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1. Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Before that a NR Study Item [1] dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75.
In this contribution, we discuss about initial access and mobility related physical layer procedures for NR-U. We consider the following procedures:
· Initial access
· Random access
· RRM
· RLM

2. Initial Access
In RAN1#93 the following agreements were made related to initial access procedure:
	Agreement:
The following modifications to initial access procedures are beneficial
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
…



In RAN1#93 it was also agreed that a DRS signal comprising at least a SS/PBCH block burst set is defined for NR-U. SS/PBCH burst set can consist of one or multiple SS/PBCH blocks. Assuming a single beam common control plane at below 7 GHz, multiple SS/PBCH blocks transmitted consecutively within a DRS can be used for repetition which is seen essential feature to make NR-U more attractive in deployment wise as discussed in [2]. To increase transmission opportunities for DRS transmission where DRS may have one or multiple SS/PBCH blocks (repetition) one way is to define locations for N DRS opportunities within certain time period, e.g. within a 5 or 10 ms which then occurs periodically e.g. with 40 or 80 ms periodicity as described in Figure 1.

[image: ]
[bookmark: _Ref521419849]Figure 1 Multiple DRS opportunities for the DRS comprising four SS/PBCH blocks for repetition.
[bookmark: _Hlk521420134]Proposal 1: Support multiple transmission opportunities for the DRS where DRS may have one or multiple SS/PBCHs used for the repetition (single beam).

3. Random Access
In RAN1#93 the following agreements were made related to random access procedure:
	Agreement:
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




3.1 General
NR supports in Rel-15 a 4-step RACH procedure. A 2-step procedure could be a tempting approach to minimize LBT overhead and reduce latency in unlicensed operation. However, 2-step procedure would also improve licensed operations such as mMTC or URLLC scenarios and thus it is considered that any generic improvement like the 2-step procedure should be first studied for related licensed NR SIDs/WIDs and then potentially adopted to unlicensed as well. For the time being, 4-step RACH procedure should be the baseline for NR-Unlicensed, at least in initial access phase.
Proposal 2: NR 4-step RACH procedure is a starting point for NR unlicensed in initial access.
It is clear that in stand-alone operation both contention-based (CBRA) and contention-free (CFRA) RACH procedures are needed. However, non-standalone contention-based RACH is also required e.g. in cases when SR procedure fails or when TA timer expires. Furthermore, in initial PSCell addition the network may omit the configuration of contention-free RACH resources.

Proposal 3: Support both CBRA and CFRA RACH procedures in NR unlicensed. 

3.2 On Msg1 and Msg2 transmission opportunities
As quoted above, mechanisms to handle reduced MsgX transmission opportunities in 4-step RACH procedure due to LBT failure are seen beneficial and should be studied further. Here we discuss about Msg1 and Msg2 transmissions. 

In NR, the transmission opportunity for Msg1 (preamble) is configured by the gNB, and the UE can certainly transmit Msg1 at the configured opportunity. However, on unlicensed spectrum, the transmission opportunity of Msg1 can be frequently blocked by LBT failure and the UE has to wait for the next transmission opportunity to try again. It obviously increases the latency of performing RACH procedure. To avoid unacceptable increase in random access latency, enhancements for the Msg1 transmission opportunities are needed.   

One approach to provide transmission opportunities for Msg1 in flexible manner would be to allow PRACH resources being multiplexed in UL portion of a shared COT acquired by the gNB as discussed in more details in an accompanying contribution [3]. 

Observation 1: Allowing PRACH resources being multiplexed in a flexible manner in UL portion of a shared COT acquired by the gNB would enhance transmission opportunities for Msg1.

Additionally, Msg1 transmission opportunities can be increased by allocating multiple PRACH occasions (ROs) within a certain RACH period as supported by NR Rel15. ROs within a period can be multiplexed both in frequency and time. 

Observation 2: Multiple PRACH occasions within RACH period as defined in NR Rel15 can be used to increase transmission opportunities for Msg1 transmissions.

After transmission of PRACH preamble the UE monitors PDCCH for RAR scheduling within a certain time window. If the UE doesn’t detect RAR within the window configured by the gNB, it transmits PRACH preamble again in the next available RO which is subject to LBT. A simple way to improve RAR detection and therefore to increase transmission opportunities for the Msg2 is to extend the RAR window to a higher duration than specified in NR Rel15 for which the maximum duration is 10 ms.
Observation 3: A simple way to increase transmission opportunities for the Msg2 is to extend the RAR window to a higher duration than specified in NR Rel15 for which the maximum duration is 10 ms.

4. RRM
In RAN1#93 the following agreements were made related to DRS transmission design:
	Agreement:
· 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



The baseline Rel-15 NR specifications introduce the concept of SS block (SSB) based RRM measurement timing configuration (SMTC) for SSB-based measurements. The SMTC is a timing configuration where the UE is configured to perform SSB-based RRM measurements. The NR SMTC framework presents several similarities with the LAA DRS measurement timing configuration (DMTC) framework, which was introduced in Rel-13 LAA to handle the time unpredictability in the transmission of DRS for the purpose (among others) of performing RRM measurements. 

