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Introduction
[bookmark: P3]The coverage issue generally occurs in UE side due to the lower power than that of the gNB. From this fact, the coverage of uplink channel of PUCCH and PUSCH had been enhanced in Rel-17. Now, the bottleneck of coverage of uplink channel might be a PRACH. In this contribution, we share our views on the PRACH coverage enhancement. 
Multiple PRACH transmission with same beam
[bookmark: Proposal1]In this section, we share our views on the multiple PRACH transmission with same beam.
Differentiation of PRACH transmission
In previous RAN1#112 meeting, following working assumptions were made about RACH Occasion configuration.
	Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.



For the working assumption with separate preamble on shared ROs, we have a concern the latency, especially on the large number of multiple PRACH transmission. Even though current specification can support resource configuration for both working assumptions (e.g., The ROs can be configured in every slot with PRACH index 143 of FR2), the shared ROs case may have severe high contention rate and lack of preamble to be transmitted in both transmissions, especially in FR2 case due to the larger number of corresponding SSBs. Having said that, the shared RO case might be useful for CFRA since the gNB can control and manage its preamble and resource. Based on this fact, we propose that the working assumption should be confirmed for separate RO case, and shared RO case should be applied only for CFRA. 
Proposal 1: The working assumption should be confirmed for separate RO case, and shared RO case with restricted to CFRA.
RACH Occasion bundling
One of the major drawback of multiple PRACH transmission is that the gNB has a difficulty to configure the RAR window start timing when the gNB misses one or more PRACHs in the multiple PRACH transmissions from UE. As a result, the UE also has an ambiguity on it. In previous RAN1#111 meeting, there was a discussion about the RO group, and the below proposal was made in FL summary, but we did not reach the agreement. In this section, we describe how the ambiguity on the RAR window configuration can be mitigated with the RO group.
	Proposal 9-new-b
For multiple PRACH transmissions with same Tx beam, a term of "RO group" is introduced to facilitate further discussion. For each RACH attempt, UE determines and selects one RO group for multiple PRACH transmissions, where RO(s) for a specific number of multiple PRACH transmissions are configured [, and transmit PRACH in the RO(s) within the RO group].
[Note 1: Determination and selection of RO group (including related configuration) is a separate discussion, including which WG should work on the configuration aspects, details of the signaling structures (if any).]
Note 2:  Each RO in one RO group is associated with the same SSB(s).
Note 3: Whether/How to capture the RO group in the spec. is a separate discussion.


 The RO group concept will be a solution for common understanding between UE and gNB about RAR window timing. In order to achieve the solution, the resource for RO group should be associated with the slot number. Figure 2 shows the RO group bundling method in both time and frequency domain. The RO group can be bundled with the granularity of the number of transmissions. 
[image: ]
Figure 1. Bundling in Time and Frequency domain
For the sake of the simplicity, Figure 1. (a) and (b) include only UL slots where the ROs for the multiple PRACH transmissions are configured in the whole slot of the certain frame (e.g., PRACH index 143 of FR2). The slots marked as purple and blue color denote the RO group with two and four ROs, respectively. Assuming that the group bundling is pre-configured so that the gNB and the UE have common understanding of the location of the RO groups. As an example, the UE transmits with four PRACHs on the slots of 24, 29, 34 and 39 as shown in Fig.1 (a). In this case, the gNB can configure the RAR window after the slot of 39 if the gNB is able to detect at least one PRACH in the RO group.
Proposal 2: The RO group should be associated with the slot number.
As mentioned in previous section, the resource configuration in frequency domain is essentially required due to lack of the resources for corresponding to a number of SSBs. Thus, further consideration is needed when the RO group expands to the multiple PRACH FDM configurations. In this case, it might be complicated to indicate the RO group pattern (e.g., RO group configuration/pattern shown in Fig.2 (a)) as growing the number of FDM bands. One simple way is to categorize the same number of ROs in RO group into same FDM band as shown in Fig.2 (b).
Proposal 3: The same number of ROs in RO group is categorized into the same FDM band.
One important thing for increasing the detection rate at the gNB side is that the RO(s) associated in a RO group should not be included in another RO group. Such an overlapped RO(s) causes critical system performance degradation. Figure 2 shows the example of the issue.
[image: ]
Figure 2. RO duplication across RO groups
Assuming that two RO groups share part of ROs as shown in Fig.2, and two UEs simultaneously transmit the multiple PRACH in each RO group. In this case, the gNB may have a difficulty to detect both PRACHs from two UEs due to the contention. Of course, the different preambles between two group provide robustness against the contention, but considering that such PRACHs are transmitted with weak transmit power in severe channel state (e.g., from cell edge), the robustness cannot be guaranteed. As a result, the detection rate together with system performance will degrade. From this reason, we propose that the RO(s) associated in an RO group should not be associated in another RO group.
Proposal 4: The RO(s) associated in an RO group should not be associated in another RO group.
RAR Window Configuration
In RAN1#112 meeting, following agreement about RAR window was made.
	Agreement
For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.


