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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #112 [1], the following agreements were achieved for PRACH coverage enhancements as follows:
	Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details

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.

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.

Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
· Note 1: All ROs in one RO group is associated with the same SSB(s).
· Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
· Note 3: whether/how to define “RO group” in specification will be discussed separately
· Note 4: Valid RO(s) refers to what is defined in existing specification
· FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
· FFS: the time span of RO group.
· FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
· FFS: other details



In this contribution, we discuss PRACH coverage enhancement.
Discussion on multiple PRACH transmission with same beam
1.1     Multiple PRACH transmissions and detection
Differentiation between legacy single PRACH transmission and multiple PRACH transmissions
In RAN1 #111 meeting, two WAs with respect to differentiation between legacy single PRACH transmission and multiple PRACH transmissions were achieved, noted as 
WA1: Support that multiple PRACH are transmitted on separate ROs.
WA2: Support that multiple PRACH are transmitted with separate preamble on shared ROs.
For both WA1 and WA2, it seems Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused. For WA2, no additional RO is needed, it seems to be a good choice in terms of resource utilization. However, we need to review it from at least two more aspects. 
· Firstly, from preamble perspective, the question is: will preamble arrangement be an issue? Currently, preambles have already been divided for variety of usages, e.g., CBRA/CFRA, 2-Setp/ 4-Step RACH procedure, Msg. 3 repetitions and etc. To deal with issue, a feature combination-based mechanism was introduced in Rel-17, i.e., IE FeatureCombination was introduced to indicate a feature or a combination of features to be associated with a set of random access resources (i.e. an instance of FeatureCombinationPreambles). It can be seen that there are still some spare spaces in this IE, which may be used for multiple PRACH transmission. Although may be complex, but from preamble arrangement perspective, Option 1 seems workable. 
· Secondly, from RO perspective, the question is: are there enough ROs for a number of PRACH transmissions with same beam? For current spec, each valid RO is associated with at least one SSB, and current SSB to RO mapping only ensures SSBs are mapped at least once to the PRACH occasions within the association period. It doesn’t ensure the number of ROs to be enough for PRACH repetitions, e.g., 2 or 4 PRACH repetitions. Take PRACH format B4 as an example, part of random access configurations for FR2 as described in TS 38.211 is copied and shown in the following table. It can be known that if FDMed ROs is not considered, the number of ROs in a PRACH configuration period is generally between 4~20, where the maximum number is 40. Consider that the maximum FDM factor is 8, with carefully selection of FDM factor and number of SSB per RO, there may be enough ROs for multiple PRACH transmissions. Thus, from RO perspective, Option 1 seems also workable.
From the above analysis, it can be known that although WA2 is workable, it has some limitations. The mechanism may be a little bit complex and not that flexible. Thus, we suggest that WA2 is not confirmed.
Tab. 1. Part of random access configurations for FR2 and unpaired spectrum from TS 38.211
	PRACH
Config. 
Index
	Preamble format
	
	Slot number
	Starting symbol
	Number of PRACH slots within a 60 kHz slot
	number of time-domain RO within a PRACH slot
	PRACH duration

	
	
	x
	y
	
	
	
	
	

	112
	B4
	16
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	113
	B4
	16
	1,2
	3,7,11,15,19,23,27,31,35,39
	0 
	1
	1
	12

	114
	B4
	8
	1,2
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	115
	B4
	8
	1,2
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	116
	B4
	8
	1,2
	9,19,29,39
	0
	2
	1
	12

	117
	B4
	4
	1
	4,9,14,19,24,29,34,39
	0
	1
	1
	12

	118
	B4
	4
	1
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	119
	B4
	4
	1,2
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	120
	B4
	2
	1
	7,15,23,31,39
	2
	2
	1
	12

