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1 Introduction
This contribution discusses the following remaining issues for NR-U:
· Synchronization raster 
· Multiple Msg3 transmission opportunities
· Directional LBT
2 Synchronization Raster
The topic of channelization and synchronization raster should be a joint RAN1-RAN4 issue taking into account many other related factors, e.g. rate matching and NR-U DRS design. 

The regulation of unlicensed bands could limit the distance between center of nominal channels of 20 MHz, which may lead to uniform guard band between neighboring nominal carriers with 20 MHz. For example, for 5 GHz unlicensed band, ETSI EN 301 893 [1] specifies the nominal center frequency for a nominal channel bandwidth of 20 MHz are defined by 
fc_n = 5160 + (g*20) MHz, where 0 ≤ g ≤ 9 or 16 ≤ g ≤ 27,
and a maximum offset of ± 200 kHz from the nominal center frequency is allowed implementation (e.g. an illustration as in Figure 1). Note that there is a uniform interval of 20 MHz between the centers of neighboring nominal channels, which is not an integer multiple of supported SCS in NR, hence, for NR-U, the channel center of carriers with 20 MHz could be apart from the nominal center frequency but still within the allowed frequency offset of ± 200 kHz. This could result in uniform interval between channel raster entries.   




[bookmark: _Ref16513170]Figure 1 Illustration of different channelization between NR Rel-15 and NR-U 5 GHz band.
Due to the regulation on the unlicensed band, it is expected the number of channel raster entries is remarkably smaller than NR Rel-15 licensed bands, and taking into account several aspects including the global channel raster granularity, channel spacing among CCs under CA mode, flexible numerology, and new wideband channel bandwidth. A detailed analysis can be found in our RAN4 contribution [2]. 

The reduction of channel raster entries per nominal carrier could also lead to a simpler design of synchronization raster, e.g. targeting for a sparser synchronization raster, to save the complexity for initial cell search. In the last several meetings, the feasibility of supporting a single synchronization raster entry per a nominal carrier of 20 MHz bandwidth was discussed, and in particular, the location of the single synchronization raster either close to the center of the carrier or close to the edge of the carrier was also discussed in detail. From the analysis of this contribution, we show that allocating a single synchronization raster entry per a nominal carrier with 20 MHz carrier bandwidth is feasible, with the single synchronization raster entry down-selected from NR REl-15 GSCN, wherein the synchronization raster entry is close to the edge of the carrier. More precisely, the synchronization raster can locate in in the edge of CORESET#0, such that the frequency offset between the lowest RB of CORESET#0 and the lowest RB of SS/PBCH block can be fixed as 0. 

Figure 3 illustrates an example with fixed offset as 0 RB (edge-aligned), for nominal channels with center frequency at 5160 to 5240 MHz. 



[bookmark: _Ref16514353]Figure 3 Illustration of example for offset as 0 RB (edge-aligned).

To summarize, we have the following proposals: 

Proposal 1: Single synchronization raster entry for each 20 MHz nominal channel, and fixed frequency offset between the lowest RB of CORESET#0 and the lowest RB of SS/PBCH block as 0 RB.
3 Multiple Msg3 Transmission Opportunities
Several aspects have been discussed in the RAN2, it has been agreed in the SI phase multiple msg.3 is beneficial and it could study the enhancement on the additional opportunities for msg.1 and msg.3. In general, two kinds of discussions are in RAN2 regarding such issue, one is that since RAN1 is discussing the UL transmission within the DL-initiated COT so that CAT2 LBT could be applied to msg.3, thus the impact of the LBT to msg.3 could be resolved without introducing multiple msg.3; the other is talking about the potential solutions to support multiple msg.3 via changing the RAR MAC PDU as less as possible. According to the last meeting’s agreement, the motivation and possible solutions for multiple msg.3 are discussed in the following subsections.Agreement:
Reply to the RAN2 LS informing them of the following:
· RAN1 has made the following agreement which facilitates COT sharing between Msg2 and Msg3:
· LBT category for msg 3 initial transmission is provided to the UE in RAR
· Multiple msg3 tx opportunities with a single or multiple RARs in the time domain is feasible from a RAN1 perspective but there is no consensus at this time in RAN1 to support this. RAN1 will continue discussions on the support of multiple msg3 tx opportunities.


