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It was agreed in RAN1 #93 meeting that [1]:
· NR-U should have a signal that contains at least SS/PBCH block burst set transmission
· FFS: Other channels and signals transmitted together as part of the signal
· The design of this signal should consider the following characteristics specific to unlicensed band operation
· There are no gaps within the time span the signal is transmitted at least within a beam
· FFS: Whether any gaps are needed for beam switching and, if needed, their duration
· The occupied channel bandwidth is satisfied (although this may not be a requirement)
· Strive to minimize the channel occupancy time of the signal
· Characteristics that may facilitate fast channel access
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 

[bookmark: _Ref129681832]In this contribution, we mainly discuss the channel access procedure for the “Signal” and RACH, RACH procedure, and enhancement on CSI-RS based measurements.

Channel access procedure for the Access Signal
As per the latest agreement, the NR-U Access Signal consists of at least SS/PBCH block burst set transmission. From our understanding, the Access Signal could also consists of the corresponding RMSI and/or CSI-RS for the purpose of RLM/RRM measurements. More details on the Access Signal composition could be found in our companion paper [2]. 
	In LTE LAA, the DRS transmission, which consists of PSS, SSS and other reference signal, is subject to LBT and follows a single idle observation interval of at least 25µs. Correspondingly, it is considered that the same LBT category, i.e. LBT without random back-off, may be applied to the Access Signal transmission, which also depends on its composition. In general, the Access Signal transmission duration should be limited in order to keep fairness. 
If the Access Signal only consists of SS/PBCH block or the corresponding RMSI/CSI-RS is frequency multiplexed with SS/PBCH block, CAT 2 LBT could be used for transmission. Besides, the Access Signal may consist of SS/PBCH block and the corresponding RMSI/CSI-RS that are multiplexed in the time domain. In this case, CAT 2 or CAT 4 LBT may be chosen depending on the periodicity and the total duration of the Access Signal. In addition, if the Access Signal is multiplexed with PDSCH, CAT 4 LBT is employed for contending to access the medium.
In addition, even the CAT 2 LBT is adopted for the Access Signal, it only can increase the opportunity for SS/PBCH block transmission, and it cannot guarantee that the Access Signal can transmit at the schedule time location, which will affect the initialize access, L3 mobility measurement, radio link monitor and beam measurement procedure and thus some further enhancements may be required.

Proposal 1: CAT 2 or CAT 4 LBT could be used for the Access Signal transmission. The actual adopted LBT priority depends on the Access Signal composition, the periodicity, and the multiplexing pattern.

NR-U Physical RACH (PRACH)
Resource allocation of PRACH
In Rel-15 NR, the gNB can semi-statically configure an association between one or multiple PRACH occasions/preambles and SS/PBCH block(s). A UE is provided a number of SS/PBCH blocks associated with one PRACH occasion by higher layer parameter. The value of higher layer parameter could be smaller or larger than one. This indicates that one SS/PBCH block is mapped to multiple consecutive PRACH occasions, or vice versa. If many SS/PBCH blocks are mapped to one PRACH occasion, NR also supports a mapping from different SS/PBCH blocks to non-overlapping subsets of RACH preamble indices within one PRACH occasion.
Proposal 2: Semi-static resource allocation of PRACH supported in NR could be the baseline of resource allocation design of PRACH in NR-U.
On the other hand, an extra time latency may be introduced to the NR unlicensed random access procedure when a semi-statically configured PRACH occasion is blocked due to LBT. Multiple PRACH periodicities are supported in NR, i.e. 10, 20, 40, 80, and 160ms. In case of LBT failure, a UE will not be able to transmit its PRACH signal and will have to wait until the next PRACH occasion. Large periodicities should then not be supported for NR-U to avoid further access latency due to LBT failure. When a UE’s UL is out of synchronization, the gNB may force the UE to initiate PRACH to re-synchronize with the network. Instead of waiting for the next configured PRACH occasion, extra transmission opportunities for PRACH could be dynamically scheduled via DCI to further reduce the access delay, which is beneficial to the UE with QoS requirements. 
In Rel-15 NR, an association between RACH resource(s) and SS/PBCH block(s) is established. Different power parameters are needed for RACH resources associated with different SS/PBCH blocks due to various pathloss conditions. If an extra RACH occasion is scheduled via DCI, a dynamic power parameter should be correspondingly applied. To satisfy this requirement of dynamic power adjustment, a more flexible power control scheme for RACH should be studied in NR-U. 
Proposal 3: Dynamic scheduling of PRACH occasion via DCI shall be supported in NR.
Furthermore, the access delay also includes the response delay introduced by Msg2. After the RACH transmission, the gNB transmits a response (i.e. RAR) to the UE within the response window. The UE attempts to detect a DCI with CRC scrambled by RA-RNTI during the window. If the UE doesn’t detect DCI scrambled with RA-RNTI or doesn’t correctly decode the corresponding DL-SCH within the window, RACH retransmission will be followed by. Considering the uncertain LBT results and limited transmission opportunities, once a RACH retransmission occurs, the access delay of the RACH procedure may be seriously deteriorated. In order to reduce the latency of RACH procedure, multiple Msg.1 transmissions until the end of RAR window should be studied. 
As shown in Fig 1, more LBT and larger latency may be encountered in the conventional single Msg1 transmission scheme, and duplicated Msg1 transmissions plus corresponding response window can be constrained into a COT, thereby it may help to reduce the access latency. 
For CFRA, in case of at least one RACH transmission is successfully received (i.e. successful RAR), the UE can further stop the remaining Msg1 retransmission, which makes the resource utilization more efficient. 
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[bookmark: _Ref520299302]Fig 1. Illustration of multiple Msg1 transmission
Proposal 4: Multiple Msg1 transmissions for both CBRA and CFRA should be supported in NR-U.

