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Introduction
During RAN1#96bis, the enhancements to initial access procedure for NR-U were discussed. Agreements were made as follows [1]:
Agreement:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.
Agreement: 
For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.
Agreement:
UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).

In this contribution, the enhancements to initial access procedure in NR-U are discussed. 
Discussion
Synchronization procedure
In NR-U, UE determines serving cell timing from the detected SSB. The SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS). The SSB index should be extended to cover maximum 20 candidate positions within 5ms window. Assuming Y=20 for 30kHz SCS, the extended SSB index should have 5 bits. The 3bits LSB of extended SSB index can be indicated by current 8 PBCH DMRS sequences. For the other bits of extended SSB index, they can be indicated in PBCH payload. For UE synchronization purpose, the following information from detected SSB can be reused and newly defined.
· Reuse half radio frame bit
· three least significant bits of the SS/PBCH block index derived from 8 PBCH DMRS sequence index
· two most significant bits of the SS/PBCH block index
· Use two reserved bits in Rel-15 PBCH payload bits when LSSB is not equal to 64
· Re-interpret legacy payload bits
Among the 5 bits for SS/PBCH block index in NR-U, two most significant bits of the SS/PBCH block index should be defined. Legacy two reserved bits in Rel-15 PBCH payload bits can be used. Alternatively, some legacy payload bits can be reused and interpreted to SS/PBCH block index payload bits. 
Proposal 1: The extended SS/PBCH block index is indicated through PBCH DMRS sequence and PBCH payload.
QCL assumption
The QCL assumption of the detected SSB should be derived through the SSB index. For a specific actual transmitted SSB, it should convey the QCL information by UE to combine the SSBs with same QCL assumption. In Rel-15, the QCL assumption is derived from SSB index and L. In NR-U, ways on how to determine QCL assumption based on the extended SSB indexes need to be considered.
During previous meeting, the QCL determination mechanism was discussed, and Alt1- Alt5 were raised [2]. In our view, Alt 2 is proposed as follows. The parameter N is introduced for UE to determine QCL assumption. 
· Alt-2: SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(SS/PBCH candidate position index, N), where N is the number of non-QCL SSBs, N ≤ X, can be regarded as QCLed
· FFS: How to indicate or determine N
It is FFS how to indicate and determine N. For X=8, the value of N can be 1…8. For practical deployment, not all the the number of beam need to be supported, in order to reduce overhead of N indication. At the same time, the flexibility of deployed beam number should also be allowed. Considering the tradeoff between overhead and flexibility, N should at least have two alternative values. In our view, N = {2,4,8}, {2,4},{4,8} can be considered. 
Proposal 2: The parameter N should at least have two alternative values, e.g. N = {2,4,8}, {2,4},{4,8} .
It was agreed for a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows. If we consider UE can acquire QCL assumption without decoding PBCH, the PBCH DMRS sequence index only should be able to determine QCL assumption. The PBCH DMRS sequence index is the same for the QCLed SS/PBCH blocks. Totally, the PBCH should indicate 5 bits extended SSB index and N. gNB can decide and indicate N by PBCH. The number of bits for indicating N depends on the possible value of N. As proposed above, N should at least have two alternative values. The indicating of N needs 1-2 bits in PBCH payload. Then, additional 3-4 bits payload in PBCH are needed except for the 3 bits from 8 PBCH DMRS sequences. It needs to be studied how to indicate extended SSB index and N through SS/PBCH blocks. As discussed above, the reserved bits and re-interpreted payload bits in Rel-15 PBCH payload can be considered. The detail indication is FFS.
Proposal 3: The parameter N is indicated in PBCH payload. 
Proposal 4: It is FFS how to indicate SSB index and N through SS/PBCH blocks.
It is assumed that UE does not have to read PBCH of neighbor cells for the purpose of RRM measurement. However, UE needs to know the value of N of neighbor cells during measurement based on SSB. Since UE is not assumed to read PBCH of neighbor cells, how to obtain the value of N of neighbor cells should be considered. 
Proposal 5: In case of inter cell measurement, it is studied on how to obtain the value of N of neighbor cells.
SSB transmission procedure
Whenever gNB wants to initial a downlink transmission, it should first start channel access procedure. A TxOP can start after LBT succeeds. Before MCOT has passed, gNB should stop downlink transmission and wait for the next LBT success. Since the start of TxOP is not predictable due to LBT result, the end of TxOP can be locate on any transmission instances. For the DRS transmission, if the whole SSB burst set cannot be transmitted within a single TxOP, how to handle the DRS transmission in this case should be considered. One case is that the start of a TxOP is too late for a whole SSB burst set to transmit within the DRS window, although the duration of TxOP is enough to cover the whole SSB burst set transmission instances. The case is illustrated in the following figure. 
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Figure 1: Part of SSBs in a SSB burst set cannot be transmission before the end of SSB transmission window