	121
	B4
	2
	1
	4,9,14,19,24,29,34,39
	0
	1
	1
	12

	122
	B4
	2
	1
	4,9,14,19,24,29,34,39
	0
	2
	1
	12

	123
	B4
	2
	1
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	124
	B4
	1
	0
	19, 39
	2
	2 
	1
	12

	125
	B4
	1
	0
	17, 19, 37, 39
	0
	1
	1
	12

	126
	B4
	1
	0
	24,29,34,39
	2
	1
	1
	12

	127
	B4
	1
	0
	9,19,29,39
	2
	2 
	1
	12

	128
	B4
	1
	0
	9,19,29,39
	0
	2
	1
	12

	129
	B4
	1
	0
	7,15,23,31,39
	0
	1 
	1
	12

	130
	B4
	1
	0
	7,15,23,31,39
	0
	2
	1
	12

	131
	B4
	1
	0
	23,27,31,35,39
	0
	1
	1
	12

	132
	B4
	1
	0
	23,27,31,35,39
	2
	2
	1
	12

	133
	B4
	1
	0
	9,11,13,15,17,19
	0
	1 
	1
	12

	134
	B4
	1
	0
	3,5,7,9,11,13
	2
	1
	1
	12

	135
	B4
	1
	0
	4,9,14,19,24,29,34,39
	0
	1 
	1
	12

	136
	B4
	1
	0
	4,9,14,19,24,29,34,39
	2
	2
	1
	12

	137
	B4
	1
	0
	13,14,15, 29,30,31,37,38,39
	2
	2
	1
	12

	138
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	1
	1
	12

	139
	B4
	1
	0
	3,7,11,15,19,23,27,31,35,39
	2
	1
	1
	12

	140
	B4
	1
	0
	3, 5, 7, …, 23,25
	2
	1
	1
	12

	141
	B4
	1
	0
	3, 5, 7, …, 23,25
	0
	2
	1
	12

	142
	B4
	1
	0
	1,3,5,7,…,37,39
	0
	1
	1
	12

	143
	B4
	1
	0
	0, 1, 2,…, 39
	2
	1
	1
	12



For WA1, different ROs are utilized to differentiate the multiple PRACH transmissions from legacy single PRACH transmission. There may be two approaches, the first one is to separate the legacy ROs into two parts, one for legacy PRACH transmission, the other part for multiple PRACH transmissions. However, this may cause some non-back forward compatibility issues, meantime it will introduce large spec. impact since it needs to define the partitioning method for different cases.
The second approach is to configure ROs for multiple PRACH transmission without impacting the legacy ROs configured for single PRACH configuration. There are at least two schemes to achieves this:
· Scheme 1: Define some new ROs. One possible way is to determine the separate ROs based on a time or frequency offset and legacy PRACH configuration as illustrated in Fig.1. For time domain offset based resource configuration, an IAB-like approach can be a reference [2], e.g., replace the variable  used in  of random access configuration table by  where  is the time domain offset. It should be noted that, all the ROs should be within a SSB to RO association period. Moreover, keeping in mind the intention of PRACH repetition is to improve the coverage, thus the repetitions should not overlap in time domain to avoid power sharing among repetitions. Another possible way is to configure separate PRACH configurations for different number of PRACH repetitions or different CE levels, similar as the PRACH repetition mechanism introduced for BL/CE UEs [3]. However, it may need pretty much spec. effort since a lot of parameters need to be discussed and specified, including separate time domain/frequency domain resources per each number of repetitions, mapping between SSB and ROs etc.


Fig. 1. Illustration of separate ROs based on a time or frequency offset and legacy PRACH configuration
· Scheme 2: Reuse Rel-17 framework of additional RACH configuration (AdditionalRACH-Config-r17) to configure a separate set of PRACH configurations for multiple PRACH transmissions. For this scheme, it should pay attention to the overlapping between the ROs configured by legacy rach-ConfigCommon and AdditionalRACH-Config-r17. With the overlapping ROs, it becomes some kind of the original Option 3, i.e., partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs, which is not preferred by us. Thus, we suggest that if overlapping ROs exist for Scheme 2, these ROs are only used for single PRACH transmission and not used for multiple PRACH transmissions.
Thus, we have the following proposal.
Proposal 1: Confirm the working assumption with respect to “at least support that multiple PRACH are transmitted on separate ROs”. If agreed, send an LS to RAN2, informing RAN2 of RAN1’s decision and that it is up to RAN2 to decide how to configure RACH resources for Rel-18 multiple PRACH transmissions.