LBT for NR-U PRACH
A LBT procedure should be performed before the UE is enabled to transmit its PRACH signal. This LBT can be either performed in the previous PUSCH slot before PRACH or at the beginning of the PRACH slot.  In the second option, NR-U PRACH formats should include a blank transmission region at the beginning of a PRACH slot. In LTE LAA, it was considered that a region for LBT is provided by not transmitting one or more OFDM symbols in a PRACH frame [4].
In LTE LAA, a UE may perform CAT 2 LBT for transmission including PUSCH in subframe within a COT (Channel Occupancy Time) initiated by the gNB. Similarly, CAT 2 LBT could be used for PRACH transmission when the scheduled PRACH occasion lies within a COT. Otherwise, CAT 4 LBT may be adopted for PRACH transmission. Note that LBT priority can be overridden by the latest group-common or UE-specific DCI, as a COT may be established/released by the gNB. An RRC connected UE could be configured by higher layer parameters for UL transmission timing adjustment, which makes UL transmissions from different UEs better aligned at the network side. When PUCCH is frequency multiplexed with PRACH, earlier PUCCH transmission before the slot/subframe boundary may block the PRACH transmission. Hence, a mechanism to handle this issue is required if frequency multiplexing of PUCCH and PRACH is supported in NR unlicensed.   
Proposal 5: Whether frequency multiplexing of PRACH and PUCCH is supported in NR-U shall be further studied.

RACH related procedure 
Random access response
In NR, the UE expects to receive random access response (RAR) within a RAR time window after successful PRACH preamble transmission, which is determined by higher layer parameter. A RAR carries scheduling information of a PUSCH transmission from the UE (Msg3 PUSCH). If a UE does not detect the PDCCH with a corresponding RA-RNTI and a corresponding DL-SCH transport block within the time window, it retransmits the PRACH preamble. In unlicensed operation, the RAR transmission could be blocked due to LBT failure. Hence the RAR transmission of NR-U can be enhanced by introducing more RAR transmission occasions or a monitoring window with flexible duration.
Msg3 PUSCH
As discussed above, a UE will transmit Msg3 PUSCH according to the scheduling information indicated by the RAR. There is a minimum time requirement between the last symbol of a PDSCH reception conveying a RAR and the first symbol of a corresponding Msg3 PUSCH transmission for a UE. Due to the time duration limitation of COT and required time gap between RAR and Msg3, they may not be able to transmit within the same COT. In this case, 2-step triggered scheduling mechanism could be considered, i.e., Msg3 is triggered to transmit in the subsequent COT and the scheduling information of trigger DCI is indicated by RAR in the previous COT.
PDSCH with UE contention resolution identity
In response to an Msg3 PUSCH transmission, the UE attempts to detect a PDCCH with a corresponding TC-RNTI or C-RNTI scheduling a PDSCH that includes a UE contention resolution identity, and it transmits HARQ-ACK information in a PUCCH. Similar to RAR transmission discussed above, Msg4 could also be enhanced in the same manner in NR-U.
Simplified RACH procedure
A 4-step RACH procedure is already supported in NR, and the total time required for RACH procedure only depends on the network’s scheduling and hardware capability. However, the required time for the RACH procedure may also depend on LBT results at both the gNB and UE side in unlicensed operation. In case the resources allocated for the RACH are not within COT, CAT 4 LBT should be used for contending to access the medium. The more LBT attempts required for the RACH procedure, the more time may be needed for completing the whole RACH procedure. In order to reduce the access latency, simplified RACH procedure could be introduced. For example, the simplified RACH only consists of two step: the UE transmits a new Msg1 to gNB as a connection request, and the gNB could reply with a new Msg2, which consists of the UE identity transmitted in Msg1and timing advance information, as an acknowledgment. After that the connection between the gNB and the UE is established. A new Msg1 may consists of both the preamble and the UE identity. The new Msg1 resource mapping shall be carefully designed to reduce the message collision probability. 
Observation 1: RACH procedure with reduced latency from LBT perspective should be considered.
Power ramping during RA procedure
In licensed band, power ramping is performed by the UE during the RA procedure if the corresponding RAR is not received within the RAR window. However, this may not always be the case in unlicensed spectrum since the preamble transmission in the pre-configured RACH occasion may be blocked due to LBT failure. In this case, the power ramping counter shall remain unchanged. Otherwise, it will degrade the system initial access performance by introducing more interference to other UEs which are transmitting preambles concurrently.
Proposal 6: Power ramping counter shall remain unchanged if preamble transmission fails due to LBT.