For the above case, the incomplete SSB burst set transmission is caused by some specific TxOP position compared to the DRS transmission window. How to handle this case should be studied. For example, in this case, incomplete SSB burst set transmission is allowed in NR-U. Or gNB should find other TxOP for the whole SSB burst set transmission, instead of incomplete SSB burst set transmission. 
Proposal 6: It should be clarified how to handle the cases of incomplete SSB burst set transmission due to specific TxOP position.
As discussed above, the start of SSB burst set transmission can locate on all the possible start position in the DRS transmission window. It bring challenges to the indication of actual transmitted SSB in a SSB burst set. In NR, the bitmap of actual transmitted SSB is semi statically indicated to UE in SIB1, since the SSB can be transmitted in the nominal SSB positions. However, in NR-U, the SSB burst set transmission in a DRS transmission window is dynamically based on LBT results. The current indication of actual transmitted SSB should be enhanced in NR-U to timely inform UEs for rate matching. At least in RRC connected mode, the indication of actual transmitted SSB can be conveyed through PDCCH. GC-PDCCH and UE specific PDCCH can be considered. During initial access procedure, how to indicate the actual transmitted SSB for rate matching should be studied further. 
Proposal 7: The indication of actual transmitted SSB is conveyed through PDCCH. 
In NR-U, the SSB transmission scheme may have several alternatives. If the number of actual transmitted SSB is small than N, one alternative is that the actual transmitted SSB can be located on continuous candidate SSB positions. Another alternative is that the actual transmitted SSB can be located on random positions within N continuous candidate SSB positions. For the former alternative, since the SSB transmission scheme is different from Rel-15, the indication of actual transmitted SSB can be enhanced to reduce overhead in NR-U. 
Proposal 8: The enhancement to the indication of actual transmitted SSB is considered if enhanced SSB transmission scheme is defined in NR-U.

RACH procedure 
1）Msg1
Both contention-based RACH and contention-free RACH should be supported for NR-U at least for standalone scenario. RACH procedure can be triggered by initial access, RRC connection re-establishment procedure, handover, DL or UL data arrival but UL is non-synchronized, request for OSI, beam failure recovery, etc., which may require a dense PRACH resource configuration. The PRACH resource configuration is indicated by system information and should be reserved by idle UE for initial access procedure. However, since the DL transmission burst is opportunistic due to LBT, frequently appeared PRACH resources may cause frequently interruption of a DL transmission burst, which would lead to inefficient transmission in unlicensed carriers.
Two PRACH configurations with different periodicities can be considered to enhance PRACH configuration in NR-U. As shown in Figure 3, PRACH configuration 1 with longer periodicity indicated by system information can be used for idle UE for initial access, PRACH configuration 2 with shorter periodicity configured by RRC and indicated by dynamical signaling can be used for connected UE performing RACH procedure. For example, activation command and de-activation command can be introduced to dynamically indicate the activated time window, within which PRACH resource configured by PRACH configuration 2 can be used for preamble transmission. 


Figure 3 PRACH resource configuration for NR-U 
Proposal 9: Two PRACH configurations with different periodicities can be considered to enhance PRACH configuration in NR-U.
2）Msg2
For a RACH procedure, a UE needs to monitor a corresponded Msg2 within a preconfigured RAR window after transmitting a preamble. If the UE does not detect the PDCCH with an associated RA-RNTI within the window, it needs to retransmit the preamble and wait for a RAR again. In unlicensed bands, a gNB needs to perform LBT procedures before replying a RAR. If the gNB cannot obtain an available channel within the RAR window due to LBT failures, the gNB will not reply the RAR and the UE will not detect any PDCCH scrambled by the associated RA-RNTI. 
To handle this issue, in RAN1#94 meeting, it has been agreed to extend the maximum RAR window size to support more occasions for the RAR transmission. However, such a longer RAR window also increases the RAR monitoring occasions for a UE. If a gNB responded a RAR to a UE and the UE missed the response, or if a gNB did not prepare to respond a UE when contentions existed, the fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions. Thus, it seems extending the maximum RAR window size is a good option to introduce more RAR transmission occasions, but using a fixed long RAR window is not a good solution considering the power consumption and the access delay for a RACH procedure. How to design the RAR window and the RACH procedure in NR-U needs to be further considered. For example, a flexible RAR window can be introduced. 
Observation: A fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions.
For potential RACH resource enhancements in NR-U, multiple PRACH transmissions before Msg2 reception in RAR window was identified in last meeting. The number of allowed transmission is pre-defined or indicated. The resource of the multiple PRACH transmissions should be configured in RMSI or RRC signaling. These PRACH resource are grouped for multiple PRACH transmission. For gNB side, if more than one preamble from the PRACH resource group are received by gNB before RAR window termination, gNB has to respond to each detected preamble, since it has no idea whether these preamble are from same or different UE. For UE side, if multiple RARs for the PRACH resource group are received, it should determine which responded preamble is used for power control of Msg3. Otherwise, gNB can indicate which preamble is used for power control of Msg3. After determining the preamble, the total power ramp-up from the first to the last random access preamble could be determined and used to compute the power of PUSCH for Msg3 transmission. 
Proposal 10: For multiple PRACH transmissions before Msg2 reception, UE should determine the ramp-up power of preamble for the power control of Msg3.

