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1 Introduction
In the last RAN1 meeting [1], the following agreements regarding the initial access and mobility procedure 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: 
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

















This contribution discusses the details of the agreed study points and other aspects related to the initial access and mobility procedure for NR-U:
· Enhancement to Transmission of SS/PBCH Blocks
· Transmission of RMSI/OSI/Paging not Contained in DSCH 
· Enhancement to RACH 
· Enhancement to RRM Measurement
· Enhancement to RLM Procedure
2 Enhancement to Transmission of SS/PBCH Blocks 
In NR, the transmission of a SS/PBCH burst set is confined within a half frame and starts from the slot of the half frame. For example, as illustrated in Figure 1, for SCS of SS/PBCH block as 30 kHz, the transmission of SS/PBCH burst set consisting from maximum 8 SS/PBCH blocks can be confined with the first 2 ms of the half frame (e.g. 1 slot with 0.5 ms duration can contain 2 SS/PBCH blocks). A UE can determine the timing information from the reception of a SS/PBCH block by getting the SS/PBCH block index from the DMRS of PBCH (and potentially from PBCH content as well for above 6 GHz), and getting the SFN and half frame indicator from the PBCH content (half frame indicator can be also from the DMRS of PBCH as well for below 3 GHz). SS/PBCH blocks with the same SS/PBCH block index in different burst sets are assumed to be QCLed, the UE can assume to perform combining of the corresponding signals and channels in the QCLed SS/PBCH blocks to improve performance on synchronization, cell detection, and system information delivery.   


[bookmark: _Ref521073262]Figure 1 Illustration of SSB transmission in a NR licensed spectrum.
In NR-U, the transmission of SS/PBCH blocks can be subject to the sensing result of Listen-Before-Talk (LBT), such that the UE cannot always expect to receive the SS/PBCH blocks periodically, which challenges the receiver implementation on combining, even the QCL assumption still holds. Moreover, due to the uncertainty of channel access from LBT, UE may not be able to receive any SS/PBCH block for a long time duration and the delay of initial cell search may be remarkably enlarged, hence, enhancement of the channel access of SS/PBCH block needs to be studied in NR-U, to address the loss in channel access opportunities subject to failed LBT.
Rel-13 LTE-LAA can be a starting point for studying the channel access scheme of SS/PBCH blocks in NR-U, by assuming the same NR SS/PBCH burst set mapping pattern (e.g. Figure 1) to address potential multi-beam operation as a baseline. Hence, a SS/PBCH block transmission timing configuration (short for STTC) method, similar to DMTC for Rel-13 LTE-LAA, can be considered to be beneficial for NR-U, wherein the configuration contains a window periodicity, a window duration, and a window offset.  
For a frequency layer, at least one STTC shall be supported and considered as a default configuration from a UE’s perspective for initial access purpose, and further study can be investigated on the need of other configurable STTC to address the flexibility from a network’s perspective. 
STTC is mainly for rate matching purpose, and a UE can utilize configurations in STTC, combined with the indication of actual transmitted SS/PBCH blocks to perform rate matching for serving cell. In this sense, STTC can be separately specified and configured from SMTC, wherein the later one is mainly for measurement purpose.   
The transmission of the SS/PBCH burst set is assumed to be confined within the window configured by the STTC, and there can be multiple predefined starting locations for the transmission in order to compensate the loss on channel access opportunities due to LBT. When the interval between two neighboring predefined starting locations is smaller than the transmission duration of SS/PBCH burst set, there can be a potential issue with the truncated SS/PBCH burst set. In this case, we observe that it is beneficial to periodically wrap around the truncated SS/PBCH blocks to the end of the actually transmitted SS/PBCH blocks.  
Figure 2 illustrates an example of the periodically wrap-around transmission of SS/PBCH blocks for sub-7 GHz unlicensed, wherein in the example, if considering the SCS of SS/PBCH blocks as 30 kHz, the maximum number of SS/PBCH blocks within a burst set as 8, the transmission duration of all the 8 SS/PBCH blocks within a burst set is 2 ms. If considering a STTC window duration as 5 ms, and predefining 7 possible starting locations for the transmission of SS/PBCH burst set within the STTC window (e.g. beginning of every slot that can guarantee the transmission of whole burst set is confined within the STTC window), the starting of actual transmission can be one from the 7 predefined locations subject to LBT. For instance, as illustrated in the figure, if the transmission starts from the second predefined location within the STTC window (i.e., 0.5 ms from the start of window), two SS/PBCH blocks with indexes {0, 1} are truncated and wrapped around to the end of the transmission of the other six SS/PBCH blocks with indexes {2, 3, 4, 5, 6, 7}.


