[bookmark: _Hlk110513670][bookmark: OLE_LINK3][bookmark: _Ref133120545]3GPP TSG RAN WG1 Meeting #113	R1-2304775
Incheon, Korea, May 22nd – 26th, 2023
Source:	Fujitsu
Title:	Discussion on PRACH coverage enhancements
Agenda Item:	9.12.1
Document for:	Discussion
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.
RACH Occasion group
In previous RAN1#112b-e meeting, there was a discussion about the method how to configure the RACH occasion group. Companies provided mainly two methods of implicit and explicit methods and it was summarized in the FL summary as shown in below.
	FL Proposal
Consider one or both of the following options to realize RO group(s) determination/configuration.
· Option 1: RO group(s) are implicitly determined based on network configuration.
· RO group is determined at least by the following parameters {time and frequency start position (or start RO), the number of ROs within the RO group}
· FFS: whether the parameters can be derived based on some rules without explicit configuration.
· FFS: whether the starting RB of ROs within an RO group can be different at different time instances, if supported, the details.
· Option 2: RO group(s) are directly configured by network, e.g., via SIB1.
· FFS: details.
· Note: details of characteristics of the RO groups [, e.g., whether partial RO overlap is supported, max duration of the RO group (if any), starting RO and so on] are up to RAN1, while details on how to realize the direct configuration of RO groups by network [, e.g., signalling,] are up to RAN2.


Unlike the single PRACH transmission, the configuration should consider the number of PRACH transmissions configured in the cell (i.e., 2, 4 and 8). In our understanding, a UE can configure the RO groups based on the time and frequency start position and the number of ROs for Option1 while the ROs to be used in an RO group will be directly indicated by the network. Based on this understanding, we provide some configuration examples with Option 1 and Option 2 as shown in Fig.1. In the example, we assume that msg1-FDM = 4, the configured number of multiple PRACH transmissions = {2, 4, 8}, and the number of RO groups for each repetition number is 4 so that the each RO group can correspond four SSBs with one-to-one mapping (i.e., ssb-perRACH-OccasionAndCB-PreamblesPerSSB = one).
[image: ]
Figure 1. Example of RO group configuration
Figure 1 shows an example of RO group configuration corresponding four SSBs. In order to configure the RO groups explicitly (for Option 2), every single RO should have its RO group ID where the RO is included. It is intuitive and straightforward method to configure RO group, however, it has a drawback from the signalling overhead perspective. Considering that the number of SSBs is 64 as worst case in RO group configuration, the signalling overhead for the configuration will explosively increase. Based on this fact, the explicit indication/configuration of RO group causes excessive configuration information.
Observation 1: From the signalling overhead perspective, the explicit indication of RO group configuration (Option 2) causes excessive information.
On the other hand, implicit configuration of RO groups can mitigate such a drawback of explicit configuration since it only requires the starting RO and the number of ROs to configure one RO group. This option is reasonable if there are a few numbers of RO groups within a RO group pattern. However, this option also suffers from the signalling overhead if the number of RO groups increases. As an example, the configuration shown in the example of Fig.1 requires 12 sets of {start RO, the number of ROs within an RO group} to configure one RO group pattern. Although it is comparatively smaller portion of signalling overhead than that of explicit configuration, it might not be ignorable.
Observation 2: The RO group configuration with {start RO, the number of ROs within an RO group} (Option 1) may also suffer from signalling overhead depending on the number of RO groups.
It might be agreeable that the frequency domain PRACH configuration (msg1-FDM) is naturally required to configure RO groups due to lack of the RO resources using only time domain resources for corresponding to a number of SSBs. With this parameter, we can consider a simple solution that the RO groups are categorized the same number of ROs in an RO group into same FDM band as shown in Fig.2.
[image: ]
Figure 2. RO configuration with same numbers RO in a same FDM
In this case, the network simply indicates to UE {FDM index, the number of ROs within an RO group}, and as the maximum number of FDM indexes is 8, the signalling overhead is also reasonable. It is noteworthy that there might be the case where the total number of ROs of all RO groups in one FDM is not fit into the number of the configured RO resources in one FDM (e.g., In msg1-FDM#1 in Fig2, the total number of ROs of all RO groups is 16, but the number of the configured RO resources is 14.). In this case, the RO groups can share the ROs within the same number of ROs. 
Proposal 1: For RO group determination, the implicit configuration should be supported based on the indication of {FDM index, the number of ROs within an RO group}.
RACH occasion group periodicity
In previous RAN1#113 meeting, we discussed about the period of RO group configuration, but it did not reach the consensus with remaining proposal as below.
	FL Proposal
A set of RO group(s) for a configured number of multiple PRACH transmissions is [determined/configured] within a time period X, starting from frame 0. The [determined/configured] set of RO groups repeats every period X.
· FFS: the determination of time period X.
· FFS: whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions.