RO group
In RAN1 #112, it was agreed that gNB can configure one or multiple values for the number of multiple PRACH transmissions, and if multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
Similar to the differentiation between single PRACH transmission and multiple PRACH transmissions, either separate preambles or separate ROs are needs to be configured for different number of multiple PRACH transmissions for differentiation.
Moreover, an agreement for “RO group” was also achieved in RAN1 #112. With RO group, the differentiation work is possible to be realized.
Take Fig. 2 as an simple example, each square indicates one RO, the ROs with the same color indicates that these ROs are associated with the same SSB. Then, for each RO group, if the start position and duration is determined, the RO group is then determined.


Fig. 2. Illustration of separate ROs configured for multiple PRACH transmissions
Here, another thing needs to be considered is if multiple values of multiple PRACH transmissions are configured by gNB, whether the ROs for different values of multiple PRACH transmissions can be overlapped. Take the illustration of Fig.2 as an example, consider the network configured  PRACH transmissions, the start position for  is set as . If the overlapping between ROs for different values of multiple PRACH transmissions is not supported, then for , the start position  cannot be . It can be noticed that his limitation may result in a very low resource utilization efficiency. Thus, we prefer that the ROs for different number of multiple PRACH transmissions can be shared, if shared, separate preambles are utilized for differentiation as illustrated in Fig. 3.


Fig. 3. Illustration of ROs shared by different values of multiple PRACH transmissions
Proposal 2: If multiple values of multiple PRACH transmissions are configured, ROs can be shared by different multiple PRACH transmissions, if shared, separate preambles are utilized for differentiation.


Fig. 4. Illustration of another case about separate ROs configured for multiple PRACH transmissions
Previously, a simple example is presented, now we consider a more complex example as shown in Fig. 4. In this case, it can be seen that there are 2 ROs associated with the same SSB at the same time. If RO hopping is supported and enabled, for each RO group, the following parameters {start position in time domain, start position in frequency domain, duration per each hop, hopping offset} are needs to determine the RO group. For example, the start position can be a1 or c1 or e1 or g1, duration for each hop is set as 1 RO, hopping offset is set as 2 ROs in frequency domain. Then, for , RO group for time duration 1~4 includes: {a1, c2, a3, c4}, {c1, e2, c3, e4}, {e1, g2, e3, g4}, {g1, a2, g3, a4}. If RO hopping is “not supported” or “supported but not enables”, then for time duration 1~4 includes the following RO groups: {a1, a2, a3, a4}, {c1, c2, c3, c4}, {e1, e2, e3, e4}, {g1, g2, g3, g4}. Here comes another question, whether RO groups for the same number of multiple PRACH transmission can overlap with each other? We think the answer is no, cause if allowed, it’ll result in some problems. For instance, if RO group 1 is {a1, a2, a3, a4}, RO group 2 is {a3, a4, a5, a6}, UE1 transmit multiple PRACH in RO group, gNB may detect the PRACH transmission in both RO group 1 and RO group 2 if the PRACH transmission on {a3, a4} is already good enough. gNB then needs to transmit RAR for both RO group 1 and RO group 2, which causes waste of transmission resources.
Based on the above analysis, we have the following proposals.
Proposal 3: RO group is specified for multiple PRACH transmissions.
Proposal 4: Overlapping between RO groups for the same number of multiple PRACH transmissions is not supported in Rel-18.
Proposal 5: If RO frequency hopping is supported and enabled, at least the following parameters: {start position in time domain, start position in frequency domain, duration per each hop, hopping offset} are needed to determine the RO groups.
Proposal 6: If RO frequency hopping is not supported or supported but not enabled, at least the following parameters: {start position in time domain, duration} are needed to determine the RO groups.
Next, we consider a special case as shown in Fig.5, where FDMed RO is configured as 4, but 3 SSBs are configured and each of which is associated with one RO. For this case, although the SSB-to-RO mapping pattern is a bit unbalanced, the previous proposed method for RO group determination is still workable. For instance, if RO frequency hopping is supported and enabled, the start position can be a1 or d1 when duration of each hop is set as 2, if hopping offset is set as 2 ROs. Then for , corresponding RO group includes: {a1, a2, c3, c4}, {d1, d2, b5, b6}. Notice that for RO group {a1, a2, c3, c4}, ROs are consecutive in time domain; while for RO group {d1, d2, b5, b6}, ROs are not consecutive. If RO frequency hopping is not supported or if supported but not enabled, then for , RO groups for time duration 1~12 includes: {a1, a2, a7, a8}, {b5, b6, b11, b12}, {c3, c4, c9, c10}, {d1, d2, d7, d8}. 