1. 
1. 
1. 
2. Motivation to have multiple msg.3 transmission opportunities
Regarding the first issue, indeed it’s true that if scheduled msg.3 is within the RAR initiated COT, the cat2 LBT for msg.3 transmission could be used. However, the nature of RAR includes the multiplexing of multiple UEs’ responses into one PDSCH, which means the same PDSCH could include scheduling information to more than one UE (scheduled msg.3 transmission to multiple UEs), it’s not always possible to put all the scheduled msg.3(s) into the COT, e.g., when the user number is relatively large or the channel access type/priority of msg.2 only provides relatively short COT. Forcing msg.2 using the lower channel access priority may not be good since we already have to extend the RAR window to allow more opportunities for msg.2 transmission to compensate the impact of LBT. Lower the priority thus is not preferable since it will disobey the benefits of extending the RAR window. Another thought is that even the initial msg.3 transmission is failed due to LBT failure; it could still have DCI scheduled msg.3 re-transmission. But since this will require more UL/DL interaction which increases the impact of LBT, relying on the msg.3 re-transmission to handle the LBT impact to msg.3 transmission is not desirable and might increase the access delay. To sum it up, since the msg.3 transmission in DL-initiated COT is not always possible, the multiple msg.3 transmission opportunities are beneficial to have. 

Observation 1: Since the msg.3 transmission in DL-initiated COT is not always possible, the multiple msg.3 transmission opportunities are beneficial to have.
2. Possible solutions
In RAN2 discussion, several options to enable the multiple msg.3 transmission opportunities as following:
1. Multiple RARs to indicate multiple UL grants
0. Multiple MAC PDU (e.g., multiple PDCCH->PDSCH);
0. Single MAC PDU with multiple RARs (e.g., single PDCCH->PDSCH);
1. Single RAR with single UL grant
1. Multiple time domain resource allocations
1. Single time domain resource allocation.
Generally, option 1 will create more transmission overhead, i.e., more LBT operations and more PDCCH->PDSCH are needed for option 1.a) and multiple MAC sPDU are needed for option 1.b). Some duplicate information will have to be re-transmitted such as the TA command and Temporary C-RNTI, which is an unnecessary overhead.

In addition, with multiple RAR, it will request UE to keep monitoring RAR even if it finds one matched PDCCD->PDSCH, or keep reading the MAC PDU even if it finds one matched RAPID. Such operation is an additional request to UE side which has negative impact to the operation efficiency and power saving perspective. 

Observation 2: Using multiple RARs to provide multiple msg.3 transmission opportunities creates overhead at both gNB and UE sides.

For the options for single RAR, the option 2.a) includes more than one time domain resource allocation indications in one RAR, as shown in the following figure from [3]. 


Figure 5 One example of multiple msg.3 PUSCH time resource allocations in one UL grant.
This solution could resolve the drawbacks of option 1 on transmission overhead of duplicated information, however, it will create a different request which is the MAC PDU format change, i.e., multiple PUSCH time resource allocations will be included in one RAR MAC PDU. Such request is generally not favourable in RAN2 unless there is unavoidable necessity.

On the other hand, while the option 2.b) will need some support from RAN1, and it indeed requires the least change and have the smallest impact to the RAN2 design. The additional information we need to provide for applying this time domain resource allocation is that the number of times N_tx that UE could use this time domain resources and the step gap delta_T between two candidate transmission opportunities, so that UE could find out where are the candidate positions and how may are they. By doing this, the RAR format will not be changed and the flexibility to control the location and number of candidate msg.3 transmission opportunities are provided by such option 2.b).