[bookmark: _Ref521076193]Figure 2 Illustration of STTC window and cyclically wrap-around transmission of SS/PBCH blocks.
Due to LBT, there can be a potential timing offset between the start of STTC window and the start of transmission of SS/PBCH blocks, and this timing offset should be indicated to the UE for determining the timing info within the STTC window in initial access. We observe that comparing to an increasing order of the SS/PBCH block indexes, the wrap-around order of the SS/PBCH block indexes can save bits in the indication. Still taking Figure 2 for an example, by using an increasing order of the SS/PBCH block indexes, the number of bits for indicating the timing offset is 3 (e.g. indicating all possible starting locations); while by using a wrap-around order of the SS/PBCH block indexes, the number of bits for indicating the timing offset is 1 (e.g. indicating 0, or 2 ms).    
The indication method of the timing offset can be further studied for NR-U. Ideally, the acquiring of timing offset should be before the decoding of PBCH, in order to avoid reading PBCH content in determining the timing of a neighboring cell in the handover. However, the capability of the received signals, before the decoding of PBCH, on carrying the timing offset should be further identified and evaluated.
Based on the above observations and discussions, we have the following proposals for the transmission of SS/PBCH blocks for NR-U. 
Proposal 1: It is identified beneficial to support STTC-based transmission in order to compensate the limitations on channel access due to LBT.
· Further study the details of the configuration for STTC, e.g. periodicity, duration, and offset.
Proposal 2: It is identified beneficial to support cyclically wrap SS/PBCH blocks dropped due to LBT failure in order to reduce the signalling overhead on the timing offset due to LBT.
· Further study the details of the indication method of the timing offset due to LBT.
3 Transmission of RMSI/OSI/Paging not Contained in DSCH
In NR-U, due to the limitation on the channel access based on LBT, the transmission of RMSI may not always take place in the configured resourced in time domain. In order to reduce the delay of acquiring the system information carried by RMSI, we observe it is beneficial to confine the transmission of RMSI and the associated SS/PBCH block in the same slot, such that a single LBT can be performed to enable both transmissions. In this way, the transmission of RMSI should follow the same way as the associated SS/PBCH block in the DSCH block. For similar purpose, broadcast OSI and paging can also be multiplexed with SS/PBCH block and use the same transmission scheme. 
Other than the RMSI/OSI/Paging contained in DSCH, there can be other transmission of RMSI/OSI/Paging not contained in DSCH. For those RMSI/OSI/Paging, UE still may not always be able to decode the PDCCH in the configured time-domain resources, due to the uncertainty of channel access at the gNB, hence, it is beneficial to introduce similar transmission scheme of DSCH for RMSI/OSI/Paging as well. For example, a separate transmission timing configuration shall be defined for each of RMSI/OSI/Paging not contained in the DSCH to composite the potential limitation on channel access due to LBT. 
Proposal 3: It is identified beneficial to support a separate transmission timing configuration for RMSI/OSI/Paging not contained in the DSCH to composite the potential limitation on channel access due to LBT.
4 Enhancement to RACH
1 
2 
3 
4 
5 
NR-U supports the architectural scenarios including standalone NR-U, and carrier aggregation/dual-connectivity between NR-U and licensed NR/LTE carrier. Therefore, in addition to supporting the contention-free random access (RA), NR-U also needs to support the 4-step contention-based random access, wherein UE first transmits a physical random access channel (PRACH) preamble (Msg1) to gNB through PRACH; gNB replies with the random access response (RAR) in Msg2; then UE transmits a Msg3 in the uplink and gNB transmits the Msg4 in the downlink. 
NR-U needs to satisfy unlicensed spectrum regulations such as the LBT, occupied channel bandwidth (OCB) regulation, and power spectral density (PSD) regulation. Due to the LBT requirement, a 4-step random access procedure needs to succeed in at least four LBTs before each message can be transmitted, and the failure of any LBT can lead to a significantly increased random access delay and resource overhead. Therefore, NR-U random access needs enhancements from the baseline procedure to decrease the expected random access delay caused by potential LBT failures. Specifically, the enhancement to decrease the expected random access delay of NR-U, detailed in this session, can include increasing the transmit opportunities for each message (e.g. increase the number of RACH attempts), improving the transmit accuracy of each message after a successful LBT (e.g. increase the number of message transmissions for each RACH attempt), and simplifying the overall random access procedure such that fewer LBTs are required. Other aspects for the enhancement to PRACH design in NR are also discussed in this session.    
Enhancement to increase transmit opportunities for Msg1 in 4-step RACH
Due to the LBT requirement for transmitting PRACH, the failure of PRACH LBT can cause significant delay to the overall RA procedure. As a result, enhancements to increase the transmission opportunities of Msg1 in 4-step RACH can be used to decrease the PRACH transmission delay. 
As a first enhancement, NR-U can try to inherit the SSB-RO association design in the NR Rel-15, and add an associated LBT before each RO to enhance the transmit opportunities for Msg1. For example, NR Rel-15 supports configuring one or more than one SSB for each RO, and it may end up with multiple ROs, associated with the same SSB, not consecutive to each other in time domain. Then, if the LBT for an earlier RO fails, Msg1 still has opportunities to be transmitted in later configured ROs within the association period, subject to the LBT results of the later ROs. An example of this enhancement is illustrated in Figure 3. 


