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1	Introduction

In RAN1#93, the following agreements for NR-U were made:
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
· 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:
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:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied
In RAN1#94, the following agreements for NR-U were made:
Agreement:
· 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
Agreement:
It is beneficial to support reporting of RSSI
· FFS: The time and frequency resources on which RSSI is measured

In RAN1#94b, the following agreements for NR-U were made:
Agreement:
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission

Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
· Frequency-domain enhancement
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements
· For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
· For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
· Additional, new RACH resources are used immediately following detection of DRS transmission
· Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
· Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

Agreement:
· It is considered beneficial to configure DMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the DMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the DMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the DMTC(s)
· RLM DMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of DMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If DMTCs for RRM measurements and RLM are the same or can be different

In this contribution we discuss issues related to these agreements.
[bookmark: _Ref178064866]2	Discussion
Support of unlicensed operation both stand-alone as well as in combination with licensed spectrum is an essential requirement for NR. Due to some specific characteristics and regulatory requirements of using unlicensed spectrum, e.g., coexistence with other systems, uncertainty of channel availability and transmit power restrictions, etc., some technology components need to be specifically designed as compared with those for licensed spectrum. Especially in this contribution we will focus on procedures for initial access, mobility and radio link monitoring.
In unlicensed spectrum, transmissions are often (depending on regulation) subject to LBT which leads to that signals and channels might be shifted in time or not transmitted at all. This will evidently affect procedures such as initial access, RRM measurements and radio link monitoring (RLM).
[bookmark: _Ref521085730][bookmark: _Toc528677241][bookmark: _Toc528934704]When signals and channels are subject to LBT, their relative positions and/or presence cannot be guaranteed.
Procedures thus need to be designed not to assume fixed time relations between signals where LBT is required between when the different signals are transmitted, e.g. if they are transmitted by different nodes. In addition, procedures should not assume that a signal or channel that requires LBT is always present. 
When operating in unlicensed spectrum it is important to minimize always on transmissions and to concentrate them in time as much as possible. Minimizing always on transmissions reduces interference both within a network and towards other networks. Concentrating transmissions in time instead of spreading them out has the benefit that the number of times a node needs to contend for the medium is minimized.
[bookmark: _Ref481497456][bookmark: _Toc528677242][bookmark: _Toc528934705]For efficient operation in unlicensed spectrum, always-on-transmissions should be kept at a minimum and be concentrated in time as much as possible.
In the following sections we will give a short overview of the respective procedures in NR and highlight aspects where procedures might need to be modified to accommodate operation in unlicensed spectrum, given the observations above.
In our companion paper [3] we discuss the benefits of grouping signals for initial access and RRM into a Discovery Reference Signal (DRS).
2.1	Initial access
In NR the initial access procedure can be split into (at least) the following three steps:
1. Cell search
2. Reception of (minimum) system information
3. Random Access
2.1.1	Cell search

In NR cell search is accommodated by the UE reading at least one SS/PBCH block that provides time and frequency synchronization and the physical layer cell ID. The gNB can transmit up to L (which is frequency range dependent) SS/PBCH blocks in a half frame. The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to . The UE determines the SS/PBCH block index based on a PBCH DM-RS (L=4 and L=8) and a combination of PBCH DM-RS and PBCH payload (L=64). Based on the SS/PBCH index, candidate positions as defined in [1], and the PBCH payload, the UE can establish cell timing.
In RAN1#94 it was agreed to define a mechanism to allow transmission of SSBs dropped due to LBT failure and further it was also agreed to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB.
In RAN1#94bis is was agreed beneficial to expand the number of candidate SSB positions within a DRS transmission window to [Y], for e.g. Y = [64].
In NR the maximum value of the SS/PBCH block index that can be signaled to the UE is 64 corresponding to FR2. It is noted that the maximum value is lower for FR1 (4 or 8), but in principle the signaling mechanism used for FR2 can be reused for NR-U to account for LBT failure. Because there are two SS/PBCH block positions in each slot, the 64 indices can cover 32 slots, which corresponds to 32, 16 and 8 ms for 15, 30 and 60 kHz subcarrier spacing respectively. Thus, using a subset of the available 64 indices, any SS/PBCH block position within a half-frame (duration = 5 ms) can be addressed. 