Fig. 5. Illustration of a special case about separate ROs configured for multiple PRACH transmissions
Determination of the RO group for multiple PRACH transmissions
Based on the network configuration, we now have different sets of RO groups for different number of PRACH transmissions (if multiple values are configured). The next issue is how UE determine one RO group for multiple PRACH transmission. From our perspective, the following steps can be considered:
Step. 1: UE determine the number of PRACH transmissions based on network configuration, i.e., according to the following agreement achieved in RAN1 #111.
	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.


Step. 2: UE determine the RO groups based on network configuration which satisfies the following two conditions: first, the number of ROs of the RO group is the same as the number of PRACH transmissions determined in Step. 1; second, the ROs within the RO group are associated with the same SSB as the SSB selects by the UE during cell search.
Step. 3: UE select one RO group from the determined RO groups in Step. 2 to transmit multiple PRACH within the RO group.
Note: If some RO is dropped due to e.g., dynamic SFI indication, UE then drop the PRACH transmission on this RO and doesn’t extend the PRACH transmission to another RO group.
Thus, we have the following proposal:
Proposal 7: The following steps are supported for the transmission of multiple PRACHs from UE perspective:
· Step. 1: UE determine the number of PRACH transmissions based on network configuration.
· Step. 2: UE determine the RO groups based on network configuration which satisfies the following two conditions: first, the number of ROs of the RO group is the same as the number of PRACH transmissions determined in Step. 1; second, the ROs within the RO group are associated with the same SSB as the SSB selects by the UE during cell search.
· Step. 3: UE select one RO group from the determined RO groups in Step. 2 to transmit multiple PRACH within the RO group.
Note: If some RO within the selected RO group is dropped due to e.g., dynamic SFI indication, UE then drop the PRACH transmission on this RO and doesn’t extend the PRACH transmission to the RO in another RO group.
1.2     Indication and determination of the number of PRACH repetitions
Indication and determination of the number of PRACH repetitions
Since multiple values for the number of multiple PRACH transmissions are supported, to determine the number of PRACH repetitions, some RSRP thresholds may need to be defined, similar as the mechanism defined for NB-IoT UE and BL/CE UEs in enhanced coverage. Take three RSRP thresholds as an example, namely RSRP0, RSRP1 and RSRP2, where RSRP0 >RSRP1 >RSRP2. Meantime, the network configures a set of PRACH repetitions as {R0, R1, R2}, where R2 >R1 >R0. It should be noted that “R0, R1, R2” can be selected from a larger value set, e.g., {R0, R1, R2, R3, R4, R5…}. Then, if the UE measured RSRP is less than RSRP2, the number of PRACH repetitions is determined as R2; else if the UE measured RSRP is less than RSRP1, the number of PRACH repetitions is determined as R1; else if the UE measured RSRP is less than RSRP0, the number of PRACH repetitions is determined as R0; else, no PRACH repetition is performed, legacy PRACH transmission is followed.
Moreover, as discussed during RAN1 #110-e meeting, some companies propose that multiple PRACH transmission is only applied when the transmission power or number of PRACH retransmissions reaching a threshold. From our point of view, we think this may bring much latency as: UE first performs legacy PRACH transmission, if failed for several times, then it applies multiple PRACH transmission. We think this is not straightforward. We prefer to directly use the SSB-RSRP to determine the number of multiple PRACH transmission.
Proposal 8: Only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt. The number of configured SSB-RSRP threshold(s) is the same as the number of configured values for multiple PRACH transmissions.
1.3     RAR window and RA-RNTI calculation
RAR window
In current spec., UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a RAR window after the PRACH transmission. If PRACH repetition is enabled, the design of RAR window may need to be modified. Based on the agreement in RAN1 #112, it was agreed that only one RAR window is supported for RAR monitoring for one RACH attempt, but the start position of the window was left as FFS. Basically, there are two options for the start position of RAR window as follows:
· Option 1: The start position of the window is after the first PRACH transmission.
· Option 2: The start position of the window is after the last PRACH transmission.
For Option 1, as illustrated in Fig.6, the RAR window needs to cover all the PRACH transmissions. Currently, the length of RAR window defined in TS 38.331 follows that: lower than or equal to 10 ms when Msg2 is transmitted in licensed spectrum and lower than or equal to 40 ms when Msg2 is transmitted with shared spectrum channel access. The length of SSB to RO association period is within the set of {10, 20, 40, 80, 160} ms. It can be then seen that a single RAR window with current length maybe hard to cover all the repetitions. Thus, if Option 1 is selected, the length of RAR window needs to be extended, which means the UE need to monitor the larger size of RAR window. Moreover, since we have the concept of RO group, the multiple PRACH transmissions can be deemed as a whole. A straightforward approach would be started the RAR window after the RO group. Thus, we can’t see the benefit of Option 1 over Option 2.


