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[bookmark: _Ref165266342]Introduction
At the RAN#82 Plenary, a new WID on NR-based access to unlicensed spectrum has been approved [1]. The following is the consideration on RACH procedure in NR-U,
-	specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure;
Over the last couple of meetings, some agreements with regard to RACH procedure have been achieved [2][3], which are given as follows,
[bookmark: OLE_LINK5]From MAC perspective, multiple msg1 transmissions are not supported (does not preclude beam sweeping enhancement if decided for NR);
MAC returns to the resource selection step if LBT fails for Msg1 transmission opportunity(ies);
Will support extension of RAR window without modifying RA-RNTI;
Include LSBs of SFN in Msg2;
Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS;
In this contribution, we would like to discuss the remaining issues on the RACH procedure in terms of resource selection, RAR reception, and the starting condition of the contention resolution timer.
Discussion
In NR-U, a UE has to perform the LBT procedure before transmitting a message based on the indicated LBT category and CAPC. It is likely that the PHY layer in UE cannot transmit the message via the configured transmission occasions due to UL LBT failure. In order to mitigate UL LBT impact on the RACH procedure, we would like to further discuss the remaining issues need to be considered to the MAC specification.
Whether and how to select multiple Msg1 transmission opportunities
In Rel-15, a UE can only determine one PRACH occasion for Msg1 transmission after RA initiation (e.g., UL carrier selection) and RA resource selection (i.e., select an SSB/CSI-RS, an associated preamble, and the next available PRACH occasion), as depicted in following Figure 1. However, multiple PRACH occasions can be associated with one SSB by NW configuration and multiple SSBs are supposed to be supported on 5GHz unlicensed band. In this sense, multiple PRACH occasions for Msg1 transmission can also be configured to the UE in NR-U.
Observation 1: Similarly to NR, multiple PRACH occasions for Msg1 transmission can be provided to the UE by network configuration in NR-U.
Based on this observation, from RAN2 perspective, it might be feasible to consider potential enhancements to select multiple Msg1 transmission opportunities in the time domain or frequency domain. 



Figure 1: RACH initiation and resource selection in NR
A simple enhancement is to allow the UE to select multiple PRACH occasions of different time domain. More specifically, the MAC entity in UE can select multiple PRACH occasions as candidate Msg1 transmission opportunities and inform them to the PHY layer. And then the PHY layer will perform LBT check for the indicated PRACH occasions in chronological order. Once LBT succeeds, the Msg1 can be transmitted on a selected PRACH occasion and the rest of Msg1 transmission opportunities will be dropped by the PHY layer. Otherwise, the PHY layer continues to perform another LBT check for the next indicated PRACH occasion. An illustration of this procedure is given in the following Figure 2. 
Note that this approach can be applied for both RRC CONNECTED UE and RRC IDLE/INACTIVE UE. 
Proposal 1: The UE can select multiple TDMed PRACH occasions during the RA resource selection.


Figure 2: An illustration of selecting multiple TDMed PRACH occasions
Further, if an RRC CONNECTED UE is configured with an active UL BWP with bandwidth more than 20 MHz, it would be possible that multiple consecutive PRACH occasions are configured on the different LBT sub-bands. In this scenario, the UE should be able to select multiple PRACH occasions across different LBT sub-bands. Consequently, the PHY layer will simultaneously perform LBT check for the indicated PRACH occasions across different LBT sub-bands. If LBT checks on different LBT sub-bands succeeds at the same time, the PHY layer in UE should select a next available PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different LBT subbands. An illustration of this procedure is shown in the following Figure 3.
[bookmark: OLE_LINK153][bookmark: OLE_LINK154]Proposal 2: If the active UL BWP includes more than one LBT sub-bands, the UE will be allowed to select multiple PRACH occasions across different LBT sub-bands during the RA resource selection. 
Proposal 3: If LBT checks on different LBT sub-bands succeeds at the same time, the UE should select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different LBT subbands.