[bookmark: _Ref528574642][bookmark: _Toc528677244][bookmark: _Toc528934706]Using a subset of the 64 SS/PBCH block indices and the half-frame indicator, the UE can determine the frame timing for an arbitrary time shifted SS/PBCH block position, with a shift granularity of half a slot.

In RAN1#94b the duration of the DRS transmission window was for further study. Even in Rel-13 LAA, the DRS can shift within a window of 6 ms. For NR-U we expect the UE to be even more dependent on robust DRS transmissions to e.g. keep time/frequency synch and perform measurements for RLM and mobility. Thus given Observation 3 we think that the mechanism to signal the timing of the DRS should be designed to allow the UE to determine the timing of an arbitrary shifted SS/PBCH block position. This can be achieved using the half-frame indicator and 10, 20 and 40 SS/PBCH block indices for a SS/PBCH block sub-carrier spacing of 15 kHz, 30 kHz and 60 kHz respectively.
[bookmark: _Toc528677254][bookmark: _Toc528934683]Design the method for the UE to determine the frame timing from a detected SS/PBCH block to support arbitrary time shifts, i.e. the signaling does not restrict the DRS transmission window length. The maximum length of the DRS transmission window can then be concluded in the work item phase together with the maximum length of the DMTC(s).
In RAN1#94b the duration of the transmitted DRS within the DRS transmission window, including SSBs and other multiplex signals/channels, was for further study. In our companion paper [2] we discuss and evaluate the channel access rules for the DRS under the assumption of a maximum duration of 1 ms, which is the same restriction as in LTE-LAA. Thus, we think that the DRS duration also for NR-U should be limited to 1 ms.
[bookmark: _Toc528677255][bookmark: _Toc528934684]The duration of the transmitted DRS within the DRS transmission window, including SS/PBCH blocks and other multiplex signals/channels is limited to 1 ms.
Given that the duration of the transmitted DRS is limited to 1 ms, the maximum number of SS/PBCH blocks that can be transmitted within the DRS depends on the sub-carrier spacing of the SS/PBCH blocks. Thus, we think that the maximum number of transmitted SS/PBCH blocks [X] within the DRS should depend on the chosen sub-carrier spacing. In [3] we give an example of a compact DRS design with a duration of 1 ms where 4 SS/PBCH blocks and the corresponding CORESET#0 and PDSCH carrying RMSI are multiplexed.
[bookmark: _Toc528677256][bookmark: _Toc528934685]The maximum number of transmitted SS/PBCH blocks [X] within the DRS should depend on the chosen sub-carrier spacing. E.g. for 30 kHz sub-carrier spacing, X=4 gives a DRS duration limited to 1 ms.
In NR the UE may assume that SS/PBCH blocks transmitted with the same SS/PBCH block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters. However, the UE shall not assume quasi co-location for any other SS/PBCH block transmissions. This implies that SS/PBCH blocks with different indices should be treated independently by the UE.
When the SS/PBCH blocks are allowed to shift in time, the SS/PBCH index detected by the UE should change depending on the shift. This can allow the UE to determine the frame timing, but it will also affect other procedures. For example, SS/PBCH block based RRM measurements are done per SS/PBCH block index, and the UE averages measurements only for SS/PBCH blocks detected with the same index. If the indices shift due to LBT, clearly the procedure can be affected if the shift is not taken into account. Similarly, RLM and RACH procedures can be affected since they also depend on the detected SS/PBCH block index. 
This was also recognized in RAN1#94bis where it is for further study how to derive the frame timing from detected SS/PBCH blocks and the relationship between transmitted SSB index and QCL assumptions at the UE.
As an example, say that the gNB transmits four different SS/PBCH blocks. If LBT succeeded on the first attempt the gNB will transmit index 0,1,2,3. In the next SS/PBCH block period say that LBT failed on the first and second attempt, requiring the SSB transmissions to be delayed, the gNB would then transmit index 2,3,4,5. From the UE’s perspective it appears as though index 4 and 5 correspond to  new SS/PBCH blocks and that  index 0,1 could not be detected. However, from the gNB’s perspective it is simply transmitting the same 4 SS/PBCH blocks as in the previous period but shifted in time for the current period.
Thus, the UE needs to know that even if the indices detected for two SS/PBCH blocks are not the same, the actual SS/PBCH blocks are in fact the same, and thus should not be treated independently. In other words, the UE can assume that two SS/PBCH blocks are quasi co-located even if their index differs.