Observation 3: option 2.b) is suitable to provide multiple msg.3 transmission opportunities.

Proposal 2: Single RAR with single UL grant including single time domain resource allocation should be supported to provide multiple msg.3 transmission opportunities.

Proposal 3: From scheduling multiple-msg.3 point of view, UE should be provided the number of times N_tx that UE could use indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities.
2. Channel access type and priority for msg.3
Another issue is to indicate the channel access type and priority to the UE to transmit msg.3. Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR.


In addition to the LBT category information, UE will need to know not only which category but also the detailed configuration, for example, if it’s CAT2 LBT, whether it’s 16us or 25us; or if it’s CAT4 LBT, which priority class it should use. All these information should be included in the RAR indication. 

Proposal 4: the details of the LBT operation in addition to the category should be indicated to UE in RAR for msg.3 initial transmission.
4 Directional LBT
One of the major challenges to operate cellular-based technology in unlicensed spectrum is to achieve fair co-existence with the incumbent unlicensed technology, such as Wi-Fi in the 5GHz unlicensed bands. In order to guarantee fair coexistence with the incumbent Wi-Fi system in the 5 GHz bands, as well as to meet certain regional regulations for unlicensed spectrum, LTE licensed-assisted access (LTE-LAA) introduced energy detection based omni-directional listen-before-talk (LBT) channel access protocols. 

Compared to LTE-LAA, NR-U system supports key new features such as multi-beam operation with directional transmissions and/or receptions. In order to support the multi-beam operation for NR-U, the directionality of LBT is an important design consideration for NR-U. One option is to perform LBT omni-directionally similar to LTE-LAA and Wi-Fi operating in the 5 GHz unlicensed band, which can provide fair coexistence with the incumbent systems such as LTE-LAA and Wi-Fi. However, omni-directional LBT can also be conservative to support the multi-beam operation since interference from every direction is sensed uniformly, and therefore the spatial reuse may be reduced, especially for NR-U/NR-U coexistence. Directional LBT scheme, where the LBT is performed over the intended beam direction of the NR-U transmitter, can be more suitable for the multi-beam operation of NR-U and can improve the spatial reuse for NR-U/NR-U coexistence. 

In this section, we have implemented a system-level simulation for NR-U performance comparison between omni-directional LBT and directional LBT. Specifically, the indoor office deployment scenario in TR 38.889 [4] is used, wherein an NR-U operator coexists with another NR-U operator in the 6 GHz unlicensed spectrum. Each operator deploys 3 gNBs within the network, with each gNB serving a total of 5 UEs. The coexisting NR-U operators both have downlink-only traffic, with 20 MHz channel bandwidth. The gNB antenna element gain pattern is chosen according to TR38.802 [5] with a max directional gain of 5 dBi. 

The traffic arrival rate 𝜆, which is in the unit of files per second, is chosen from {0.25, 0.5, 0.75, 1} in the evaluations. Figure 6 illustrates the corresponding buffer occupancy for various 𝜆, which shows that the traffic load ranges from a low load scenario to a high load scenario as the evaluated traffic arrival rate 𝜆 increases. In addition, Figure 6 demonstrates that the directional LBT corresponds to slightly lower buffer occupancy compared to the baseline omni-directional LBT. 

[image: ]
Figure 6. Buffer occupancy for omni-directional and directional LBT

Figure 7 illustrates the channel access probability for directional LBT versus the omni-directional LBT, which is defined as the ratio of the mean duration that gNB has channel access over the mean duration that gNB needs channel access (i.e., sum of the duration that it contends for channel access and the duration that it has channel access). The channel access probability is a useful metric to evaluate the aggressiveness and fairness for NR-U and the coexisting system to access the channel under various LBT schemes. Figure 7 shows that under the same ED threshold of -72 dBm, a higher channel access probability can be achieved with directional LBT compared to omni-directional LBT for NR-U. This demonstrates that omni-directional LBT is indeed conservative for NR-U in terms of channel access, while directional LBT at NR-U can lead to better channel access probability and consequently better spatial reuse for NR-U/NR-U coexistence. In addition, it can be observed from Figure 7 that as traffic load increases (i.e., 𝜆 increases), the channel access probability decreases due to more significant channel access competition among NR-U gNBs. 