Also based on the RAN1#93 agreements reported above, we envision that a similar DRS transmission design as standardized for LAA will also be introduced for NR-U. The NR-U DRS will be transmitted with a certain periodicity, while the actual transmission of the NR-U DRS is allowed within a window of opportunity to overcome the negative effects of impending channel unavailability due to Listen-Before Talk (LBT).  
Observation 4: A similar DRS transmission design as standardized for LAA is likely to be introduced in NR-U. The transmission of the NR-U DRS is allowed within a window of opportunity that repeats with a certain periodicity.

Under this assumption, we expect that the NR SMTC framework can be largely reused in NR-U to handle the uncertainty introduced by LBT on the transmission of reference signals for mobility and RRM purposes. 

Proposal 4: Reuse Rel-15 NR SMTC framework in NR-U as baseline to handle the uncertainty introduced by LBT on the transmission of reference signals for RRM purposes.

However, some modifications and/or extension of the NR SMTC framework may be needed. For example:

· Depending on the NR-U DRS transmission design, a new set of SMTC window durations and/or periodicities may need to be defined for operation in unlicensed spectrum.

· In NR, CSI-RS measurements can be configured with a given periodicity and offset (either relative to the serving cell timing or to a specific SSB of the measured cell), but the “duration” of a CSI-RS occasion is fixed to one slot. Since LBT may prevent the gNB from to transmitting CSI-RS in the corresponding slot, the SMTC framework may need to be extended to also cover CSI-RS-based RRM measurements (basically introducing a window of opportunity for the transmission on CSI-RS for mobility and/or RLM purposes). 

· The SMTC framework may also need some modifications to enable the UE to detect and measure unsynchronized NR-U cells. This may especially be true for RRM measurements requiring measurement gaps, and in cases the minimum DRS periodicity in an NR-U cell is larger than the maximum SMTC window and/or measurement gap duration that can be configured to the UE.
Proposal 5: Based on the NR-U DRS design, RAN1 should discuss possible modifications to the Rel-15 NR SMTC framework to guarantee operation in unlicensed spectrum.

The considerations and proposals in this section apply to RRM measurements in both RRC connected mode and idle/inactive mode.

5. RLM
In RAN1#93 the following agreements were made related to radio link monitoring procedure:
	Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied

Agreement:
· 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




About the current RLM framework in NR, UEs are provided RLM reference signal configurations by implicit determination or explicit configuration from the gNB. Both SS block and CSI-RS can be used as RLM-RS. The UE shall monitor the downlink quality based on the SSB and/or CSI-RS, and assess the downlink radio link quality per every evaluation period. However, in NR unlicensed spectrum, the periodical transmission of RLM-RS may be interrupted due to LBT failure as shown in Fig.2. 