One way to achieve this is that the UE computes an effective SS/PBCH block index given by the detected SS/PBCH block index modulo N. This effective SS/PBCH block index is then used instead of the detected SS/PBCH block index for the purposes of RRM and RLM measurements and also for indicating PRACH occasions. The only exception is frame timing for which the UE would use the actual detected SS/PBCH indices, not the effective indices.
[bookmark: _Toc528677257][bookmark: _Toc528934686]The UE determines frame timing from detected SS/PBCH blocks using the SS/PBCH block index (extended to Y = [64] for NR-U) and half-frame indicator as in Rel-15 NR. The value of Y, will depend on the supported SS/PBCH block sub-carrier spacing. E.g. for 30 kHz sub-carrier spacing Y=20, would (together with the half-frame indicator) allow an arbitrary time shift with half-slot granularity.
[bookmark: _Toc528677258][bookmark: _Ref528925289][bookmark: _Toc528934687]The UE determines the relation between transmitted SS/PBCH block index and QCL assumptions using an effective SS/PBCH block index given by the detected SS/PBCH index modulo N.
In RAN1#94b it was for further study if and how to support beam repetition for soft combining of SSBs within the same DRS transmission. Using the mechanism in Proposal 5 with N=1, basic repetition can be achieved easily. To support soft combining of PBCH, larger specification impacts are foreseen and it is not clear how the UE would derive the frame timing in such a scheme. 
[bookmark: _Toc528924719][bookmark: _Toc528934688]Basic repetition can be achieved using N=1 in the method where the UE determines the relation between transmitted SS/PBCH block index and QCL assumptions using an effective SS/PBCH block index given by the detected SS/PBCH index modulo N.
In Figure 1, several examples are shown for different values of N assuming a DRS with 4 SS/PBCH blocks, including basic repetition with N=1. QCLx denotes which SS/PBCH blocks the UE may assume to be QCL’d.



 
Figure 1: Examples of different SS/PBCH positions and their respective, SS/PBCH index (SSBx) and effective SS/BPCH index, or QCL index (QCLx).
2.1.2	System information
System Information (SI) is divided into Minimum SI and Other SI. Minimum SI is periodically broadcast and comprises basic information required for initial access and information for acquiring any other SI broadcast periodically or provisioned on-demand, i.e. scheduling information. The Other SI encompasses everything not broadcast in the Minimum SI and is broadcast, either triggered by the network or upon request from the UE. 
The Minimum SI is transmitted over two different downlink channels using different messages (MasterInformationBlock and SystemInformationBlockType1). The term Remaining Minimum SI (RMSI) is also used to refer to SystemInformationBlockType1. Other SI is transmitted in SystemInformationBlockType2 and above.
The MasterInformationBlock (MIB) is always transmitted on the BCH (carried on PBCH) with a periodicity of 80 ms with repetitions made within the 80 ms period. The MIB includes parameters that are needed to acquire SystemInformationBlockType1 (SIB1) from the cell.
The SystemInformationBlockType1 (SIB1) is transmitted on the DL-SCH (carried on PDSCH). SIB1 includes information regarding the availability and scheduling (e.g. periodicity, SI-window size) of other SIBs. It also indicates whether they (i.e. other SIBs) are provided via periodic broadcast basis or only on-demand basis.  If other SIBs are provided on-demand, then SIB1 includes information for the UE to perform SI request.
Considering Observation 2 it is beneficial if SIB1 (RMSI) is transmitted in the same TX burst as the SS/PBCH block(s). Depending on the exact composition and choice of subcarrier spacing for the SS/PBCH block(s) the SIB1 can either be multiplexed in time or frequency. In our companion paper [3] we discuss the benefits of grouping at least SS/PBCH block(s) and SIB1 into a DRS.
2.1.3	Random access
[bookmark: _Hlk506545098]Support for RACH is relevant not only for the NR-U stand-alone scenario, but also for interworking (dual-connectivity) scenarios such as EN-DC.
In Rel-15 NR a mapping between transmitted SS/PBCH block(s) and a combination of ranges of preambles and random-access occasions (RO) is configured using ssb-perRACH-OccasionAndCBPreamblesPerSSB. This mapping is used for the UE to implicitly indicate to the gNB which SS/PBCH block that had the best reception conditions. 
