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Introduction
The study item of NR-based access to unlicensed spectrum was approved in RAN #75 meeting. Besides NR based license assisted access, standalone (SA) operation of unlicensed spectrum is also in the scope of this study item. In this contribution, we discuss some potential physical layer procedures in initial access and mobility that may require modification or may be beneficial to unlicensed spectrum operation. Some potential solutions are shared as well.
Discussion
In order to support standalone operation on unlicensed spectrum, initial access designs need to be addressed. In our view, a unified design for both NR licensed and unlicensed operations should be pursued whenever it is possible. However, due to some regulation requirements in unlicensed spectrum, such as listen-before-talk (LBT) and occupied channel bandwidth (OCB), some designs from NR licensed operation may not be adopted to NR unlicensed operation directly without any modification.
SMTC transmission
At RAN1 #94, we made the following agreements on handling dropped SSBs due to LBT failure. 
	Agreement: (RAN1 #94)
· It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB



As to the above agreements, our understanding of Alt-1 is that whenever LBT is passed, gNB always starts NR-U DRS transmission with SSB-0. Therefore, gNB needs to signal the entire offset between the pre-defined starting position of the SMTC window and the actual transmission timing of NR-U DRS. On the other hand, Alt-2 already indicates the 3LSB bits of the actual transmission timing by PBCH DMRS. Alt-2 hence is better than Alt-1 in the sense of signaling efficiency. But for both alternatives, the timing offset of DRS transmission caused by LBT needs to be indicated to UE so that UE in initial access knows how to derive the timing of the cell at least in NR-U standalone operation. Finally, Alt-3 claims it provides more flexibility than the other two alternatives, but what is the motivation for such flexibility? For example, it is quite natural to order SSB indices in an ascending way (like Alt-1) or ascending way with cyclic wrapping (like Alt-2). But why do we need to order SSB indices in any possibilities that the network wants?
[bookmark: _Ref525850856]Observation 1: Alt-2 is more signaling efficient than Alt-1. 
[bookmark: _Ref525850864]Observation 2: It is not clear why Alt-3 wants to provide more flexibility than necessary. 
Similar to the DRS and DMTC design in LTE-LAA, we think it is beneficial to have more transmission opportunities for DRS which contains essential signals for initial access and measurement to cope with LBT failure. As in NR, SMTC has been defined and stands for SSB-based measurement timing configuration, we think a similar terminology can adopted for NR-U usage, for example, NR-U SMTC. However, the default time duration of SMTC in NR is 5msec which may need some modification for NR-U. Besides, the periodicity of SMTC in NR is 20ms by default and can be further configured to 5ms, 10ms, 20ms, 40ms, 80ms, or 160ms. Again, the supported SMTC periodicities for unlicensed operation shall be discussed in order to facilitate fast channel access based on regulation. 
As we have pointed out, the duration of DRS is dependent on the number of SS/PBCH blocks. If the number of SS/PBCH blocks is configurable as in NR, then it is beneficial if the time duration of DRS or the number of SS/PBCH blocks is indicated to UE. As illustrated in the last case in Figure 1, if the network does not pass LBT until the very end of the SMTC window, can it be allowed to transmit DRS so that the time when it has finished DRS transmission is outside of the SMTC window? In other words, the allowed starting positions of DRS transmission within SMTC need to be discussed. Furthermore, the discussion of candidate starting positions shall include its granularity? Shall they be slot-, 7-symbol-, or symbol-boundary aligned? The finer the granularity is, the less reservation signal the network needs to transmit. 


[bookmark: _Ref521509894]Figure 1: NR-U SMTC window and NR-U DRS transmission

Based on the above discussions, we have the following proposal regarding NR-U SMTC transmission. 
[bookmark: _Ref521510793]Proposal 1: NR-U defines the terminology of NR-U SMTC for NR-U DRS transmission. 
[bookmark: _Ref525850904]Proposal 2: The following design issues shall be discussed for NR-U SMTC.
· FFS: NR-U SMTC duration and periodicity
· FFS: Candidate starting time positions for NR-U DRS within NR-U SMTC including granularities
· FFS: How to indicate the uncertain offset caused by LBT?
· FFS: Whether DRS duration is fixed or configurable. If configurable, how to indicate to UE its duration?

Random access procedure
At previous RAN1 meetings, the following agreements on RACH were made. 
	Agreement: (RAN1 #93)
The following modifications to initial access procedures are beneficial
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access



	Agreement: (RAN1 #94)
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
· FFS: Value of maximum RAR window size



The LBT requirement to access unlicensed spectrum not only reduces transmission opportunities but also increases access latency. Similar to NR, reduction of RACH latency should be a design target in NR-U. To mitigate the impact of LBT, one straightforward way is to reduce the number of steps in a procedure. Hence, it could be beneficial if the simplified 2-step RACH is supported in NR-U. The number of LBTs needs to be conducted in a RACH procedure is consequently reduced to half in a simplified 2-step RACH compared with the conventional 4-step RACH. 
[bookmark: _Ref506627451][bookmark: _Ref510616509]Proposal 3: NR-U shall study the feasibility of 2-step RACH to reduce random access latency.

