agreed as wave 2 feature and captured in section 9 of the framework document [2]. 802.11be defined sharing AP and shared AP, where 
· An EHT AP which obtains a TXOP and initiates the multi-AP coordination is the sharing AP.
· An EHT AP which is coordinated for the multi-AP transmission by the sharing AP is the shared AP.

In specification framework document, it is agreed that “802.11be supports defining the modes of AP coordination that share frequency resources with one or more APs within the AP candidate set only for 20 MHz channels allocated by a sharing AP to a shared AP within the BSS operating channel of the shared AP.” Other multi-AP coordination schemes, including “coordinated spatial reuse operation”, “joint transmission for single and multi-user” and “multi-AP cooridated BF” are also captured [2]. 

3GPP specification has extensive work on mTRP transmission. In order to enable seamless support of mTRP in unlicensed band and keep 3GPP technology as competitive in unlicensed band ecosystem, we propose a WI to enhance the mTRP transmission in unlicensed band, including both 5/6GHz band and 60GHz band. The WI will specify COT sharing rules between COT owner TRP and other TRPs, also COT owner UE with multiple TRPs as shown in Fig. 2. Potential enhancement may include: 
· Potential enhancement with ideal backhaul 
· COT is shared immediately across backhaul signaling. 
· Enhancement to indicate mTRP coordination set in DCI Format 2-0   
· Potential enhancement with non-ideal backhaul
· Enhancement of mTRP based on CCA procedure
· TRP COT sharing with UE for UL PUSCH/PUCCH mTRP transmission 
· UE COT sharing with mTRP for DL transmission 
· Potential enhancement for FBE
· Over the air coordination 
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Fig. 2. mTRP enhancement for unlicensed band

Proposal 2: Support mTRP enhancement in unlicensed band  

DL coverage enhancement in unlicensed band
Due to regulation limitation in unlicensed band, the EIRP difference between gNB and UE are much smaller compared licensed band deployment. An example of the EIRP related regulation defined in EN 301 893 is shown in Fig. 3.   
For outdoor standalone deployment in private network, the NR-U cell coverage is an important differential factor comparing to other unlicensed band technologies. Unlike R17 coverage enhancement WI, the coverage bottle neck is actually the DL control channel due to 23/30dBm peak EIRP limitation.  
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Fig 3. 5GHz regulation requirement defined in ETSI EN 301 893.

Proposal 3: Support DL coverage enhancement in unlicensed band  

UE COT sharing enhancement in unlicensed band
Rel-16 NR-U supports a gNB sharing a channel occupancy initiated by a UE in  a UE-initiated Channel Occupancy Time (COT). The gNB is allowed to transmit control/broadcast signals/channels for any UEs as long as the transmission contains transmissions for the UE that initiated the COT. Any unicast transmission from the gNB that includes user plane data is only transmitted to the UE that initiated the channel occupancy [3]. This is illustrated in Figure 4.
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[bookmark: _Ref73639576]Figure 4: NR-U UE-initiated COT sharing
On the other hand, 802.11ax supports a Reverse Direction Grant (RDG) protocol that allows an RDG responder AP to transmit data in a Transmit Opportunity (TXOP) to multiple STAs if it includes the initiator. This is captured in the text below [4]: “If the RD initiator is an HE STA and the RD responder is an HE AP, the RD response burst may contain one or more Basic Trigger frames. The Basic Trigger frames shall trigger the RD initiator and at least one other STA in a full bandwidth UL MU-MIMO transmission”. The transmission is subject to some restrictions such as  “An RD responder that transmits a Basic Trigger frame …. and shall allocate a number of streams for the RD initiator that is not smaller than the number of streams of the RD initiator's last PPDU.” This is illustrated in Figure 5 [5].
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[bookmark: _Ref73639590]Figure 5: Reverse Direction Grant Transmissions
In addition, IEEE 802.11be has under discussion proposals that an AP may temporarily capture TXOP ownership from any associated STA to deliver Real Time Application traffic [5].  
As such, RAN1 should study the possibility of relaxing the restriction on the gNB only transmitting control/broadcast signals/channels to any UEs within a UE-initiated COT subject and allow unicast transmission from the gNB to other UEs apart from the UE that initiated the channel occupancy as illustrated in Figure 6. This can be subject to restrictions to ensure fairness with other technologies in the unlicensed band.
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[bookmark: _Ref73639726]Figure 6: UE initiated COT Sharing Proposal
Proposal 4: Relax the restriction on the gNB not transmitting unicast data to other UEs within a UE-initiated COT. 
Conclusion
In this contribution, we discussed different aspects on unlicensed band enhancement including both 5/6GHz and 60GHz. The proposals are:  
Proposal 1: Enable sidelink in unlicensed band for NCIS use cases. 
Proposal 2: Support mTRP enhancement in unlicensed band  
Proposal 3: Support DL coverage enhancement in unlicensed band  
Proposal 4: Relax the restriction on the gNB not transmitting unicast data to other UEs within a UE-initiated COT. 
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Table 2: Mean e.i.r.p. limits for RF output power and Power Density at the highest power level (P,)

Frequency Mean e.i.r.p. limit for P Mean e.i.r.p. density limit
range (dBm) (dBm/MHz)
(MHz) with TPC without TPC with TPC without TPC
5150 to 5 350 23 20/23 (see note 1) 10 7/10 (see note 2)
5470105725 30 (see note 3) 27 (see note 3) 17 (see note 3) 14 (see note 3)

NOTE 1: The applicable limit is 20 dBm, except for transmissions whose nominal bandwidth falls
completely within the band 5 150 MHz to 5 250 MHz, in which case the applicable limit is
23 dBm.

NOTE 2: The applicable limit is 7 dBm/MHz, except for transmissions whose nominal bandwidth falls
completely within the band 5 150 MHz to 5 250 MHz, in which case the applicable limit is
10 dBm/MHz.

NOTE 3: Slave devices without a Radar Interference Detection function shall comply with the limits for the
frequency range 5 250 MHz to 5 350 MHz.
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