[bookmark: _Hlk521334267]Considering Observation 1, fixed time relations between different signals/channels where LBT between the signals is required should not be assumed. If the mapping of effective SS/PBCH block index is done so that the UE indicates the best SS/PBCH block by transmitting Msg1 in a specific time domain RO it might happen that the UE cannot access the channel for that specific time occasion, thus it would have to delay Msg1 to the next matching time occasion. This would introduce unnecessary delays in the RACH procedure. Thus, it is beneficial if the mapping between transmitted SS/PBCH blocks and RO is done so that the best SS/PBCH block is not indicated by which time occasion the UE transmits Msg1 in, but rather by used frequency resource and/or preamble.
This can be achieved already in NR Rel-15 using appropriate configuration of ssb-perRACH-OccasionAndCBPreamblesPerSSB and msg1-FDM. For example, if 4 SS/PBCH blocks are transmitted, setting msg1-FDM equal to 4 and ssb-perRACH-Occasion to 1 or msg1-FDM equal to 2 and ssb-perRACH-Occasion to 2 will achieve time-independent mapping. Where the former would allow a maximum of 64 contention-based preambles and the latter 32. Note that this assumes that the UE uses the effective SS/PBCH block index (as defined in Section 2.2.1) in the selection of PRACH occasion for preamble transmission.
[bookmark: _Toc528677245][bookmark: _Ref528856309][bookmark: _Toc528934707]Rel-15 NR already supports configurations so that the mapping of transmitted SS/PBCH blocks to RACH occasions is robust to LBT failures.
To increase the robustness of the RACH procedure against LBT failures it is beneficial to allow both contention free and contention-based RACH procedures on SCells. Current Rel-15 NR only allows msg1 of the contention free RACH procedure to be transmitted on SCells, with the corresponding random-access response (RAR) transmitted on the PCell.
Two motivations for supporting CBRA on an SCell are as follows: (1) due to LBT failure, it may be more likely in unlicensed operation that the UE reaches the maximum number of PUCCH-SR failures, meaning a CBRA-SR would be triggered. In this case it is beneficial to allow the CBRA on SCells to enhance the number of RA opportunities. (2) Due to LBT failure, a CFRA triggered by a PDCCH order on an SCell may be blocked. It is beneficial if the UE is allowed to fallback to CBRA on the same or different SCell in such a case. 
[bookmark: _Toc528677259][bookmark: _Toc528934689]Support transmission of random access response (RAR) on the SCell where MSG1 was transmitted.
[bookmark: _Ref528676237][bookmark: _Toc528677260][bookmark: _Toc528934690]In addition to contention free RACH, support also contention-based RACH (CBRA) procedures on SCells.

According to the following agreement from RAN1#94b, several potential RACH enhancements beyond the functionality supported in Rel-15 have been identified for further study. We take the opportunity to comment on some of them here.
Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
· Frequency-domain enhancement
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Time-domain enhancements
· For connected mode UE, scheduling of PRACH resources via DCI. 
· Triggered PRACH within TXOP can use a new resource
· For idle mode UE, scheduling of PRACH resources via paging
· Note: potential inefficiency in network resource due to paging across multiple cells
· Additional, new RACH resources are used immediately following detection of DRS transmission
· Multiple PRACH transmissions before Msg2 reception in RAR window for initial access
· Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· FFS: How to handle potential multiple RARs to same UE
· Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
The first listed enhancement is to use multiple PRACH resources across multiple LBT sub-bands/carriers. It should be noted that on per-carrier level, this is already supported for initial access, as further discussed in [4], and with Proposal 8 this would be allowed also for connected mode. In contrast, multiple PRACH resources across LBT sub-bands within the same carrier should not be supported, since it assumes that single carrier wideband operation with sub-band LBT is supported. Based on the LS sent to RAN4 and RAN2 [5], this type of operation may have significant issues from both a RAN4 and RAN2 point of view. 
[bookmark: _Toc528677246][bookmark: _Toc528934708]Multiple PRACH resources across multiple carriers are already supported for initial access, and will with Proposal 8 also be supported for connected mode.
[bookmark: _Toc528677261][bookmark: _Toc528934691]Multiple PRACH resources across multiple LBT sub-bands should not be supported due to RAN4-related issues with sub-band LBT, and RAN2-related issues due to multiple active bandwidth parts.
A second listed enhancement is scheduling of PRACH resources via DCI. This is, however, a potential latency optimization, and our view is that it is not critical for Rel-16. It can instead be considered for a later release in a backwards-compatible manner.