Figure 3: An illustration of selecting multiple PRACH occasions across different LBT sub-bands
In the next step, we would like to provide more details on how to select multiple PRACH occasions.  
In NR, a DL beam (i.e., SSB and CSI-RS) is usually associated with one or more than one PRACH occasions. The MAC entity in UE selects an SSB/CSI-RS and randomly selects an RO amongst the consecutive PRACH occasions corresponding to the selected SSB/CSI-RS. Then the PHY layer in UE is instructed to transmit the Msg1 via the selected PRACH occasion. 
To support MAC entity selecting N (N2) PRACH occasion, generally, there are following two potential enhanced RA resource selection schemes:
· Option 1: Select N PRACH occasions amongst all the consecutive PRACH occasions corresponding to one selected SSB/CSI-RS.
· Option 2: Select N PRACH occasions amongst all the consecutive PRACH occasions corresponding to M (NM1) selected SSB/CSI-RS. For each selected SSB/CSI-RS, select floor(NM) PRACH occasions amongst all the consecutive PRACH occasions corresponding to the selected SSB/CSI-RS.
[bookmark: OLE_LINK1]Further, we are going to elaborate our analysis on these two alternatives in terms of the spec impacts and the number of Msg1 transmission opportunities that can be provided.  
Option 1: Select one SSB/CSI-RS and N corresponding PRACH occasions
For option 1, once an SSB/CSI-RS is selected, the MAC entity in UE will determine N available PRACH occasions from all the consecutive PRACH occasions corresponding to the selected SSB/CSI-RS. 
As is known, the mapping/configuration relation between the number of RO and SSB/CSI-RS is configured by the network. If the network configures that one SSB/CSI-RS is only associated with one RACH occasion, without a doubt, multiple PRACH occasions cannot be selected via option1. In opposite, multiple PRACH occasions can be selected. In addition, the maximum number of PRACH occasions corresponding to one SSB/CSI-RS is 8/64. Therefore, if option 1 is applied, at most 8/64 Msg1 transmission opportunities can be selected and indicated to the PHY layer. In the worst case, the UE can only select one PRACH occasion.
Option 2: Select M SSB/CSI-RS and N corresponding PRACH occasions
Compared to option 1, the main difference of option 2 is to make the MAC entity in UE firstly select more than one (e.g., M) SSB(s)/CSI-RS(s) with RSRP above a configured threshold. Secondly, the MAC entity selects floor(NM) PRACH occasions amongst all the consecutive PRACH occasions corresponding to the selected SSB/CSI-RS. 
Obviously, the number of PRACH occasions that can be selected as Msg1 transmission opportunities via option 2 is at most M times more than that of option 1, as shown in the following Figure 4. As a cost, the PHY layer in UE has to feedback which RO is finally selected for Msg1 transmission if LBT succeeds. This is because the PREAMBLE_POWER_RAMPING_COUNTER is managed by MAC entity and the MAC entity needs to explicitly know which SSB/CSI-RS is selected in the current RACH attempt.

Figure 4: The number of Msg1 transmission opportunities provided by option1/2
Summary 
Based on the analysis above, we summarize the performance gains and spec impacts brought by option1/2 as shown in the following table 1. 
Table 1. Comparison of potential alternatives for increasing Msg1 transmission opportunities
	
	Option 1: Select one SSB/CSI-RS and N corresponding PRACH occasions
	Option 2: Select M SSB/CSI-RS and N corresponding PRACH occasions

	Performance gains
	1. At most 8/64 Msg1 transmission opportunities can be selected.
2. In the worst case, the UE can only select one Msg1 transmission opportunity.
	The number of Msg1 transmission opportunities that can be selected is at most M times more than that of option 1. 

	Spec impacts
	The rule of selecting multiple PRACH occasions needs to be specified.
	Additionally, the PHY layer has to feedback which RO is finally selected when LBT succeeds.


Considering that option2 will not bring much complexity on specification standardization while it can help to relieve the LBT impacts as much as possible, we have the following proposal:
Proposal 4: The UE is able to select more than one SSB/CSI-RS(s) during the RA resource selection. 
RA resource selection after encountering consistent UL LBT failure
Due to the uncertain of LBT outcomes, the UE might nonetheless fail to access channel for Msg1 transmission even with potential enhancements given in the previous section. As a result, the UE will perform the RA resource selection step again, as agreed in the previous RAN2 meeting. However, there is a high probability of encountering consistent UL LBT failure when the congestion is unbearable. 
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]A better and efficient approach is to allow the UE to switch to SUL carrier and then re-attempt Msg1 transmission if this cell is configured with SUL carrier. Specifically, when an NR-U cell is configured with both SUL carrier and normal unlicensed UL carrier, the network can configure a maximum number of Msg1 transmission attempts on normal unlicensed UL carrier. If the UE selects the normal unlicensed UL carrier but fails to access the channel after a certain number of Msg1 transmission attempts, the UE will select the SUL carrier to re-attempt Msg1 transmission, even when the RSRP of the DL pathloss reference is higher than rsrp-ThresholdSSB-SUL.
Proposal 5: The UE is allowed to select the SUL carrier, if configured, to re-attempt Msg1 transmission after failing Msg1 transmission ‘N’ times due to consistent UL LBT failure.
RAR window size & payload of MAC RAR 
In order to deal with the possibility of LBT failure leading to RAR transmission failure, the maximum RAR window size has been agreed to extend to 20ms as a baseline. In the previous RAN2 meeting, it was warmly discussed what value should be specified as the maximum RAR window size. Due to the time limit, no agreement was made. Considering that the maximum value of contention resolution timer is not changed for NR-U (i.e., 64sf) and the RAR window might be applied to 2-step RACH procedure, in which RRC processing delay and CU/DU fronthaul latency need to be taken into account, we think the maximum RAR window size can be extended to 80ms. As a result, we can confirm that the number of bits for SFN field included in Msg2 is 3 bit. 
Proposal 6: Extend the maximum size of RAR window to 80ms.
Proposal 7: The number of bits for SFN field is 3 bits.
Besides, in NR, the UE will not process the MAC RAR unless the RAPID in the subheader corresponds to the transmitted preamble. Therefore, in NR-U, the SFN field should also be placed in the MAC subheader. If a UE does not find out the matched RAPID and SFN index, it will not have to parse the rest part of the MAC subPDU, which is beneficial to reduce UE complexity. 
Proposal 8: The SFN field is located in the MAC subheader.
Based on the consideration given above, a new MAC subheader format for NR-U is suggested as follow,


