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1      Introduction
In the last RAN plenary, even though it is emphasized to focus on licensed access on NSA during the WI phase, it is probably beneficial to analyze during the SI phase the impact of unlicensed access to 5G design in terms of scheduling and control and user plane procedures.
2      Discussion
2.1     Background

The main design objective for unlicensed access is on fair sharing of the transmission and reception medium among the 5G access nodes and user equipment and also sharing with other radio technologies such as WiFi and LTE-based unlicensed technologies.

In LTE LAA, Listen-Before-Talk (LBT) is the main mechanism that is used for fair sharing and friendly coexistence of LTE LAA cells on the 5GHz spectrum with other LTE operators supporting LAA and other radio access technologies. 

LBT procedures on a transmitting node involves the transmitting node to perform a clear channel assessment to determine whether the channel is free for use before attempting to transmit on a carrier in unlicensed spectrum. This will require the transmitting node at least to perform energy detection to determine if the channel is being used. If the channel is determined to be free for use, the transmitting node may perform the transmission; otherwise, it does not perform the transmission.
Other unlicensed spectrums such as 3.5GHz CBRS and 60GHz have been discussed in previous RAN 2 meeting for unlicensed NR.
In the 3.5GHz unlicensed spectrum for CBRS in US, the users of the spectrum is categorized into 3 Tiers (in decreasing in priority): 
· Tier 1: Incumbents, 
· Tier 2: Priority Access Licenses (PAL)
· Tier 3: General Authorized Access (GAA). 
Tiers 2 & 3 are regulated under Citizen Broadband Radio Service (CBRS) and can be used by 5G NR. Higher tier users are protected from harmful interference from lower tier users. To protect the Incumbents from interference from Citizen Broadband Radio Devices (CBRD) of PAL/GAA, a Spectrum Access System (SAS) is deployed to manage the use of CBRS. Once the Environment Sensing Capability (ESC), which consists of networks of sensors, detects the presence of signals from the Incumbents, it informs the SAS and the SAS must either confirm suspension of the CBSD’s operation or its relocation to another unoccupied frequency, if available within 300s. There is no need for LBT between Incumbents and 5G NR as PAL/GAA CBSD. As for protection to a PAL CBRD, it is protected from GAA CBSDs and other PAL CBRDs via a defined PAL Protection Area. SAS must not authorized any CBSD on the same channel in geographic areas and at maximum power levels that will cause aggregate interference in excess of -80 dBm/10 MHz within a PAL Protection Area. Again there is no need for LBT between PAL and other PALs and GAAs if 5G NR is using as PAL. As for protection among GAA CBSDs, the medium is shared and LBT can be used for such fair sharing of the spectrum allocated for GAA between 5G NRs and between 5G NR and LTE LAA operating as GAA. If WiFi is also defined for 3.5GHz unlicensed spectrum, then LBT will also help. LBT is in general sufficient for coexistence issue in 3.5GHz spectrum deployment. The only case where this may require enhancement is in deployment where outdoor node is transmitting at much higher power than the indoor nodes. Just performing LBT at the indoor nodes may not be sufficient as the indoor node may not be able to stop the outdoor node from transmitting due to the low power of indoor node. 
In the 60GHz unlicensed spectrum, we see the benefit to support LBT for the case where the receiver is in the beam path and aligned with the beam as LBT can be used to protect an ongoing transmission while achieving maximal spatial resource reuse. However due to the use of narrow directional beam to overcome the increased free-space path loss, LBT or carrier sensing may not be the only medium access mechanism. Other forms of medium access mechanism may also need to be implemented, e.g. 2-way handshaking (e.g. RTS/CTS) and virtual carrier sensing may also be used in sharing of 60GHz spectrum and the use of such medium access mechanisms may need to be further analyzed on their impact to 5G NR.
In all the unlicensed spectrums possible for NR, LBT may always be one of the medium access mechanism used in fair sharing among NR and coexistence with existing radio access technologies.
Observation#1: Fair sharing among NR and coexistence with existing radio access technologies are still needed in all the unlicensed spectrums possible for NR.
Observation#2: LBT is a sufficient medium access mechanism for unlicensed spectrums in 3.5GHz Outdoor and 5GHz to allow for fair sharing among NR and coexistence with existing radio access technologies. For 3.5GHz Indoor, some further enhancement is needed to improve on the LBT. For 60GHz unlicensed spectrum, while LBT can be still used as one of the medium access mechanism, further analysis on the impact to 5G design is required on the use of other medium access mechanisms (e.g. 2-way handshaking, virtual carrier sensing etc.)
2.2     LBT impact to 5G design and possible solutions
As in Section 2.1, it is observed that LBT can be a possible medium access mechanism for unlicensed spectrums in 3.5GHz, 5GHz and 60GHz. Therefore, the 5G radio access should be designed to reduce the impact of LBT. The impact of LBT can be learnt from LAA and eLAA in Rel-13 and Rel-14 as follow:
(a) Due to the granularity of LBT, the LBT can end at any point in time and not at the 1ms TTI boundary. To avoid the medium being taken by others, some reservation signal has to be transmitted before the TTI boundary which result in the waste of the medium on unnecessary signal. Initial partial subframe was thus introduced in LAA to allow for slot boundary (i.e. 0.5ms) transmission. 