There are two FFSs in the agreement about the start position of the RAR window and RA-RNTI calculation method. 
The start position of the RAR window
There was an offline discussion, and it was summarized as two cases that (1) the RAR window starts from right after first PRACH transmission within one RACH attempt of multiple PRACH transmission, and (2) the RAR window starts from right after the last PRACH transmission within one RACH attempt of multiple PRACH transmission.
For the case (1), it can achieve the early termination of PRACH transmission if the PRACH is detected earlier while it may suffer from the lack of window length. The current specification allows maximum 10ms of RAR window length which is same as 1 radio frame, but depending on the RO configuration ROs may be configured across the radio frame. It means, it is needed to expand the current maximum RAR window length to fit into the RO configuration. For the case (2), it is similar behaviour with the current specification. Besides, the latency will be slightly longer than the case (1). In our perspective, the longer RAR window length may affect negatively to the legacy UE who fails RACH procedure. For example, assuming that the legacy UE transmits a single PRACH to the gNB, but the gNB is not able to detect the PRACH and therefore the gNB is not able to transmit RAR to the UE. In this case, the UE will keep trying to detect the DCI 1_0 for the reception of the RAR within longer RAR window. For this reason, we propose that the RAR window should start from the end of the last symbol of the last PRACH transmission within one RACH attempt.
Proposal 5: The RAR window should start from the end of the last symbol of the last PRACH transmission within one RACH attempt.
RA-RNTI calculation
In previous meeting, companies proposed that which PRACH is referred to calculate the RA-RNTI for the multiple PRACH transmissions. The candidate solutions are listed as follows.
· Option1: First PRACH
· Option2: Last PRACH
· Option3: One of the PRACHs
As we analysed in Section 2.2, if the ROs are not duplicated used across RO groups, there will be no issue for RA-RNTI calculation to refer any PRACHs (Option3) within the multiple PRACH transmissions of one PRACH attempt. However, it makes UE to be more complicated since the UE should compare all RA-RNTI when the UE receives the DCI 1_0 with RA-RNTI up to 8 times. Based on this fact, we propose that, for the calculation of the RA-RNTI, the first or last PRACH of the multiple PRACHs in one RACH attempt should be referred. 
Proposal 6: For the calculation of the RA-RNTI, the first or last PRACH of the multiple PRACHs in one RACH attempt should be referred.
Multiple PRACH retransmission
For the first RACH attempt, we made an agreement that the SSB-RSRP threshold is used to determine the number of PRACH transmissions in previous meeting as shown in below.
	Agreement
· For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.


The UE behaviour for the second and further RACH attempt is still FFS. In current specification, the power ramping is conducted after the first RACH attempt fails. However, we can consider various alternative UE behaviours from the combinations of the power ramping and the number of multiple PRACH transmissions. Prior to discussion about the combinations, we need to determine whether the SSB-RSRP threshold used in the first RACH attempt is applied again in the second and further RACH attempt. The time duration from the PRACH transmission to the recognition at the UE side that the first RACH attempt failed is relatively short compared to the channel variants at the UE side. Therefore, it is reasonable to use the SSB-RSRP value measured in the first RACH attempt again at the second and further RACH attempts.
Proposal 7: Use the SSB-RSRP value measured in the first RACH transmission attempt at the second and further RACH attempts.
For the UE behaviour at the second and further RACH attempts, there are two available options for power ramping first or the transmission number increase first. Both methods can obtain the transmission power gains, however, from the viewpoint of resource efficiency, the power ramping might be beneficial if the less resources are used in the PRACH procedure. Therefore, the power ramping should be firstly performed prior to increase the number of the multiple PRACH transmission at the second and further RACH attempt.
Proposal 8: The power ramping should be firstly performed prior to increase the number of the multiple PRACH transmission at the second and further RACH attempt.
Impact on the MPE/P-MPR
 In RAN1 #110b-e and #111 meetings, there was a discussion to investigate the impact from transmission power related regulation such as maximum permissible exposure (MPE) for the determination of the number of multiple PRACH transmissions. A UE can apply the P-MPR to the transmit signal to meet the MPE requirement and/or regulatory restrictions, and thus it may have an impact to determine the number of multiple PRACH transmissions. However, the timing when the P-MPR is applied and what conditions (e.g., threshold of accumulate transmission power) trigger the P-MPR are totally UE implementation and transparent to the gNB. Based on these facts, we can now focus on the PRACH transmission case. The UE at the cell edge may transmit the PRACH with maximum power in most cases. The concerning point is, however, whether the PRACH transmission with maximum power can trigger the P-MPR at the UE side. Since it is the initial access, the accumulate Tx power may not reach to the limitation or may be low comparing to the limitation. Some UEs apply the P-MPR a bit before the accumulate transmission power reaches the MPE limit to make use of the maximized Tx power but another UEs can start applying the P-MPR at the earlier stage than the former case. Therefore, we believe RAN1 needs better understanding on the condition for the P-MPR application to PRACH transmission before investigating the impact on the MPE. 
Proposal 9: The discussion on the condition for the P-MPR application to PRACH transmission is needed before investigating the impact on the MPE.
Conclusion
In this contribution, we provide our views on further coverage enhancement as below
Proposal 1: The working assumption should be confirmed for separate RO case, and shared RO case with restricted to CFRA.
Proposal 2: The RO group should be associated with the slot number.
Proposal 3: The same number of ROs in RO group is categorized into the same FDM band.
Proposal 4: The RO(s) associated in an RO group should not be associated in another RO group.
Proposal 5: The RAR window should start from the end of the last symbol of the last PRACH transmission within one RACH attempt.
Proposal 6: For the calculation of the RA-RNTI, the first or last PRACH of the multiple PRACHs in one RACH attempt should be referred.
Proposal 7: Use the SSB-RSRP value measured in the first RACH transmission attempt at the second and further RACH attempts.
Proposal 8: The power ramping should be firstly performed prior to increase the number of the multiple PRACH transmission at the second and further RACH attempt.
Proposal 9: The discussion on the condition for the P-MPR application to PRACH transmission is needed before investigating the impact on the MPE.
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