Figure 5: MAC subheader for RAR with SFN index
The fields “E” and “T” in the new MAC subheader have the same definition as the E/T/RAPID MAC subheader in NR. If the T field is set to "0", then the new subheader will fall back to the E/T/R/R/BI MAC subheader, who consists of a single octet. When the T field is set to "1", the remaining reserved bits can be used for other WIs. For example, we can use one reserved bit in the new MAC subheader to indicate the type of MAC RAR (e.g., FallbackRAR and SuccessRAR) for 2-step RACH procedure.  
Proposal 9: Consider the format of MAC subheader as depicted in Figure 5.
Moreover, it should be noted that in a RAN1 provided LS (R1-1907902), RAN2 is informed that LBT category for Msg3 initial transmission is provided to the UE in MAC RAR. Hence, both the LBT category field and CAPC field need to be included in MAC RAR. Currently, both the LBT category and CAPC are indicated to the UE via DCI. It seems reasonable to extend the UL grant field in MAC RAR in order to contain both the LBT category and CAPC. In addition, there are four types of LBT category, that are Cat1, 16 us Cat2, 25 us Cat2, and Cat 4. According to the specification TS 37.213, there are also four CAPC values. Therefore, the number of bits for LBT category/CAPC is 2 bit.
Proposal 10: Both the LBT category and the CAPC should be contained in the RAR UL grant field.
Proposal 11: The number of bits for LBT category field included in the RAR UL grant is 2 bits.
Proposal 12: The number of bits for CAPC field included in the RAR UL grant is 2 bits.
Proposal 13: Send an LS to RAN1 to confirm Proposal 10 - 12.
Starting condition of contention resolution timer
According to the current MAC specification [4], the starting condition of ra-ContentionResolutionTimer and the UE behavior while the timer is running are highlighted in yellow as follows, 
	Once Msg3 is transmitted, the MAC entity shall:
[bookmark: OLE_LINK20]1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;
1>	monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of a measurement gap;


Option a: start the ra-ContentionResolutionTimer regardless of the LBT
For option a, once the Msg3 initial transmission or retransmission is instructed to the PHY layer, the MAC entity in UE will start or restart the ra-ContentionResolutionTimer, no matter whether the Msg3 is actually transmitted via Uu interface or not. 
During the running period of the ra-ContentionResolutionTimer, the UE is able to monitor the PDCCH even though neither drx-onDurationTimer nor drx-InactivityTimer is running. At gNB side, considering that HARQ retransmission for Msg3 is supported, it will schedule a dynamic grant for Msg3 retransmission via the PDCCH addressed to TC-RNTI, if the Msg3 is not successfully decoded. As a result, the UE has the chance to obtain additional transmission opportunities for Msg3. Moreover, if the gNB is able to access the channel for dynamic grant transmission, COT sharing between the gNB and the UE will be applicable, which helps to increase the probability of Msg3 transmission.
Observation 2: Multiple re-transmission opportunities for Msg3 can be provided during the running period of the ra-ContentionResolutionTimer. 
Observation 3: COT sharing between the gNB and the UE can be applied for Msg3 re-transmission during the running period of the ra-ContentionResolutionTimer. 
Based on the analysis above, it can be concluded that adopting option a will significantly relieve the LBT impact on Msg3 transmission. However, as pointed out in [5], the latency of RACH procedure might be long if option a is applied. For example, if both the Msg3 and dynamic grant cannot be transmitted due to LBT failure, the UE has to wait in vain for restarting from RA resource selection step until ra-ContentionResolutionTimer expires. 
Observation 4: The latency of RACH procedure might be long if the gNB fails to access the channel during the running period of the ra-ContentionResolutionTimer.
Option b: start the ra-ContentionResolutionTimer only at successful LBT
Regarding option b, the UE does not need to wait until ra-ContentionResolutionTimer expires if LBT fails for Msg3 transmission opportunity(ies). Instead, the UE can immediately go to the RA resource selection step to prepare for Msg1 transmission. 
Starting over from scratch implies that new transmission opportunity for subsequent Msg3 cannot be obtained unless both the Msg1 and Msg2 are successfully transmitted by the UE and the gNB, respectively. Moreover, considering that multiple transmission opportunities for Msg3 currently cannot be supported via the RAR, there is a risk that UE will still fail to access the channel due to UL LBT failure on the transmission occasion. What’s worse, as the ra-ContentionResolutionTimer is not running, the UE cannot receive UL grants for Msg3 retransmission. In other words, the UE cannot obtain additional transmission opportunities for Msg3 transmission.
Observation 5: The NW can only provide one transmission opportunity for Msg3 at each RACH attempt if the ra-ContentionResolutionTimer is started only at successful LBT outcome of Msg3. 
[bookmark: _GoBack]Observation 6: Maybe the latency of RACH procedure cannot be reduced due to a greater number of LBT attempts if the ra-ContentionResolutionTimer is only started at successful LBT outcome of Msg3.
Summary
Based on the analysis given above, we summarize the Msg3 transmission opportunities, access latency, and spec impacts brought by option a/b as shown in the following table 2. Besides, we think it is beneficial to reuse the same starting condition of ra-ContentionResolutionTimer for NR-U.
Table 2. Comparison of two different starting condition of the ra-ContentionResolutionTimer
	