[bookmark: _Toc528677247][bookmark: _Toc528934709]Scheduling of PRACH resources via DCI is an optimization and is not critical for the first release of NR-U. It can be considered for a later release in a backwards-compatible manner.
[bookmark: _Toc528677262][bookmark: _Toc528934692]Scheduling of PRACH resources via DCI should not be supported in Rel-16.
A third listed enhancement is multiple PRACH transmissions before Msg2 reception in RAR window for initial access. This feature was proposed already in Rel-15 standardization, but it was noted that it would create additional interference, and it was not included for CBRA in Rel-15. Note that the potential benefit of this feature would only be in scenarios where LBT failures and/or PRACH collisions are significant issues, but in such scenarios one should be extra careful not to create additional interference and hence should not use the feature.
[bookmark: _Toc528677248][bookmark: _Toc528934710]Multiple PRACH transmissions before Msg2 reception in RAR window creates additional interference and hence makes the LBT/collision problems it is intended to solve even worse.
[bookmark: _Toc528677263][bookmark: _Toc528934693]Multiple PRACH transmissions before Msg2 reception in RAR window should not be supported.
A fourth listed enhancement is group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain. The motivation is to provide multiple transmit opportunities in time domain for a PRACH transmission. However, multiple PRACH transmit opportunities can be obtained already in Rel-15 based on cyclic repetition of the SSB-to-RO mapping. See example and further discussion above in conjunction with Observation 4.
[bookmark: _Hlk528835493][bookmark: _Toc528934711]Mappings similar to group-wise SSB-to-RO mapping seem already to be supported in NR Rel-15.   
2.2	RRM and RLM
2.2.1	Measurement reporting
Compared to Rel-15 NR when operating in unlicensed spectrum several additional measurement quantities can be useful. In Rel-13 LAA both RSSI and channel occupancy reporting were introduced. For NR-U, RAN2 made the following agreement in RAN2#AH1807:
[bookmark: _Hlk528846666]Channel occupancy and RSSI measurement reporting should be adopted for NR-U if also confirmed by RAN1.

Reporting of RSSI was agreed to be beneficial in RAN1#94. Because reporting of both RSSI and channel occupancy were found useful for Rel-13 LAA, we see no need to preclude them from NR-U. Thus, we make the following proposal:
[bookmark: _Toc528924725][bookmark: _Toc528934694]Channel occupancy and RSSI measurement reporting should be adopted for NR-U.
In addition to RSSI and channel occupancy reporting we consider it beneficial to define a cell specific metric of medium congestion. Such a metric can be useful for HO and/or cell (re)selection decisions where two neighbor cells have similar radio link quality measurements (RSRP/RSRQ/SINR), but one of them experiences severe difficulties in accessing the medium. One example if such a metric could be the ratio of failed DRS transmissions (i.e., LBT not successful during within the DRS transmission window) or the average DRS shift in the DRS transmission window as measured by the UE.
[bookmark: _Toc528924726][bookmark: _Hlk528934442][bookmark: _Toc528934695]It is beneficial to introduce a cell specific medium congestion metric such as for example DRS transmission failure ratio or average DRS shift in the DRS transmission window.
2.2.2	DMTC for RRM and RLM
In RAN1#95 it was agreed that it is beneficial to configure DMTC(s) (DRS Measurement Timing Configuration) in which UEs can perform measurements. Further it was agreed beneficial that both DRS-based RRM and RLM measurements are performed inside of the DMTC(s). Any similarities with Rel-15 SMTC is FFS and it is also FFS if the DMTCs for RRM and RLM are the same. 
Our understanding is that the DMTC(s) are conceptually different from the DRS transmission window. In our view, the DRS transmission window is a concept that exists at the gNB and describes the set of possible candidate DRS positions. The DMTC(s) on the other hand is a configuration given to the UE where it should search for and/or measure on the transmitted DRS. Naturally they are tightly connected, but nevertheless not the same.
For DRS-based RLM measurements, the DMTC window will need to cater for LBT failures when attempting transmissions of the DRS from the serving gNB. Thus, the optimal length of the window will depend on the LBT success rate of the serving gNB.
For DRS-based RRM measurements of neighbor cells, the DMTC window will need to cover for both LBT failures at the neighbor gNBs when attempting DRS transmission and any timing difference between the neighbor cells. Note that RRM measurements of the serving cell can be done in the same DMTC window as RLM measurements.