Observation 4: Directional LBT can lead to a higher channel access probability than omni-directional LBT under same ED threshold for NR-U/NR-U coexistence.

[image: ]
Figure 7. Channel access probability for omni-directional and directional LBT

Figure 8 plots the average user-perceived downlink throughput performance under omni-directional LBT scheme and the directional LBT scheme. It can be observed from Figure 8 that NR-U has higher throughput with directional LBT compared to omni-directional LBT at all the evaluated traffic arrival rates. In particular, the throughput improvement from omni-directional LBT to directional LBT is 2.3%, 4.5%, 19.6%, and 22.1% for 𝜆 = 0.25, 0.5, 0.75 and 1.0 respectively, which increases as the traffic arrival rate 𝜆 increases. 

Observation 5: Throughput gain under directional LBT compared to omni-directional LBT increases as traffic arrival rate increases for NR-U/NR-U coexistence. 

[image: ]
Figure 8. Average user-perceived throughput for omni-directional and directional LBT

In general, there exists a trade-off between the channel access probability and the SINR performance under directional LBT scheme versus omni-directional LBT scheme. Specifically, due to the more conservative nature of omni-directional LBT, it is more likely for omni-directional LBT to achieve a better downlink SINR performance compared to directional LBT, at least for the cell-edge UEs. By contrast, as demonstrated in Figure 7, under the same ED threshold, the directional LBT can lead to higher channel access probability than omni-directional LBT, which translates into a better spatial reuse. As the traffic load increases, the performance gain of channel access probability (i.e., the “pre-log” term in determining the user-perceived throughput) for directional LBT will outweigh the SINR performance loss, which will lead to a better throughput performance than the omni-directional LBT as shown in Figure 8. 

Therefore, the directional LBT can be used as an alternative to the baseline omni-directional LBT for NR-U/NR-U coexistence, especially at medium to high traffic load scenarios.  

Proposal 5: Directional LBT can be supported at least for NR-U/NR-U coexistence scenario.
5 Conclusion
The observations and proposals made in this contribution are summarized below:
Observation 1: since the msg.3 transmission in DL-initiated COT is not always possible, the multiple msg.3 transmission opportunities are beneficial to have.
Observation 2: Using multiple RARs to provide multiple msg.3 transmission opportunities creates overhead at both gNB and UE sides.
Observation 3: option 2.b) is suitable to provide multiple msg.3 transmission opportunities. 
Observation 4: Directional LBT can lead to a higher channel access probability than omni-directional LBT under same ED threshold for NR-U/NR-U coexistence.
Observation 5: Throughput gain under directional LBT compared to omni-directional LBT increases as traffic arrival rate increases for NR-U/NR-U coexistence.
Proposal 1: Single synchronization raster entry for each 20 MHz nominal channel, and fixed frequency offset between the lowest RB of CORESET#0 and the lowest RB of SS/PBCH block as 0 RB.
Proposal 2: Single RAR with single UL grant including single time domain resource allocation should be supported to provide multiple msg.3 transmission opportunities.
Proposal 3: From scheduling multiple-msg.3 point of view, UE should be provided the number of times N_tx that UE could use indicated time domain resources in UL grant and the step gap delta_T between two candidate transmission opportunities.
Proposal 4: the details of the LBT operation in addition to the category should be indicated to UE in RAR for msg.3 initial transmission.
Proposal 5: Directional LBT can be supported at least for NR-U/NR-U coexistence scenario.
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