Mobility procedure 
In RAN1#96 meeting, the following agreements on RLM/RRM were made [1]. 
Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure

For RLM, the transmission of RS for RLM is subject to LBT. The RLM-RS may be within or outside the DMTC. The actual transmitted RLM-RS should be identified for in-sync and out-of-sync evaluations. Rel-15 RLM metric or a new defined metric can be used for potential metric for RLM in NR-U. 
In the DMTC window, multiple candidate DRS transmission positions will be defined, as defined in DRS transmission window. The relation of DMTC and DRS transmission window relies on the DMTC configuration of gNB. 
 If SSB is configured as RLM-RS, there exists uncertainty of the success transmission of the SSB for measurement due to potentially LBT failures before the NR-U gNB send those SSBs. In our view, if UE can accurately identify the instances of unsuccessful or successful RLM-RS transmission, only the RLM-RS successfully transmitted by a gNB can be included in the measurement samples. In this case, Rel-15 RLM metric can be reused as much as possible. UE should determine whether a RLM-RS instance is used for IS/OOS evaluation. This can be done by two options.
· Explicit signaling
For explicit signaling, UE is informed the successful transmitted RLM-RS for in-sync and out-of-sync evaluations. Figure 4 shows an example of measurement in NR-U with opportunistic transmission. When DL LBT succeeds, it is informed to UE by gNB. Within the following COT of gNB, the configured RLM-RS for measurement is detected and measured by UE as effective measurement results. 


Figure 4 Measurement in NR-U with opportunistic transmission

· Implicit determination
For implicit determination, UE can determine the validity of a RLM-RS instance based on the reception of other channels or signals. For example, if UE successfully decodes a PDCCH just before and/or after a RLM-RS instance, UE can determine the RLM-RS instance is valid. 
With the information of valid RLM-RS instance explicitly or implicitly, Rel-15 RLM metric can be used for potential metric for RLM in NR-U.
Proposal 11: The validity of RLM-RS instance is determined before it is used for in-sync and out-of-sync evaluations.

· New metric for RLM
In RAN1 #95 meeting, it has been agreed that a new metric can be potentially defined to identify instances of unsuccessful detection of RLM-RS. This will be another way to handle the false-alarm issue which is triggered by the LBT failure.
In LTE and NR Rel-15, there are only two metrics for RLM. One stands for a better channel state and is used to evaluate the IS indication to higher layer, another stands for a worse channel state and is used to evaluate the OOS indication to higher layer. In NR-U, the RLM-RS may not be transmitted due to LBT failure. For this reason, if the two metrics are reused, some OOS indication may be triggered by the LBT failure. In such a case, the RLF and RRC reestablishment may be triggered when the channel state is still good enough. However, with a new metric, an UE can differentiate the cases whether the channel is good(IS), the channel is not good(OOS) and the channel state is unknown(unknown state). With these information, more radio link states can be differentiated, and it is helpful to reduce the false-alarm in RLF. 
Proposal 12: New metric for RLM shall be introduced to reduce the false-alarm in RLM/RLF.
Furthermore, consider the new metric for RLM, some related issues shall be discussed as well, such as the relationship between different metrics, how to handle the unknown state, the generation of cell level indications based on beam level evaluations and how to estimate RLF in new assumptions.

Conclusion
In this contribution, enhancements to initial access procedure in NR-U are discussed. The following are observed and proposed.
Proposal 1: The extended SS/PBCH block index is indicated through PBCH DMRS sequence and PBCH payload.
Proposal 2: The parameter N should at least have two alternative values, e.g. N = {2,4,8}, {2,4},{4,8} .
Proposal 3: The parameter N is indicated in PBCH payload. 
Proposal 4: It is FFS how to indicate SSB index and N through SS/PBCH blocks.
Proposal 5: In case of inter cell measurement, it is studied on how to obtain the value of N of neighbor cells.
Proposal 6: It should be clarified how to handle the cases of incomplete SSB burst set transmission due to specific TxOP position.
Proposal 7: The indication of actual transmitted SSB is conveyed through PDCCH. 
Proposal 8: The enhancement to the indication of actual transmitted SSB is considered if enhanced SSB transmission scheme is defined in NR-U.
Proposal 9: Two PRACH configurations with different periodicities can be considered to enhance PRACH configuration in NR-U.
Proposal 10: For multiple PRACH transmissions before Msg2 reception, UE should determine the ramp-up power of preamble for the power control of Msg3.
Proposal 11: The validity of RLM-RS instance is determined before it is used for in-sync and out-of-sync evaluations.
Proposal 12: New metric for RLM shall be introduced to reduce the false-alarm in RLM/RLF.
Observation: A fixed long RAR window may introduce unnecessary power consumptions and delay the msg1 retransmissions.
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