Paging occasion in frequency domain
Paging is used to inform one or a group of UE(s) the arrival of incoming data or SI changing. In Rel-15 NR, the UE need to monitor the Type0-PDCCH to search the paging message using the DRX parameters provided in the system information, which is similar to LTE paging mechanism, during the cell search [5]. Bandwidth part (BWP) is introduced in NR to support flexible channel bandwidth within a single wideband component carrier (CC), multiple SS/PBCH blocks could be transmitted in the frequency domain within a wideband CC. NR-U may support the same wideband operation. Considering the receiving bandwidth UE supports, paging messages should be transmitted within the same BWP as that of SS/PBCH blocks. The gNB needs to transmit duplicated paging messages on each BWP since UE could camp on any associated initial DL BWP that contains RMSI. The overhead of duplicated paging message on multiple BWPs could be large especially in multi-beam case as the gNB needs to transmit paging messages in multiple directions. Therefore, a paging message corresponding to a sub-group of UEs, as illustrated in Fig 2, will only be associated to a single BWP within the wideband CC in order to reduce the paging overhead. The paging occasion of a UE could be associated to a single BWP according to UE ID. 
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[bookmark: _Ref520299461]Fig 2. NR-U POW mapping in multiple BWPs
Proposal 7: The paging occasion of a UE can be associated to a single BWP within the wideband CC in order to reduce the paging overhead.

Enhancement on CSI-RS based measurements
In Rel-15 NR, the downlink radio link quality of the serving cell is monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. The UE could be configured with a set of periodic CSI-RS resources within the active DL BWP. The maximum number of configured CSI-RS resources depends on the maximum number of SS/PBCH blocks within a half radio frame. The physical layer in the UE indicates, in the frame where the radio link quality is assessed, out-of-sync to higher layer when the radio link quality is worse that the configured threshold for all resources in the set of resource for radio link monitoring (RLM). When the radio link quality is better than the configured threshold for any resource in the configured resource set, the physical layer in the UE indicates in-sync to higher layers.
In NR-U, periodic CSI-RS resources configured for RLM, which are transmitted at the scheduled occasions, cannot always be guaranteed due to uncertainty of LBT. In case of CSI-RS transmission fails in the frames that the UE is configured for radio link quality assessment, it may declare the radio link failure even if the radio link quality is still good. The UE may also perform re-connection by a PRACH signal transmission, which could increase the UE’s power consumption and decrease the spectral utilization efficiency. 
Based on the above discussion, enhancement on CSI-RS based measurements shall be investigated, i.e., robust CSI-RS transmission scheme by introducing more CSI-RS transmission opportunities and/or CSI-RS transmission status indication. As illustrated in Fig 3, assuming each radio link quality assessment window contains three CSI-RS transmission occasions (TO). In case A, the UE will indicate out-of-sync to high layers since all CSI-RS transmission fails due to LBT. In case B, the gNB may transmit the CSI-RS replacement that triggered by PDCCH until the beginning of the next pre-configured CSI-RS TO when the transmission fails at the current TO. Once the UE receives the CSI-RS replacement, it knows that the previous CSI-RS is missing due to LBT. In addition, the gNB could only indicate the previous CSI-RS transmission status, as shown in case C, to the UE via PDCCH. The UE may then update the measurement results according to the indication carried in DCI.


[bookmark: _Ref520299498]Fig 3. NR-U CSI-RS transmission schemes
Proposal 8: Enhancement on CSI-RS based measurements shall be investigated in NR-U.

Conclusions
In this contribution, we mainly discuss the channel access procedure for the “Signal” and RACH, RACH related procedure, and enhancement on CSI-RS based measurements. Based on the discussion, we have made the following observation and proposals:
Observation 1: RACH procedure with reduced latency from LBT perspective should be considered.
Proposal 1: CAT 2 or CAT 4 LBT could be used for the Access Signal transmission. The actual adopted LBT priority depends on the Access Signal composition, the periodicity, and the multiplexing pattern.
Proposal 2: Semi-static resource allocation of PRACH supported in NR could be the baseline of resource allocation design of PRACH in NR-U.
Proposal 3: Dynamic scheduling of PRACH occasion via DCI shall be supported in NR.
Proposal 4: Multiple Msg1 transmissions for both CBRA and CFRA should be supported in NR-U. Proposal 5: Whether frequency multiplexing of PRACH and PUCCH is supported in NR-U shall be further studied.
Proposal 6: Power ramping counter shall remain unchanged if preamble transmission fails due to LBT.
Proposal 7: The paging occasion of a UE could be associated to a single BWP within the wideband CC in order to reduce the paging overhead.
Proposal 8: Enhancement on CSI-RS based measurements shall be investigated in NR-U.
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