(b) As a result of the initial partial subframe transmission, the transmission may end in the middle of a subframe due to Maximum Channel Occupancy Time (MCOT) in granularity of 1ms. This partial transmission has to be indicated to the UEs in common PDCCH signaling so that other UEs can explore the partial subframe
(c) In scheduled access of UL transmission, NR eNB schedules the UL transmission and UE then performs the UL transmission at the scheduled TTI. If the latency between the UL grant and the actual UL transmission can be reduced sufficiently to within a TTI or within a MCOT, it may also reduce the need of multiple LBTs
(d) If CAT-4 LBT type is used for UL transmission and the eNB signals the priority class of a UL grant (like in eLAA), the eNB scheduler needs to know the up-to-date buffer status of the priority class and provide the MCOT or number of TTI schedule corresponding to the priority class. Any logical channel prioritization procedure at higher layer (e.g. MAC) needs to take the priority class into account when performing the logical channel prioritization to reduce conflict between the indicated priority class of the UL grant and the UL user traffic sent on the resources of the UL grant.      

(e) For higher layer signaling, it would be good to reduce the amount of handshaking between eNB and UE for control plane and user plane procedures so as to reduce the number of LBT needed. For example, in the current LTE RRC Connection Re-establishment, it would require the UE to first re-establish SRB 1 before the rest of the DRBs can be re-established (i.e. a 2-step approach). It will be good if the procedure can be reduced to 1 step where the DRBs can be re-established at the same time as SRB1. In the RACH procedure, currently it requires 4-step to complete contention resolution and whether a reduced number of steps for contention resolution are possible in a general case.
(f) In eLAA, the high QoS data may not be transmitted over unlicensed carrier because unlicensed carrier cannot gurantee exclusive usage of resource even if eNB schedules. 

(g) Due to LBT, UE may not be able to send UL transmission associated with an UL grant. In LTE, this issue by treating the dropped transmission due to LBT as a transmission, i.e. the MAC entity remembers the NDI regardless of the LBT result. Due to the uncertainty in channel access opportunities on carriers in unlicensed spectrum, asynchronous DL/UL HARQ is used for unlicensed access.
(h) RRM measurement be sparse as a result of LBT and channel access opportunities and thus it may impact measurement performance to measure the unlicensed cell. 