Figure 3 Illustration of the first enhancement method.
As another enhancement, NR-U can configure multiple consecutive ROs associated with the same SSB, and an associated LBT can be performed before each RO (there can be gap symbol(s) between neighbouring ROs among the consecutive ROs to account for LBT overhead). As a result, a UE can be configured with multiple consecutive time-domain ROs for RACH attempt, which can also increase the transmit opportunities for Msg1. Equivalently, this example can be considered as configuring an associated RO window to each SSB, wherein multiple consecutive time-domain ROs can be configured within the window. In order to support configuring multiple time-domain ROs to be associated with SSBs in a consecutive manner, the SSB-RO mapping can be enhanced from NR Rel-15, e.g, time-domain first mapping; especially when the enhancement can be combined with FDMed multiple ROs. Figure 4 gives such an example where each SSB is configured with 4 consecutive ROs in the time domain (with LBTs associated to each RACH occasion), and two sets of FDMed ROs in the frequency domain. Note the PRACH LBT shall be performed over the initial active UL BWP, so the LBTs associated with FDM’ed ROs in Figure 4 may actually overlap in frequency domain.


Figure 4 Illustration of the second enhancement method.
Proposal 4: It is identified beneficial to associate a LBT opportunity for each of the RACH occasions in order to alleviate the extra access delay due to LBT failure.
Valid RO determination
In a NR TDD band, the system information includes the semi-static UL/DL configuration to provide the duration of the DL part, UL part as well as flexible part. Meantime, due to complex situation of possible semi-static UL/DL configuration (variable period, variable durations of DL/UL), the validation rule is finally promoted to apply to the PRACH configuration indicated via the PRACH configuration index of a table. In short, the RO indicated by the PRACH configuration index will be invalid if it is collided with DL part or a part before the end of the last SSB in the flexible part. Such rule in addition to the gap definition after the last symbol of DL part/SSB helps the UE to determine the actual valid RO within the PRACH configuration period. Note that each PRACH configuration period may have different valid ROs, thus it produces the different consistence of the SSB-RO association period, i.e., different number of PRACH configuration period in one SSB-RO association period. For example, it could be 4 PRACH configuration periods at one time but becomes 2 PRACH configuration periods after. Furthermore, to ease the burden at the UE side, instead of the always (re)-calculating the association period, NR Rel-15 defines the association pattern period which consists of one or multiple SSB-RO association period(s), in which the mapping pattern between the association pattern periods will be purely repeated. 
For NR-U, the uncertainty of the LBT outcome will add the variance to the (actually transmitted) SSB positions, as well as other DL signal transmission, making the situation of channel utilization more complicated. Method of effective determination of valid RO should be further studied, using PRACH configuration design from NR Rel-15 as a baseline. 
Proposal 5: Validation rule of RO shall be studied for NR-U.
Power ramping behavior
In last meeting, RAN1 has agreed that the preamble power ramping is not performed and that the preamble transmission counter is not incremented if preamble transmissions are dropped due to LBT failure. However, one thing is not very clear is that such rule shall apply to LBT failures of all the ROs regardless the timing period, such as PRACH configuration period, or it shall apply to the LBT failures of these the ROs in a given time period. Different consequences could be obtained according to above two different understandings.
In LTE/NR licensed system, power ramping is a useful tool to give a certain level of priority to a UE who spends more time (experiences longer delay) in random access compared with another UE who spends less time (experiences shorter delay). In TS38.321,
PREAMBLE_RECEIVED_TARGET_POWER = preambleReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) × PREAMBLE_POWER_RAMPING_STEP.