Fig. 6. Illustration of Option 1
For Option 2, as illustrated in Fig.7. The RAR window design can largely follow the legacy one. Mainly two issues need to be discussed. The first issue is about the start position of RAR window, it can be simply redefined as after the last PRACH repetitions. As the concept of “RO group” is introduced, then the start position of RAR window can be after the corresponding RO group. The second issue is about the RA-RNTI calculation, a pre-defined rule is needed. For example, we can use the RA-RNTI calculated based on one of the predefined RPACH repetition, e.g., the first or last PRACH repetition.


Fig. 7. Illustration of Option 2
Proposal 9: RAR window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the last PRACH occasion corresponding to the multiple PRACH transmission.
RA-RNTI
According to current spec. TS 38.321, RA-RNTI is calculated as follows:
	RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).



For multiple PRACH transmissions, we prefer single RA-RNTI for multiple PRACH transmissions within one RAR window, i.e., UE attempts to detect a DCI format 1_0 with CRC scrambled by one of the multiple RA-RNTI candidates during a RAR window, the corresponding RA-RNTI is calculated based on the last PRACH occasion corresponding to the multiple PRACH transmission. Thus, we have the following proposal.
Proposal 10: For multiple PRACH transmissions, UE attempts to detect a DCI format 1_0 with CRC scrambled by the RA-RNTI calculated based on the last PRACH occasion corresponding to the multiple PRACH transmission during a RAR window.
1.4     PRACH repetition pattern
Multiple PRACH transmissions over FDM/CDM-ROs in the same time instance
In order to improve the coverage performance, PRACH repetitions should not overlap in time domain to avoid power sharing among repetitions. Even if the UE has 2 Tx chains and has the capability to transmit FDM-ed ROs, we still prefer not to support multiple PRACH transmissions over FDM-ROs in the same time instance, or within the same RO with different preambles. We think this will cause much trouble for RO group configuration and gNB detection. Moreover, we think the motivation of such transmission is not clear. Thus, we have the following proposal.
Proposal 11: Multiple PRACH transmissions over FDM-ROs in the same time instance is not supported in Rel-18.
Proposal 12: Multiple PRACH transmissions within one RO with different preambles is not supported in Rel-18.
RO frequency hopping for multiple PRACH transmissions
As discussed before, with the introduction of “RO group”, RO frequency hopping can be realized via RO group configuration. In this case, if the hopping can be enabled/disabled, the blind detection complexity at gNB side is not increased. If it goes this way, we are OK to support frequency hopping for multiple PRACH transmissions.
It should be noted that there is a special case as shown in Fig. 5. For ROs {a1, a2, c3, c4, b5, b6, a7, a8}, it is not a case for frequency hopping for multiple PRACH transmissions.
1.5     SSBs to ROs mapping
For current SSB to RO mapping, it follows the following order:
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
It is known that the number of SS/PBCH block indexes associated with one PRACH occasion is determined by higher layer parameter SSB-PerRACH-OccasionAndCB-PreamblesPerSSB for 4-step RACH. Assume a number N of SS/PBCH block indexes associated with one PRACH occasion is provided, then N can be smaller than 1, equal to or larger than 1.
For , for example, assume , then it indicates that one SSB is mapped to 4 ROs. To reduce the access latency, the network can configure FDM-ed ROs by Msg1-FDM, for example, configure Msg1-FDM=4. If we consider 4 SSBs, then follows current SSB to RO mapping order, the pattern is illustrated in Fig. 6. Since the mapping to FDMed ROs is prior to TDMed ROs, which may result in less consecutive ROs associated with the same SSB(s) in time domain. Thus, it can be seen that there may be barely TDMed ROs for multiple PRACH transmissions.