[bookmark: _Toc528677249][bookmark: _Ref528845032][bookmark: _Toc528934712]The DMTC window for RLM measurements (and serving cell RRM) need to cater for LBT failures at the serving gNB, whereas the DMTC window for RRM measurements (for neighbor cells) needs to cater to both LBT failures in neighboring gNBs and timing differences between neighbor and serving gNBs.
Given Observation 9 and the fact a DMTC window should be as short as possible to minimize UE power consumption, we make the following proposal:
[bookmark: _Toc528677264][bookmark: _Toc528934696]The DMTC for neighbor cell RRM measurements and the DMTC window for RLM and serving cell RRM measurements should be different to allow optimal configurations from both an LBT and UE power consumption point of view.
Next turning to the similarities with the Rel-15 NR SMTC window (or SSB-MTC as it is called in 38.331) which is defined as
SSB-MTC ::=                             SEQUENCE {
    periodicityAndOffset                    CHOICE {
        sf5                                 INTEGER (0..4),
        sf10                                    INTEGER (0..9),
        sf20                                    INTEGER (0..19),
        sf40                                    INTEGER (0..39),
        sf80                                    INTEGER (0..79),
        sf160                               INTEGER (0..159)
    },
    duration                                ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
}

The periodicity and offset are already very configurable with periodicities ranging from 5 ms to 160 ms. Thus, we see no need to enhance that configurability. However, the duration field only ranges from 1 ms to 5 ms. For reference, in Rel-13 LAA, the DMTC window used for RRM measurements of SCells is fixed to 6 ms. For NR-U we expect the UE to be even more dependent on robust DRS transmissions to e.g. keep time/frequency synch and perform measurements for RLM and PCell/PSCell mobility. For cases where the UE requires measurement gaps one needs to keep in mind that the current Rel-15 NR maximum gap length is 6 ms. But regardless of that there are other cases such as intra-frequency measurements (both in CONNECTED- and IDLE/INACTIVE mode) and inter-frequency measurements in IDLE/INACTIVE mode where an extension could be useful, to increase robustness against DRS transmission failures. Thus, we make the following proposal
[bookmark: _Toc528677265][bookmark: _Toc528934697]The SMTC window can serve as a baseline for the DMTC windows but extending the duration beyond 5 ms is beneficial. The exact value range can be left to the WI phase.
In RAN1#94b it was for further study if “explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred”. In case DRS/CSI-RS was transmitted, the indication would just add unnecessary overhead and interference which should be avoided. In case the DRS/CSI-RS could not be transmitted, this is a sign of congestion and then the transmission of the indication could make the situation even worse. Thus, we don’t consider it beneficial to support such a mechanism.
[bookmark: _Toc528934698]Transmission of an explicit indication to indicate whether or not DRS and/or CSI-RS transmissions occurred is not supported.
2.2.3	RLM/RLF
An RRC_CONNECTED UE in NR is provided with up to X configurable and frequency-dependent reference signals that can be used for radio link monitoring (RLM). Both SS/PBCH block and CSI-RS can be used as RLM reference signals. Hypothetical block error rate (BLER) is used to determine in-sync (IS) or out-of-sync (OOS) conditions for both reference signal types. A UE assumes to be IS, if the hypothetical BLER estimated on at least one out of the X configured RLM reference signals is below a configurable threshold. On the other hand, the UE assumes to be OOS, if the hypothetical BLER estimated on all configured RLM reference signals is above yet another configurable threshold.
Upon reception of enough OOS indications, the UE starts a timer, denoted by T310. If the radio link problem is not resolved upon T310 expiry, the UE declares radio link failure (RLF). Moreover, a failure in random access and/or RLC failure can also result in RLF. After the UE declares an RLF, it attempts an RRC Connection Re-establishment by trying to find a suitable cell. If that process is not successful within a certain time, the UE will enter RRC_IDLE state.
[bookmark: _Toc509834929]Since hypothetical BLER estimation is performed on each RLM resource to indicate in-synch (IS) or out-of-sync (OOS), we need to consider how this should be reflected when an RLM reference signal is not transmitted due to LBT. In other words, an absence of RLM resources should not necessarily create OOS indication, as the UE might be in the coverage of that RLM reference signal. However, only following such principles (i.e. excluding RLM reference signals not transmitted by the gNB) can result in unacceptable delays in declaring RLF as the UE will not indicate OOS if it cannot detect any of its configured RLM resources. 