In general, UE who fails more, the PREAMBLE_POWER_RAMPING_COUNTER will be larger (incremented more times), thus it will have larger power comparing to these who fails less. For example, in Figure 5, two UEs are trying random access in the cell, UE 1 already tries 4 times, but UE 2 first try of PRACH, so the power ramping operation will give UE 1 more priority compared to UE 2 when these two UEs hold contention to each other, i.e., UE 1 will transmit with P+3*P_step (i.e., the power ramping step) while UE 2 will transmit with P, which will give UE 1 a higher possibility to win the contention and access to system. In LTE/NR, the main reason to keep UE trying in random access procedure is due to previous random access failure, thus power ramping will happen after the failure of previous RACH transmission. For NR-U, LBT is another reason to keep UE still trying random access. The extra delay caused by the LBT failures should also be considered in power ramping behavior.
[image: ]
Figure 5 Illustration of the power difference created by power ramping operation in LTE/NR.
Based on the different interpretation of the previous agreements, following two options could be derived:
Option 1: the power ramping unchanged rule applies to all ROs regardless of RACH configuration period;
Option 2: the power ramping unchanged rule applies to the ROs in the same given RACH configuration period;
[image: ]
Figure 6 Illustration of the different interpretation of the power ramping agreement.
As shown in Figure 6, the consequences of these two different understandings are illustrated. By option 1, the UE 1 who experienced longer delay will have no priority comparing to a newly joined random access UE 2, i.e., UE 1 is transmitting the same power as the UE 2; while option 2 could still provide ability to create power difference among the random access UEs who experienced different delay like in the LTE/NR system. Note that in NR, the PRACH configuration period could be 10, 20, 40, 80, 160ms, the larger the PRACH configuration period, the longer delay UE may experience by the LBT failures. From this perspective, the understanding of option 2 could better represent the purpose of power ramping. So it’s recommended to consider the power ramping unchanged rule applies to the ROs in the same given RACH configuration period only, while the LBT failures of ROs in different PRACH configurations could be considered as a new RACH attempt, thus the increment of power ramping counter can be considered. 
Proposal 6: If preamble transmissions are dropped due to LBT failure of ROs in the same PRACH configuration period, then it is recommended that preamble power ramping is not performed; If preamble transmissions are dropped due to LBT failure of ROs across different PRACH configuration periods, then the increment of power ramping counter can be considered.
5 Enhancement to RRM Measurement 
6 
7 
In Rel-13 LTE-LAA, RSSI measurement is to identify low interference carriers in unlicensed band. Specifically, RSSI measurement serves two purposes including the indication of the average channel load/usage and the detection of hidden nodes. Therefore, channel occupancy, which is the percentage of time that RSSI was above a threshold, is always reported together with the RSSI to reflect the congestion status of a given CC is reported. With the same motivation, NR-U shall study supporting similar RSSI + channel occupancy reporting scheme as in LTE-LAA. 
In NR phase-1, although RSSI is a measurement quantity supported for RRM measurement purpose, RSSI measurement result (e.g NR carrier RSSI or CSI-RSSI) is not separately reported, and has to be inferred from RSRP and RSRQ, respectively. However, in NR-U, the reference signals for measuring RSRP and RSRQ may not be always transmitted due to LBT, purely relying on the indirect way of acquiring RSSI measurement may not be sufficient, especially considering RSSI is an important metric for hidden node detection in the unlicensed band. Moreover, if RSSI measurement is restricted to the resources containing reference signals for RSRP/RSRQ measurement, the interference would be over-estimated because such reference signals are more likely to be transmitted than normal data transmission with more aggressive LBT. Furthermore, in some scenarios, it would be beneficial to enable UE and gNB to perform the RSSI measurement on exactly the same resources for hidden node detection. Therefore, similar to LTE-LAA, the timing configuration for RSSI measurement (RMTC) with a measurement periodicity and a measurement window should be configured separately from RSRP/RSRQ measurement resource, and the frequency resources can be confined with a given bandwidth, e.g., 20MHz. 