Figure2: Periodical RLM-RS transmission in NR-U
Once the gNB misses the RS transmission due to the failed LBT, it must wait until the next transmission opportunity. More seriously, the gNB may fail to access the channel for several consecutive periods. In this case, the UE may not exactly know the radio link status because the UE cannot distinguish whether the radio quality is poor, or the reference signals are not transmitted due to LBT failure. In this case, if the UE always reports OOS indication to higher layers even if the channel condition is good, the inaccurate measurement result may lead to unnecessary RLF. On the other hand, if the UE always doesn’t report OOS indications when it cannot detect any of its configured RLM-RS resources, this will result in unacceptable delays in declaring RLF. Therefore, the RLM/RLF mechanism may be impacted by the possible lack of reference signals due to LBT.
As also discussed in the section on RRM, in RAN1#93 it was agreed that NR-U will introduce a signal similar to DRS in LAA, which contains at least SS/PBCH block. As defined in LTE-LAA, the DRS is transmitted in a predictable timing configuration, here referred to as the DRS transmission timing configuration (DTTC). The presence of DRS in unlicensed spectrum can be expected because the gNB would always attempt to transmit the DRS with one or multiple transmission opportunities in the DTTC; on the other hand, high-priority LBT defined for DRS in LAA may also be used to improve the success probability of DRS transmission. With these characteristics, the DRS in NR-U, which consists of at least SSB and optionally CSI-RS resources, is very suitable to be used for the purpose of RLM.
Proposal 6: NR-U DRS can be used for the purpose of RLM
In case the UE cannot detect any DRS transmission during the DTTC window, it cannot distinguish whether this is due to poor link quality or because the DRS transmission is blocked by LBT. Therefore, the event of the UE not detecting any DRS transmissions within the DTTC window should also be counted in the out-of-sync evaluations. How to count the missing DRS samples within the DTTC window in the out-of-sync evaluations is for RAN4 to be discussed. 
Proposal 7: The event of the UE not detecting a DRS transmission within the DTTC window is also counted in the out-of-sync evaluations. How to count the missing DRS samples within the DTTC window in the out-of-sync evaluations is for RAN4 to be discussed.
As by proposal 7, LBT blocking within the DTTC window may result in unnecessary declaration of RLF. Though periodic RLM-RS transmission outside the DTTC window are less reliable that DRS transmissions within the DTTC, they can still be used for RLM purposes. To allow for faster RLM recovery in case DRS transmission within the DTTC is blocked, we propose that detected L1 samples outside the DTTC in correspondence of configured RLM-RS resources can also be used in the in-sync evaluations
Proposal 8: L1 samples outside the DTTC window are also used for in-sync evaluations (upon detection of RLM-RS transmission from the gNB).
As by proposal 8, outside of the DTTC window the samples based on the detection of periodical RLM-RS (e.g. SSB or CSI-RS) can be used for the in-sync evaluations. It seems that the number of detected RLM-RS signals, which relies on the RLM-RS periodicity and the success probability of LBT, may impact the in-sync evaluation performance. The RLM-RS signals used for in-sync evaluations might not have sufficient density when the periodical RLM-RS signal could not always be transmitted periodically at the configured time resource due to the unsuccessful channel access. 
Observation 5: The RLM-RS signals used for in-sync evaluation might not have sufficient density when the periodical RLM-RS signals are blocked by failed LBT. 
Hence, further enhancements for RLM-RS signal outside of the DTTC window need to be investigated, especially for long periodicity of RLM-RS resources. For example, when the gNB could not send the RLM-RS signal for pre-defined time duration (e.g., K=2 consecutive periods), an additional opportunity window could be triggered as shown in Fig.2, where some additional occasions of RLM-RS signal transmission should be introduced. Besides the legacy periodical RLM-RS signal (i.e., SSB/CSI-RS), the opportunistic RLM-RS signal can also be extended to include additional reference signals such as DMRS (i.e., Group common DMRS or UE-Specific DMRS) in PDCCH or UE-Specific DMRS in PDSCH if they happen to be transmitted in the opportunity window.
Proposal 9: For outside the DTTC window, the RLM measurement should consider the additional opportunistic RLM-RS transmission in one triggered window if the legacy periodical RLM-RS transmission is not detected.


Figure 3: Opportunistic RLM-RS transmission in one triggered window in NR-U



6. Conclusions
In this contribution, we have discussed potential changes and enhancements needed for physical layer procedures for NR unlicensed scenarios. Based on the discussion, we make the following observations and proposals:
Initial Access

Proposal 1: Support multiple transmission opportunities for the DRS where DRS may have one or multiple SS/PBCHs used for the repetition (single beam).
Random Access

Proposal 2: NR 4-step RACH procedure is a starting point for NR unlicensed in initial access.
Proposal 3: Support both CBRA and CFRA RACH procedures in NR unlicensed. 

Observation 1: Allowing PRACH resources being multiplexed in a flexible manner in UL portion of a shared COT acquired by the gNB would enhance transmission opportunities for Msg1.

Observation 2: Multiple PRACH occasions within RACH period as defined in NR Rel15 can be used to increase transmission opportunities for Msg1 transmissions.

Observation 3: A simple way to increase transmission opportunities for the Msg2 is to extend the RAR window to a higher duration than specified in NR Rel15 for which the maximum duration is 10 ms.
RRM

Observation 4: A similar DRS transmission design as standardized for LAA is likely to be introduced in NR-U. The transmission of the NR-U DRS is allowed within a window of opportunity that repeats with a certain periodicity.

Proposal 4: Reuse Rel-15 NR SMTC framework in NR-U as baseline to handle the uncertainty introduced by LBT on the transmission of reference signals for RRM purposes.

Proposal 5: Based on the NR-U DRS design, RAN1 should discuss possible modifications to the Rel-15 NR SMTC framework to guarantee operation in unlicensed spectrum.

RLM

Proposal 6: NR-U DRS can be used for the purpose of RLM
Proposal 7: The event of the UE not detecting a DRS transmission within the DTTC window is also counted in the out-of-sync evaluations. How to count the missing DRS samples within the DTTC window in the out-of-sync evaluations is for RAN4 to be discussed.
Proposal 8: L1 samples outside the DTTC window are also used for in-sync evaluations (upon detection of RLM-RS transmission from the gNB).
[bookmark: _GoBack]Observation 5: The RLM-RS signals used for in-sync evaluation might not have sufficient density when the periodical RLM-RS signals are blocked by failed LBT. 
Proposal 9: For outside the DTTC window, the RLM measurement should consider the additional opportunistic RLM-RS transmission in one triggered window if the legacy periodical RLM-RS transmission is not detected.
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