	Regardless of whether or not 2-step RACH is supported in NR-U, the 4-step RACH is likely to be adopted as baseline. It is therefore beneficial to discuss enhancements to 4-step RACH to cope with the uncertainty of channel availability due to LBT. To handle the reduced transmission opportunities of msg1/2/3/4 due to LBT failure, additional transmission opportunities can be allocated in both the time domain and frequency domains. To increase the LBT success rate, the network also can reduce the LBT overhead for UEs, if not entirely eliminate it, by allocating uplink resources including RACH occasions in gNB shared COTs. For example, RACH occasions can immediately follow DRS transmissions so that RACH occasions are in the same COT as DRS. In this way, UEs that conduct PRACH transmissions on these occasion may conduct no-LBT or one-shot LBT. Based on a similar principle, additional RACH occasions can also be allocated in any gNB shared COT to increase the transmission opportunities for PRACH.
[bookmark: _Ref510616498]Observation 3: It can reduce UE’s LBT overhead and RACH access latency if pre-configured RACH resources are allocated immediately following DRS within the same COT.   
[bookmark: _Ref525850917]Proposal 4: RAN1 shall consider the following methods to enhance 4-step RACH in NR-U. 
· To increase transmission opportunities for Msg1/2/3/4 in both time and frequency domains 
· To reduce UE’s LBT overhead during a RACH procedure
· Note: the above methods are not mutually exclusive. 

Finally, we want to point out that the design of RA-RNTI determination is based on the assumption that the RAR window size is 10msec in both NR and LTE. As we can see the details of RA-RNTI calculation from Section 5.1.3 of TS 38.321 V15.3.0, the slot index, t_id, is based on the first slot of the selected PRACH preamble in a radio frame. 
The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
	RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < 80), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for NUL carrier, and 1 for SUL carrier).
Therefore, the extension of RAR window size has an impact on the maximum values of t_id and RA-RNTI. If the RAR window size is extended to 40msec, the value range of t_id becomes 0 ≤ t_id < 320 and the maximum RA-RNTI value becomes (71680-1) which is larger than the 16-bit RNTI can provide. 
[bookmark: _Ref525850876]Observation 4: When the RAR window size is extended to be 40msec or larger, the RA-RNTI determination formula should be revisited. 
   
Paging 
	Agreement: (RAN1 #93)
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied



Similar to LTE, paging can be used to notify UE for system information change, earthquake or tsunami warning notifications, etc. However, unlike LTE, NR supports short-message paging transmissions. In other words, when paging is used for such notifications, gNB can simply transmit a paging PDCCH without necessarily scheduling the corresponding PDSCH. An example of paging search spaces associated with different SS/PBCH blocks is illustrated in Figure 2 where the offset between the first slot containing paging search space and the first slot containing SS/PBCH blocks is 2 msec, i.e. O=2, and the number of paging search spaces in a slot is 1/M=2. As illustrated in this example, transmission gaps may occur in between two short-message paging transmissions. In unlicensed spectrum, during the transmission gaps, the gNB is at risk of losing the channel access to other devices. Therefore, such gaps should be avoided as much as possible. One solution is that paging PDCCHs, if present, are always transmitted in slots where NRU-DRSs are transmitted. But whether paging PDSCHs shall be part of NRU-DRS should be further discussed since their presence is not guaranteed even when paging PDCCHs are transmitted. 
[image: ]Gaps
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[bookmark: _Ref525739608]Figure 2: One example of paging search spaces assuming SS/PBCH block and control resource set multiplexing pattern 1 and frequency range 1: the number of actually transmitted SSBs L=8, offset O=2, M =0.5, with SCS_SSB=30kHz, SCS_RMSI=30kHz. [Table 13.11 in TS 38.213] 
[bookmark: _Ref525850881]Observation 5: Gaps may occur in between short-message paging transmissions and induce a risk of losing the channel.  
[bookmark: _Ref525850923][bookmark: _Ref521510874]Proposal 5: NR-U should study how to avoid transmission gaps in between short paging messages. 

Conclusion
In this contribution, we have the following observations. 
Observation 1: Alt-2 is more signaling efficient than Alt-1.
Observation 2: It is not clear why Alt-3 wants to provide more flexibility than necessary.
Observation 3: It can reduce UE’s LBT overhead and RACH access latency if pre-configured RACH resources are allocated immediately following DRS within the same COT.
Observation 4: When the RAR window size is extended to be 40msec or larger, the RA-RNTI determination formula should be revisited.
Observation 5: Gaps may occur in between short-message paging transmissions and induce a risk of losing the channel.

And our proposals are summarized as follows.
Proposal 1: NR-U defines the terminology of NR-U SMTC for NR-U DRS transmission.
Proposal 2: The following design issues shall be discussed for NR-U SMTC.
Proposal 3: NR-U shall study the feasibility of 2-step RACH to reduce random access latency.
Proposal 4: RAN1 shall consider the following methods to enhance 4-step RACH in NR-U.
Proposal 5: NR-U should study how to avoid transmission gaps in between short paging messages.
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