Proposal 7: It is identified beneficial to report channel occupancy together with RSSI.
· Further study the details of configuration for RSSI + channel occupancy reporting, and LTE-LAA RMTC can be considered as a starting point.
6 Enhancement to RLM Procedure
For radio link monitoring, the downlink radio link quality of the primary NR or NR-U cell shall be monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. In NR, the UE can be configured for a cell with a set of resources (e.g. SS/PBCH block and/or CSI-RS) for radio link monitoring by higher layers. The physical layer in the UE shall indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout for all resources in the set of resources for radio link monitoring. When the radio link quality is better than the threshold Qin for any resource in the set of resources for radio link monitoring, the physical layer in the UE shall indicate in-sync to higher layers. In order to operate NR-U without any assistance from licensed carrier, the radio link monitoring is also performed by a NR-U cell. In NR-U, it is possible that gNB fails to access the channel so that RLM-RS cannot be transmitted in a set of slots designated for RLM at a UE side. In this case, the UE may or may not measure the link in a slot where gNB fails to access the channel, by UE implementation. Therefore, further studies may be required whether existing radio link monitoring procedure can be reused for NR-U. For instance, whether/how to distinguish cases of out-of-sync, restriction of RLM to inside of COT or SMTC window, etc. Since it is difficult for UE to distinguish out-of-sync which is due to LBT failure at gNB or low channel condition at UE, it would be beneficial to perform RLM in the SMTC window if SS/PBCH block and CSI-RS in SMTC window are more likely to be transmitted than other transmission with more aggressive LBT.
Proposal 8: It is identified beneficial to perform RLM only in SMTC window.
· Further study the details of configuration for RLM, and NR SMTC can be considered as a starting point.
7 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: It is identified beneficial to support STTC-based transmission in order to compensate the limitations on channel access due to LBT.
· Further study the details of the configuration for STTC, e.g. periodicity, duration, and offset.
Proposal 2: It is identified beneficial to support cyclically wrap SS/PBCH blocks dropped due to LBT failure in order to reduce the signalling overhead on the timing offset due to LBT.
· Further study the details of the indication method of the timing offset due to LBT.
Proposal 3: It is identified beneficial to support a separate transmission timing configuration for RMSI/OSI/Paging not contained in the DSCH to composite the potential limitation on channel access due to LBT.
Proposal 4: It is identified beneficial to associate a LBT opportunity for each of the RACH occasions in order to alleviate the extra access delay due to LBT failure.
Proposal 5: Validation rule of RO shall be studied for NR-U.
Proposal 6: If preamble transmissions are dropped due to LBT failure of ROs in the same PRACH configuration period, then it is recommended that preamble power ramping is not performed; If preamble transmissions are dropped due to LBT failure of ROs across different PRACH configuration periods, then the increment of power ramping counter can be considered.
Proposal 7: It is identified beneficial to report channel occupancy together with RSSI.
· Further study the details of configuration for RSSI + channel occupancy reporting, and LTE-LAA RMTC can be considered as a starting point.
[bookmark: _GoBack]Proposal 8: It is identified beneficial to perform RLM only in SMTC window.
· Further study the details of configuration for RLM, and NR SMTC can be considered as a starting point.
References
[1] RAN1 Chairman’s Note, 3GPP TSG RAN WG1 Meeting #94, Gothenburg, Sweden, August 20th –24th, 2018.


