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1 Introduction
In the last RAN2 #103 meeting [1], the following assumptions about RACH procedure were made:
· R2 assumes that RACH may be enhanced by additional opportunities, e.g. in time or frequency domain, FFS which messages the additional opportunities apply to.

· Will study the model of single-RACH procedure. FFS multiple parallel procedure model 
· Will study impact to PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_POWER_RAMPING_COUNTER, ra-ResponseWindow, ra-ContentionResolutionTimer;
Meanwhile, some initial access related agreements for NR-U were achieved in the RAN1 #94 meeting [2]:
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

In this contribution, we will provide further considerations on the RACH procedure for NR-U.
2 Discussion
2.1 Additional PRACH Occasions
In the RACH specification of NR, multiple PRACH occasions are mapped to one SSB via TDM or FDM manner. In NR-U, it is natural to map more ROs in the time domain and frequency domain to one SSB to increase the opportunities of access considering the possible failed LBT procedures. However, the LBT procedure can be performed in units of 20 MHz according to the RAN1 agreements. Therefore, the additional ROs in frequency domain within 20MHZ will not bring more opportunities for random access. Considering the bandwidth of initial BWP is 20MHZ, no more ROs in frequency domain need to be introduced for the idle UEs.
Observation1: The higher density of ROs in frequency domain within 20MHZ will not bring more opportunities for random access if LBT fails. 
The additional ROs in time domain will increase the numbers of LBT and can increase the opportunities for random access even if some LBT procedures failed.
Proposal 1: RACH should be enhanced by higher density of ROs in time domain. 

In order to reduce the delay introduced by the serial LBTs in time domain, the additional opportunities for LBT in frequency domain needs to be increased via adding of bandwidth. Regarding that the bandwidth of BWP can be configured in the integer of 20MHZ, and non-over lapped BWPs can be supported for the individual LBTs and different numerologies. Consequently, in order to reduce delay the LBT procedures can be performed in multiple BWPs simultaneously when multiple BWPs are activated.
Observation2: The opportunities of access can be increased via adding of bandwidth for LBT.
Proposal 2: The LBT can be performed in multiple BWPs simultaneously.
2.2 LBT Result Aware in MAC
In the RACH procedure, some counters and timers in MAC are counted or started trigged by the transmission of msg1 or msg3 where there is an assumption that the transmission can be regarded as successful after the MAC delivered the Mac PDU to the physical layer.
Actually, in the licensed spectrum the frequency resource is always available, it can be regarded as successful transmission after the MAC delivered the Mac PDU to the physical layer. While in the unlicensed spectrum, the transmission in the physical layer may be blocked due to the failed LBT. For the accurate counters and time calculation, the MAC layer should be aware of the LBT result of transmission event of concerned messages.
Proposal 3: LBT result indication should be informed to MAC layer.

2.3 LBT Impacts on the RACH variables
We will analyse the LBT impacts on the RACH variables as following:
· PREAMBLE_TRANSMISSION_COUNTER，PREAMBLE_POWER_RAMPING_COUNTER

The PREAMBLE_TRANSMISSION_COUNTER is used to count the number of the transmitted preambles during one RACH procedure. When the PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1, the MAC should indicate a Random Access problem to upper layers. If the PREAMBLE_TRANSMISSION_COUNTER is incremented according to the current specification in MAC, the fake counters will be generated when the LBT failed in physical layer which will cause too early declaration of the Random Access problem. As a result, the PREAMBLE_TRANSMISSION_COUNTER in NR-U RACH will be incremented only for the preamble transmissions upon successful LBT.
The PREAMBLE_TRANSMISSION_COUNTER is used to count the transmission power of preamble during one RACH procedure. The PREAMBLE_TRANSMISSION_COUNTER is also incremented upon the transmitted preambles. Therefore, for the same reason, the PREAMBLE_TRANSMISSION_COUNTER in NR-U RACH will be incremented only for the preamble transmissions upon successful LBT.

Meanwhile, according to the RAN1 agreements [2], it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented if preamble transmissions are dropped due to LBT failure.
Proposal 4: In NR-U RACH procedure, the PREAMBLE_TRANSMISSION_COUNTER and the PREAMBLE_POWER_RAMPING_COUNTER will be incremented only for the succeeded preamble transmissions upon successful LBT.

· ra-ResponseWindow, ra-ContentionResolutionTimer
The ra-ResponseWindow is used for UE to wait for the RAR message. When the ra-ResponseWindow expires, the UE will consider the Random Access Response reception not successful. And if the Random Access procedure is not completed, UE will renew the Random Access Resource selection procedure considering the back off time. When there are consecutive LBTs failed in DL for the RAR transmission, the extended ra-ResponseWindow will be beneficial to the reception of RAR in UE. 
Meanwhile, according to the RAN1 agreements [2], in some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10ms to increase robustness to DL LBT failure. While on the other hand, the too big value of ra-ResponseWindow will bring unnecessary delay for RACH procedure in some scenarios, e.g. where failed reception of preamble occurred in gNB.

