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1	Introduction

In RAN1#93, the following agreements for NR-U were made [1]:
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 [2]
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: 
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented

Agreement:
· 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


Agreement:
It is beneficial to support reporting of RSSI
· FFS: The time and frequency resources on which RSSI is measured

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: _Toc525928874]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: _Toc525928875]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).
[bookmark: _Ref513202248]2.1	RRM
In NR, radio resource management (RRM) follows similar principles as in LTE. That is, an RRC_CONNECTED UE is configured with three types of RRM measurements:
· Intra-frequency measurements;	
· Inter-frequency measurements, and
· Inter-RAT measurements
For each measurement type, one or several measurement objects can be defined that specify how the RRM measurements should be performed. For each measurement object, on the other hand, one or more reporting configurations can be specified. Reporting configuration defines the reporting criteria that can be either periodic or event triggered. So far, in NR, the A1 – A6 events as in LTE have been defined. Finally, an association between a measurement object and a reporting configuration is created via measurement identity. This way it is possible to link several reporting configurations to one measurement object or conversely one reporting configuration to several measurement objects. Moreover, the UE can be configured with quantity configuration that specifies how the UE should perform layer-3 filtering on the measurements, and also with measurement gaps to allow the UE to perform the required measurements.
While the RRM measurements described above is very similar to LTE, there are several important differences, stemming mainly due to the extensive use of beamforming in NR. More precisely, in NR reference signals used for RRM measurements can be transmitted in narrow beams. Moreover, a single cell can be covered with several narrow beams as opposed to the LTE where a cell is covered with a wide (sector-type) beam. This means that the cell quality (which is determined at RRC layer) can be derived based on the several beams (whose quality is determined at physical layer). In fact, cell quality is derived with linear average of the best beams with up to (N-1) beams above an absolute threshold, sorted in terms of their signal strength. Both N and the absolute threshold are configurable in NR. Additionally, there are the following differences in RRM measurements between NR and LTE:
· In NR, the only allowed inter-RAT measurements is LTE measurements.
· The measurements can be based on two types of reference signals: (i) synchronization signal (SS) blocks and (ii) CSI-RS.
· The reporting criteria can be based on either RSRP, RSRQ and SINR, and depending on this, the UE can include up to X (configurable) beams in its measurement reports.
[bookmark: _Hlk505691591]Reference signals are at the core of RRM measurements and reporting. However, as mentioned above transmissions are subject to LBT in NR-U. This will affect the RRM procedures in NR-U, as there will be uncertainties on the presence of reference signals. 
In NR RRM measurements based on SS/PBCH blocks are performed in a SMTC window with a maximum duration of 5 ms. This concept is very similar to the Rel-13 LAA DMTC window, which has a fixed length of 6 ms. To mitigate the effects of LBT failure, like in LAA, it is beneficial to allow reference signals used for RRM measurements can be shifted in time. That is if a reference signal cannot be transmitted at one candidate position due to that LBT was not successful, the gNB can make a new attempt at the next candidate position. Thus, we make the following proposal:
[bookmark: _Ref513202663][bookmark: _Toc525928879]For reference signals used for RRM measurements in NR-U, allow multiple candidate positions in a time window to mitigate LBT failures.
The 5 ms maximum length of the NR SMTC window was chosen without considering effects of LBT. When taking effects of LBT into account it could be beneficial to extend the maximum length of the SMTC window.
[bookmark: _Toc525928880]The NR SMTC window can be the baseline also for NR-U, and the benefits of extending the maximum SMTC window length can be studied.

2.2	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
2.2.1	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 [4], 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 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: _Ref525916622][bookmark: _Toc525928876]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.
In NR the UE may assume that SS/PBCH blocks transmitted with the same 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 index 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 will change depending on the shift. This can allow the UE to determine the frame timing, but it will also affect other procedures. For example, as mentioned in the RRM section, 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 are shifting 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. 
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 index 4 and 5 are new SS/PBCH blocks and index 0,1 could not be detected anymore. However, from the gNB’s perspective it is transmitting the same SS/PBCH blocks but shifted in time.
Thus, the UE needs to know that even if the indices for two SS/PBCH blocks are not the same, the 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.
In Figure 1, several examples are shown for different values of N assuming a DRS with 4 SS/PBCH blocks. Note that basic repetition can be achieved 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 QCL index (QCLx).
 
2.2.2	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.
As mentioned above, NR has introduced the concept of on-demand system information (SI), wherein SI messages (containing SIB(s) of the “other SI”) may be available on request from UEs instead of being constantly periodically broadcast in each cell. This concept fits very well with the coexistence requirements NR-U needs to take into account.
[bookmark: _Toc525928877]The concept of on-demand system information, which is introduced in NR, is very well suited for NR-U to minimize the “always-on” signals and facilitate coexistence with other systems operating in the unlicensed spectrum in the same area.
2.2.3	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 introduces 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.
According to our understanding this can be achieved already using proper configuration of ssb-perRACH-OccasionAndCBPreamblesPerSSB and msg1-FDM. For example, if 4 SS/PBCH blocks are transmitted, setting the aforementioned parameters to 4 and 1 or to 2 and 2, respectively will achieve time-independent mapping. The first of these two examples 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: _Toc525928878]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. This is currently under study in RAN2 and thus we propose that RAN1 takes any decision in RAN2 into account.
[bookmark: _Toc525928881]Take any decision in RAN2 on RACH enhancements into account in RAN1.
 
2.4	RLM
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 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.
As in LTE, 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 if in NR-U 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: _Toc525928882]Define a mechanism for the UE to declare RLF if no RLM reference signals have been successfully detected for a period of time.
[bookmark: _Toc525928883]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.

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.
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.
Observation 4	The concept of on-demand system information, which is introduced in NR, is very well suited for NR-U to minimize the “always-on” signals and facilitate coexistence with other systems operating in the unlicensed spectrum in the same area.
Observation 5	Rel-15 NR already supports configurations so that the mapping of transmitted SS/PBCH blocks to RACH occasions is robust to LBT failures.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For reference signals used for RRM measurements in NR-U, allow multiple candidate positions in a time window to mitigate LBT failures.
Proposal 2	The NR SMTC window can be the baseline also for NR-U, and the benefits of extending the maximum SMTC window length can be studied.
Proposal 3	Take any decision in RAN2 on RACH enhancements into account in RAN1.
Proposal 4	Define a mechanism for the UE to declare RLF if no RLM reference signals have been successfully detected for a period of time.
Proposal 5	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.
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