image2.emf
STTC window

timing 

offset

LBT 

failed

LBT 

passed

possible starting locations

4 5 2 3 0 1 6 7


Microsoft_Visio_Drawing1.vsdx




STTC window





timing offset
LBT failed
LBT passed
possible starting locations

4
5

2

3


0
1

6

7















image3.emf
RO1

RO2 RO3 RO4

SSB1

SSB2 SSB3 SSB4

͙�...

Association period

Mapping of SSBs and ROs

LBT LBT LBT LBT

RO

4n+1

LBT LBT LBT LBT

RO

4n+2

RO

4n+3

RO

4n+4


Microsoft_Visio_Drawing2.vsdx
RO1
RO2
RO3
RO4
SSB1
SSB2
SSB3
SSB4
… ...
Association period

Mapping of SSBs and ROs
LBT
LBT
LBT
LBT
RO
4n+1
LBT
LBT
LBT
LBT
RO
4n+2
RO
4n+3
RO
4n+4



image4.emf
RO1a

RO2a

SSB1

SSB2 SSB3 SSB4

Association period

Mapping of SSBs and ROs

ROs associated with SSB 

of respective pattern

LBT

LBT RO1b

RO2b LBT

LBT RO1c

RO2c LBT

LBT RO1d

RO2d LBT

LBT RO3a

RO4a LBT

LBT RO3b

RO4b LBT

LBT RO3c

RO4c LBT

LBT RO3d

RO4d LBT

LBT


Microsoft_Visio_Drawing3.vsdx
RO1a
RO2a
SSB1
SSB2
SSB3
SSB4
Association period


Mapping of SSBs and ROs




ROs associated with SSB of respective pattern
LBT
LBT
RO1b
RO2b
LBT
LBT
RO1c
RO2c
LBT
LBT
RO1d
RO2d
LBT
LBT
RO3a
RO4a
LBT
LBT
RO3b
RO4b
LBT
LBT
RO3c
RO4c
LBT
LBT
RO3d
RO4d
LBT
LBT





image5.emf
Valid RO

10ms

(RACH configuration period)

UE 1

UE 2

1

st

RACH attempt with Tx 

power P; 

fails

2nd  RACH attempt with Tx 

power P+P_step; 

fails

3

rd

RACH attempt with 

Tx power P+2*P_step; 

fails

4

th

RACH attempt with Tx 

power P+3*P_step; 

NO RACH NO RACH

NO RACH

1

st

RACH attempt with Tx 

power P; 


image6.emf
Valid RO

10ms

(RACH configuration period)

UE 2

1

st

RACH attempt 

with Tx power P; 

LBT fails

NO RACH NO RACH

NO RACH

1

st

RACH attempt with Tx 

power P; 

LBT pass

LBT

UE 1

1

st

RACH attempt 

with Tx power P; 

LBT fails

1

st

RACH attempt 

with Tx power P; 

LBT fails

1

st

RACH attempt 

with Tx power P; 

LBT fails

1

st

RACH attempt 

with Tx power P; 

LBT fails

1

st

RACH attempt 

with Tx power P; 

LBT fails

1

st

RACH attempt 

with Tx power P; 

LBT pass

Option 1

Option 2

UE 2

1

st

RACH attempt 

with Tx power P; 

LBT fails

NO RACH NO RACH

NO RACH

1

st

RACH attempt with Tx 

power P; 

LBT pass

UE 1

1

st

RACH attempt 

with Tx power P; 

LBT fails

2

nd

RACH attempt with 

Tx power P+P_step; 

LBT fails

3

rd

RACH attempt with Tx 

power P+2*P_step; 

LBT fails

2

nd

RACH attempt with

Tx power +P_step; 

LBT fails

3

rd

RACH attempt with Tx 

power P+2*P_step; 

LBT fails

4

th

RACH attempt with Tx 

power P+3*P_step; 

LBT pass


image1.emf
15 kHz, L

SSB

=4

15 kHz, L

SSB

=8

30 kHz, L

SSB

=4

30 kHz, L

SSB

=8

120 kHz, L

SSB

=64

240 kHz, L

SSB

=64

half frame (5 ms)


Microsoft_Visio_Drawing.vsdx






















































































































































15 kHz, LSSB=4
15 kHz, LSSB=8
30 kHz, LSSB=4
30 kHz, LSSB=8
120 kHz, LSSB=64
240 kHz, LSSB=64
half frame (5 ms)