The LBT has the same impacts to the ra-ContentionResolutionTimer as to ra-ResponseWindow.
Proposal 5: In NR-U RACH procedure, the ra-ResponseWindow and the ra-ContentionResolutionTimer should be extend to appropriate values to increase robustness to the DL LBT failures.
2.4 Models of Single RACH and Parallel RACH
In the last RAN2 #103 meetings, some companies proposed a parallel RACH procedure to increase the probability of successful RACH procedures. Analysis on single RACH model and parallel RACH model is listed in this section. 
Single RACH Model:
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Figure 1:  Single RACH Procedure Model
The single RACH model means that there is only one RACH ongoing. In order to increase the probability of successful RACH, the more opportunities needs to be introduced for all the 4 MSGs transmissions during the RACH procedure. As depicted in the figure1, each MSG will be transmitted only once upon the successful LBT during the RACH procedure except the retransmission triggered by the RACH procedure itself, i.e. the more LBT opportunities are needed but the MSGs are only transmitted once upon successful LBT. 

The 2-step RACH besides the 4-step RACH has been agreed to be studied for NR-U to reduce the delay caused by LBTs in the unlicensed spectrum. Furthermore, the messages within the RACH procedure can be transmitted through any BWP with successful LBT within the multiple BWPs to reduce the possible extra delay.
Proposal 6: Single-RACH procedure can be performed across BWPs.
Parallel RACH Model:
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Figure 2:  Parallel RACH Procedure Model
In the parallel RACH model, there are multiple RACH procedures ongoing individually. We depict the parallel RACH model in the figure 2 where the different RACHs are performed in the different BWPs for example. In our understanding, UE will perform separated RACH procedures as the normal 4-step RACH procedure defined in NR. It means that the UE will initiate each RACH procedure among the parallel RACH procedures using the separated RACH resource. For the other side, the gNB will regard the each RACH procedure as the normal individual 4-step RACH procedure also, e.g. the Msg2 is generated and transmitted based on the RA-RNTI, and the Contention Resolution is based on either C-RNTI or UE Contention Resolution Identity.

Comparison of Single and Parallel RACH Models:
The extra delay will be introduced in the Single RACH model for NR-U, however, the 2-step RACH and RACH across BWPs can be adopted for NR-U to reduce the unexpected delay.

For the Parallel RACH model, more RACH resources will be occupied and more power consumption is needed. The gNB can identify the parallel RACH procedures are initiated by the same UE only when the Contention Resolution succeeded. Furthermore, the gNB cannot decide whether to cancel the last RACH procedure after one previous successful RACH procedure because the gNB did not know whether the two RACH procedures are separated or are parallel for one UE.

We give the comparisons of the two RACH models.

                                           Table 1 Comparison of Single RACH and Parallel RACH

	
	Delay caused by LBT
	RACH resources
	Power Consumption in UE

	Single RACH
	Increased delay caused by LBT for 4-step;
Delay can be decreased for 2-step RACH or RACH across BWPs.
	Same to the normal RACH, no more RACH resources are needed;
The RACH resources are only occupied upon the successful LBT.
	Same to the normal RACH, no more power consumption in UE is needed. 



	Parallel RACH 


	Decreased delay due to the parallel processes;

For one RACH process, the delay will still be increased caused by LBT failure.
	More RACH capacity is needed for the parallel processes.
	More power consumption in UE is needed for the parallel processes.


According to the comparisons in table 1, we prefer the single RACH model for NR-U.
Proposal 7: Single-RACH procedure for NR-U is preferred.
3 Conclusion

In this contribution, we discuss the issues on RACH procedure for NR-U. In particular, we have the following proposals:
Observation1: The higher density of ROs in frequency domain within 20MHZ will not bring more opportunities for random access if LBT fails.Observation2: The opportunities of access can be increased via adding of bandwidth for LBT.
Proposal 1: RACH should be enhanced by higher density of ROs in time domain. 
Proposal 2: The LBT can be performed in multiple BWPs simultaneously.
Proposal 3: LBT result indication should be informed to MAC layer.

Proposal 4: In NR-U RACH procedure, the PREAMBLE_TRANSMISSION_COUNTER and the PREAMBLE_POWER_RAMPING_COUNTER will be incremented only for the succeeded preamble transmissions upon successful LBT.

Proposal 5: In NR-U RACH procedure, the ra-ResponseWindow and the ra-ContentionResolutionTimer should be extend to appropriate values to increase robustness to the DL LBT failures.
Proposal 6: Single-RACH procedure can be performed across BWPs.
Proposal 7: Single-RACH procedure for NR-U is preferred.
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