[bookmark: _Toc509834930]Therefore, it seems important that the procedures to indicate in-sync/out-of-sync are properly revisited, so that not only the BLER estimated on each of the different reference signal samples is considered, but also the possible lack of reference signals.
[bookmark: _Toc528677266][bookmark: _Toc528934699]Define one mechanism (together with RAN2) for the UE to declare RLF if no RLM reference signals have been successfully detected for a period of time.
[bookmark: _Toc528677267][bookmark: _Toc528934700]The hypothetical BLER estimation for in-synch and out-of-synch should only be based on RLM reference signals that are detected by the UE. That is, samples collected at RLM resources where the gNB did not transmit due to LBT failure, should not be included.
The intention of the RLM/RLF procedures is to prevent the UE from becoming unreachable by the network. In addition to DL radio link quality and inability of the gNB to transmit due to frequent DL LBT failures as discussed above, LBT failures at the UE for UL transmissions could also render the UE unreachable by the network. Thus, we consider it beneficial to introduce a mechanism that allows the UE to declare RLF due to persistent UL LBT failures. Which type of UL transmissions (e.g. RACH and PUCCH) to include in such a mechanism can be decided in the work item phase.
[bookmark: _Toc528934701]Define a single mechanism (together with RAN2) for the UE to declare RLF if it experiences persistent UL LBT failures.
2.3 Paging
For UEs in IDLE/INACTIVE mode monitoring paging, it is beneficial from a power consumption point of view if the paging message is transmitted close in time to the DRS. Thus, for full scheduling flexibility and given sufficient time/frequency resources are available it is beneficial if NR-U (in addition to the Rel-15 NR paging mechanisms) supports multiplexing of DRS and paging. Note that Rel-15 NR already supports multiplexing of paging and SIB1. Allowing multiplexing of paging and the DRS is also in line with Observation 2. We thus make the following proposal: 
[bookmark: _Toc525927965][bookmark: _Toc528677268][bookmark: _Toc528934702]Support (in addition to the Rel-15 NR paging mechanisms) multiplexing of NR-DRS and paging for cases where sufficient time/frequency resources are available. 
One simple ways to reduce paging latencies due to LBT failure is to use a shorter DRX cycle. This will however impact the UE power consumption negatively because every wakeup time is associated with some fixed overhead. A better solution is instead to introduce more paging opportunities in the time domain within the wakeup duration each DRX cycle. This can be done by modifying the definition of the paging occasion as compared to Rel-15 NR, to allow the gNB multiple attempts to transmit paging within the paging frame.
[bookmark: _Toc528677269][bookmark: _Toc528934703]It is beneficial to introduce more back-to-back paging opportunities in the time domain within the wakeup duration each DRX cycle to reduce paging latency due to LBT failure.
A gNB can utilize the paging transmission opportunities in the window in different ways to compensate for LBT failures. One aspect which is affected by this choice is the UE’s ability to predict when the paging will be transmitted in a certain beam direction. This is essential for a UE which wishes to monitor only a single beam direction, based on previously acquired knowledge of the best beam (e.g. acquired from SSB/DRS reception). This is also connected to another affected aspect, which is the UE’s required potential monitoring time as well as its possibilities for micro-sleep periods within the window. Hence, predictable mapping between transmission opportunity and beam direction is a desirable feature, but this will also reduce the scheduling flexibility, which means that the transmission opportunities in the window may not be optimally utilized, as some transmission opportunities may be skipped, which could have been used if the beam predictability was sacrificed. These conflicting interests provides room for different methods to be studied and potentially used in parallel. Different options and their pros and cons are discussed in our RAN2 paper [6].

Conclusion
In the previous sections we made the following observations: 
Observation 1	When signals and channels are subject to LBT, their relative positions and/or presence cannot be guaranteed.
Observation 2	For efficient operation in unlicensed spectrum, always-on-transmissions should be kept at a minimum and be concentrated in time as much as possible.
[bookmark: _GoBack]Observation 3	Using a subset of the 64 SS/PBCH block indices and the half-frame indicator, the UE can determine the frame timing for an arbitrary time shifted SS/PBCH block position, with a shift granularity of half a slot.
Observation 4	Rel-15 NR already supports configurations so that the mapping of transmitted SS/PBCH blocks to RACH occasions is robust to LBT failures.
Observation 5	Multiple PRACH resources across multiple carriers are already supported for initial access, and will with Proposal 8 also be supported for connected mode.