	Option a: The timer is started regardless of LBT outcome
	Option b: Start the timer only at successful LBT outcome, otherwise restart from RA resource selection

	Transmission opportunities for Msg3
	Multiple transmission opportunities and COT sharing are applicable.
	Currently, only one transmission opportunity can be provided at each RACH attempt.

	Access latency
	It will be long if the gNB fails to access the channel while the timer is running.
	Maybe it cannot be reduced due to more number of LBT attempts.

	Spec impacts
	No impacts.
The same as Rel-15 NR.
	Allow the UE to go to RA resource selection step if LBT fails for Msg3.


Therefore, we have the following proposals:
Proposal 14: Start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission, regardless of the LBT outcome.
Conclusions
[bookmark: _Toc502437832]In this contribution, we have discussed the remaining issues on the RACH procedure with regarding resource selection, RAR reception, and the starting condition of the contention resolution timer in detail. And we have the following observations and proposals:
Observation 1: Similarly to NR, multiple PRACH occasions for Msg1 transmission can be provided to the UE by network configuration in NR-U.
Observation 2: Multiple re-transmission opportunities for Msg3 can be provided during the running period of the ra-ContentionResolutionTimer. 
Observation 3: COT sharing between the gNB and the UE can be applied for Msg3 re-transmission during the running period of the ra-ContentionResolutionTimer. 
Observation 4: The latency of RACH procedure might be long if the gNB fails to access the channel during the running period of the ra-ContentionResolutionTimer.
Observation 5: The NW can only provide one transmission opportunity for Msg3 at each RACH attempt if the ra-ContentionResolutionTimer is started only at successful LBT outcome of Msg3. 
Observation 6: Maybe the latency of RACH procedure cannot be reduced due to a greater number of LBT attempts if the ra-ContentionResolutionTimer is only started at successful LBT outcome of Msg3.
Proposal 1: The UE can select multiple TDMed PRACH occasions during the RA resource selection.
Proposal 2: If the active UL BWP includes more than one LBT sub-bands, the UE will be allowed to select multiple PRACH occasions across different LBT sub-bands during the RA resource selection. 
Proposal 3: If LBT checks on different LBT sub-bands succeeds at the same time, the UE should select a PRACH occasion randomly with equal probability amongst the PRACH occasions occurring simultaneously but on different LBT subbands.
Proposal 4: The UE is able to select more than one SSB/CSI-RS(s) during the RA resource selection.
Proposal 5: The UE is allowed to select the SUL carrier, if configured, to re-attempt Msg1 transmission after failing Msg1 transmission ‘N’ times due to consistent UL LBT failure.
Proposal 6: Extend the maximum size of RAR window to 80ms.
Proposal 7: The number of bits for SFN field is 3 bits.
Proposal 8: The SFN field is located in the MAC subheader.
Proposal 9: Consider the format of MAC subheader as depicted in Figure 5.
Proposal 10: Both the LBT category and the CAPC should be contained in the RAR UL grant field.
Proposal 11: The number of bits for LBT category field included in the RAR UL grant is 2 bits.
Proposal 12: The number of bits for CAPC field included in the RAR UL grant is 2 bits.
Proposal 13: Send an LS to RAN1 to confirm Proposal 10 - 12.
Proposal 14: Start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission, regardless of the LBT outcome.
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