Two discussion points remain that how to determine the length of time period X and whether each RO group has same or different time period X. Based on our analysis in Section 2.1, the RO group can be aligned within a time period X. In this case, we can reuse the mechanism in the current specification that the time period X can consist of K SSB-to-RO association period. Let us take an example with aforementioned RO group configuration example. Assuming that the PRACH configuration index 117 is provided to the UE with 120kHz SCS and [DDDFU] of slot format for FR2 and unpaired spectrum as listed in below Table.1 (also referred to Table 6.3.3.2-4 of TS 38.211 [2]).
<Table 1. Random access configurations for FR2 and unpaired spectrum>
	PRACH
Config. 
Index
	Preamble format
	
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
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number of time-domain PRACH occasions within a PRACH slot
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PRACH duration
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	117
	B4
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	1
	12


And the illustration of the PRACH configuration index 117 is shown in below Fig.3. The slot including RO is marked as green.
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Figure 3. The relationship between PRACH configuration period and SSB-to-RO association period.
Since the number of corresponding SSBs in our example of Section 2.1 is four and PRACH configuration period is 40ms with PRACH configuration index 117, SSB-to-RO association period should be two to cover with all corresponding SSBs according to current specification in Table 8.1-1 of TS 38.213.
<Table 8.1-1: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period>
	PRACH configuration period (msec)
	Association period (number of PRACH configuration periods)

	10
	{1, 2, 4, 8, 16}

	20
	{1, 2, 4, 8}

	40
	{1, 2, 4}

	80
	{1, 2}

	160
	{1}


Based on this analysis, the time period X can be determined by reusing current specification with K SSB-to-RO association period. Also, there is no issue to apply one value of time period X to all the configured number(s) of multiple PRACH transmissions.
Proposal 2: 
· The time period X for RO group pattern period should be determined by K SSB-to-RO association period.
· One value of time period X should apply to all the configured number(s) of multiple PRACH transmissions.
RA-RNTI Calculation
In RAN1#112b-e meeting, following agreement about RAR window was made.
	Agreement
The starting point of RAR window is after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions.
Note: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not


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 3: For the calculation of the RA-RNTI, the first or last PRACH of the multiple PRACHs in one RACH attempt should be referred.
Determination of the number of PRACH transmissions
Initial transmission
In RAN1#112b-e meeting, there is no chance to discuss the method how to determine the number of PRACH transmissions, but FL suggested the proposal as below.
	FL Proposal
For multiple PRACH transmissions with same Tx beam, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.


During previous several RAN1 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 to maximize the Tx power efficiency. 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 determination of the number of the multiple PRACH transmission case considering Tx power restriction. 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 aggressively 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 conservatively applying the P-MPR at the earlier stage than the former case. We think that the P-MPR triggering in initial access is a corner case although it is still in black box due to dependency on the UE implementation. Therefore, we propose that only SSB-RSRP threshold is used to determine the number of PRACH transmissions for CBRA.
Proposal 4: For CBRA, SSB-RSRP is the only factor to determine the number of PRACH transmission. 
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 5: 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, we can consider the options for power ramping first or the transmission number increase first or simultaneously applying both options. All methods can obtain the transmission power gains, however, from the viewpoint of resource efficiency, the power ramping first 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 6: The power ramping should be firstly performed prior to increase the number of the multiple PRACH transmission at the second and further RACH attempt.
Conclusion
In this contribution, we provide our views on further coverage enhancement as below.
Observation 1: From the signalling overhead perspective, the explicit indication of RO group configuration (Option 2) causes excessive information.
Observation 2: The RO group configuration with {start RO, the number of ROs within an RO group} (Option 1) may also suffer from signalling overhead depending on the number of RO groups.
Proposal 1: For RO group determination, the implicit configuration should be supported based on the indication of {FDM index, the number of ROs within an RO group}.
Proposal 2: 
· The time period X for RO group pattern period should be determined by K SSB-to-RO association period.
· One value of time period X should apply to all the configured number(s) of multiple PRACH transmissions.
Proposal 3: For the calculation of the RA-RNTI, the first or last PRACH of the multiple PRACHs in one RACH attempt should be referred.
Proposal 4: For CBRA, SSB-RSRP is the only factor to determine the number of PRACH transmission. 
Proposal 5: Use the SSB-RSRP value measured in the first RACH transmission attempt at the second and further RACH attempts.
Proposal 6: The power ramping should be firstly performed prior to increase the number of the multiple PRACH transmission at the second and further RACH attempt.
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