According to [1], eMBB, Low Latency, and High Reliability (to enable some URLLC use cases) are in the contents of 5G NR in Rel-15. With the low latency requirement, some forms of reduction of symbol length or shortening of TTI will most likely be part of the 5G design. This can be used for reducing the impact of (a) and (b).
Also in the scope of 5G NR in Rel-15 is the support of >6GHz [1]. The change in numerology to support such high band (i.e. increasing the subcarrier spacing/reduce symbol length) will help further in (a) at least for the high band case.    
In terms of reducing the latency between UL grant and UL transmission in LTE as in (c), this has to be reduced to meet the new low latency requirement and use cases. Also the support of autonomous UL transmission can be added to reduce the need to perform 2 LBT (one for UL grant and another for the UL transmission)
Furthermore, RAN 1 is probably the working group that will handle the LBT impact of (a) to (c). There is no direct impact to RAN 2 other than taking into consideration at lower MAC/upper physical layer to support shortened TTI and new numerology.

As for (d), we have a contribution [2] in eLAA to eliminate the conflict between the indicated priority class of the UL grant and the UL user traffic sent on the resources of the UL grant. The same can be applied when unlicensed access is being considered in the future release of NR (i.e. after Rel-15).

As for (e), it is always RAN 2 objective and principle to reduce the amount of handshaking and signaling between UE and eNB to reduce power consumption and interference over the air interface. The same principle will also be applied to 5G NR generally and there is no need for setting this as a principle to 5G design based on the need to reduce LBT in unlicensed access.
As for (f), NR also study to limit high QoS datat not to be sent on unlicensed carrier if it cannot guarantee the reasonable QoS support. This can be also discussed in a general carrier handling in NR carrier aggregation because not only unlicensed carrier but also high frequency carrier may not be able to support reasonable QoS requirement due to high blockage. 
As for (g), RAN 1 study in NR has concluded on using asynchronous HARQ also for the UL and the solution used in LTE can easily be used again in NR (i.e. remember the NDI of the transmission that failed LBT).  
As for (h), this again will have to be resolved first by RAN 1 and 4 to ensure that unlicensed access still meets a certain level of measurement performance. There is no immediate need for RAN 2 study.

Based on the above analysis, it is observed that:

Observation#3: No additional impact from LBT is identified for RAN2 beyond the NR study based on requirements from eMBB and URLLC.
It is proposed that:
Proposal#1: LBT is a sufficient medium access mechanism for unlicensed spectrums in 3.5GHz Outdoor and 5GHz. Based on the analysis in this document, no further study is needed on the impact of LBT. For 3.5GHz Indoor unlicensed access, there is a need to further analyze whether the additional mechanism needed to the Indoor nodes to silence the high power Outdoor nodes. As for 60GHz unlicensed access, the impact of other medium access mechanisms (e.g. 2-way handshaking etc.) to 5G NR design needs to be analyzed first.  
3      Conclusion
In this contribution, we analyze the impact of unlicensed access to 5G design and has the following observations and proposal:
Observation#1: Fair sharing among NR and coexistence with existing radio access technologies is still needed in all the unlicensed spectrums possible for NR.

Observation#2: LBT is a sufficient medium access mechanism for unlicensed spectrums in 3.5GHz Outdoor and 5GHz to allow for fair sharing among NR and coexistence with existing radio access technologies. For 3.5GHz Indoor, some further enhancement is needed to improve on the LBT. For 60GHz unlicensed spectrum, while LBT can be still used as one of the medium access mechanism, further analysis on the impact to 5G design is required on the use of other medium access mechanisms (e.g. 2-way handshaking, virtual carrier sensing etc.)
Observation#3: No additional impact from LBT is identified for RAN2 beyond the NR study based on requirements from eMBB and URLLC.
Proposal#1: LBT is a sufficient medium access mechanism for unlicensed spectrums in 3.5GHz Outdoor and 5GHz. Based on the analysis in this document, no further study is needed in RAN2 on the impact of LBT. For 3.5GHz Indoor unlicensed access, there is a need to further analyze whether the additional mechanism needed to the Indoor nodes to silence the high power Outdoor nodes. As for 60GHz unlicensed access, the impact of other medium access mechanisms (e.g. 2-way handshaking etc.) to 5G NR design needs to be analyzed first.  
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