Observation 6	Scheduling of PRACH resources via DCI is an optimization and is not critical for the first release of NR-U. It can be considered for a later release in a backwards-compatible manner.
Observation 7	Multiple PRACH transmissions before Msg2 reception in RAR window creates additional interference and hence makes the LBT/collision problems it is intended to solve even worse.
Observation 8	Mappings similar to group-wise SSB-to-RO mapping seem already to be supported in NR Rel-15.
Observation 9	The DMTC window for RLM measurements (and serving cell RRM) need to cater for LBT failures at the serving gNB, whereas the DMTC window for RRM measurements (for neighbor cells) needs to cater to both LBT failures in neighboring gNBs and timing differences between neighbor and serving gNBs.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Design the method for the UE to determine the frame timing from a detected SS/PBCH block to support arbitrary time shifts, i.e. the signaling does not restrict the DRS transmission window length. The maximum length of the DRS transmission window can then be concluded in the work item phase together with the maximum length of the DMTC(s).
Proposal 2	The duration of the transmitted DRS within the DRS transmission window, including SS/PBCH blocks and other multiplex signals/channels is limited to 1 ms.
Proposal 3	The maximum number of transmitted SS/PBCH blocks [X] within the DRS should depend on the chosen sub-carrier spacing. E.g. for 30 kHz sub-carrier spacing, X=4 gives a DRS duration limited to 1 ms.
Proposal 4	The UE determines frame timing from detected SS/PBCH blocks using the SS/PBCH block index (extended to Y = [64] for NR-U) and half-frame indicator as in Rel-15 NR. The value of Y, will depend on the supported SS/PBCH block sub-carrier spacing. E.g. for 30 kHz sub-carrier spacing Y=20, would (together with the half-frame indicator) allow an arbitrary time shift with half-slot granularity.
Proposal 5	The UE determines the relation between transmitted SS/PBCH block index and QCL assumptions using an effective SS/PBCH block index given by the detected SS/PBCH index modulo N.
Proposal 6	Basic repetition can be achieved using N=1 in the method where the UE determines the relation between transmitted SS/PBCH block index and QCL assumptions using an effective SS/PBCH block index given by the detected SS/PBCH index modulo N.
Proposal 7	Support transmission of random access response (RAR) on the SCell where MSG1 was transmitted.
Proposal 8	In addition to contention free RACH, support also contention-based RACH (CBRA) procedures on SCells.
Proposal 9	Multiple PRACH resources across multiple LBT sub-bands should not be supported due to RAN4-related issues with sub-band LBT, and RAN2-related issues due to multiple active bandwidth parts.
Proposal 10	Scheduling of PRACH resources via DCI should not be supported in Rel-16.
Proposal 11	Multiple PRACH transmissions before Msg2 reception in RAR window should not be supported.
Proposal 12	Channel occupancy and RSSI measurement reporting should be adopted for NR-U.
Proposal 13	It is beneficial to introduce a cell specific medium congestion metric such as for example DRS transmission failure ratio or average DRS shift in the DRS transmission window.
Proposal 14	The DMTC for neighbor cell RRM measurements and the DMTC window for RLM and serving cell RRM measurements should be different to allow optimal configurations from both an LBT and UE power consumption point of view.
Proposal 15	The SMTC window can serve as a baseline for the DMTC windows but extending the duration beyond 5 ms is beneficial. The exact value range can be left to the WI phase.
Proposal 16	Transmission of an explicit indication to indicate whether or not DRS and/or CSI-RS transmissions occurred is not supported.
Proposal 17	Define one mechanism (together with RAN2) for the UE to declare RLF if no RLM reference signals have been successfully detected for a period of time.
Proposal 18	The hypothetical BLER estimation for in-synch and out-of-synch should only be based on RLM reference signals that are detected by the UE. That is, samples collected at RLM resources where the gNB did not transmit due to LBT failure, should not be included.
Proposal 19	Define a single mechanism (together with RAN2) for the UE to declare RLF if it experiences persistent UL LBT failures.
Proposal 20	Support (in addition to the Rel-15 NR paging mechanisms) multiplexing of NR-DRS and paging for cases where sufficient time/frequency resources are available.
Proposal 21	It is beneficial to introduce more back-to-back paging opportunities in the time domain within the wakeup duration each DRX cycle to reduce paging latency due to LBT failure.
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