Fig. 6. Illustration of current SSB to RO mapping
For , it indicates multiple SSBs are mapped to 1 RO. If FDMed ROs are configured at the same time, then it requires gNB to detect multiple SSBs in a same time instance. For FR2, since analog beamforming is generally utilized at the gNB side, it’s hard to generate many beam directions in the same time. Thus, this kind of configuration may not practical compares to the previous one.
Based on the above analysis, it can be known that for multiple PRACH transmissions, a “TDMed prior to FDMed” SSB to RO mapping approach may be more appropriate. Thus, we have the following proposal.
Proposal 13: If new ROs are defined for multiple PRACH transmissions, SSB indexes are mapped to valid PRACH occasions in the following order:
First, in increasing order of preamble indexes within a single PRACH occasion
Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
Third, in increasing order of indexes for PRACH slots
Fourth, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
1.6     Retransmission of Multiple PRACH transmissions
The number of PRACH transmissions for PRACH retransmission
For retransmission for multiple PRACH transmissions, if SSB or CSI-RS selected is not changed from the selection in the last random access preamble transmission, we think the number of PRACH retransmissions in one RACH attempt can be equal to or larger than the previous multiple PRACH transmissions. It depends on the configured number of multiple PRACH transmissions. Else, the number of multiple PRACH retransmissions is determined in the same way as first RACH attempt.
On the other hand, in case some UE is under very poor coverage, it continues to perform large number of multiple PRACH transmissions, it will cause continuing interference and increase the possibility of collision. To deal with this issue, we think the maximum number of RACH attempts for multiple PRACH transmissions should be limited and less than that for single PRACH transmission.
Proposal 14: If SSB or CSI-RS selected is not changed from the selection in the previous multiple PRACH transmissions, the number of PRACH retransmissions in one RACH attempt is equal to or larger than that of the previous multiple PRACH transmissions. Else, the number of multiple PRACH retransmissions in one RACH attempt is determined in the same way as first RACH attempt.
Proposal 15: The maximum number of RACH attempts for multiple PRACH transmissions should be limited and less than that for single PRACH transmission.
Power control 
As we discussed in Section 2.5, the power ramping can be applied between different RACH attempts. For detailed power calculation for each PRACH retransmissions, we think the power control calculation for coverage enhancement in eMTC can be a starting point as follows:
· Firstly, set PREAMBLE_RECEIVED_TARGET_POWER to: preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
· Secondly, set PREAMBLE_RECEIVED_TARGET_POWER to: PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt);
· Thirdly, the transmission power of each PRACH transmission is calculated as 
where PREAMBLE_TRANSMISSION_COUNTER is a counter for power ramping; numRepetitionPerPreambleAttempt indicates the number of multiple PRACH transmissions.
Proposal 16: The power for multiple PRACH transmissions and retransmissions can be calculated as follows:
Firstly, set PREAMBLE_RECEIVED_TARGET_POWER to: preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
Secondly, set PREAMBLE_RECEIVED_TARGET_POWER to: PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt);
Thirdly, the transmission power of each PRACH transmission is calculated as 

1.7     RRC parameter
This section discusses RRC parameters for multiple PRACH transmissions. Based on current agreement, it can be seen that at least the following parameters needs to be introduced:
· The values of multiple PRACH transmission configured by gNB, including {2, 4, 8}.
· The SSB-RSRP thresholds to determine the number of multiple PRACH transmissions.
· RO group related parameters.
Proposal 17: Introduce the following RRC parameters for multiple PRACH transmissions: the values of multiple PRACH transmission configured by gNB (including {2, 4, 8}), the SSB-RSRP thresholds to determine the number of multiple PRACH transmissions, RO group related parameters.
Discussion on multiple PRACH transmission with different beams
In RAN1 #112, the following conclusion was made.
	Conclusion
For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.
Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).



Then, if multiple PRACH transmissions w/ different beam is supported, most of the mechanism defined for multiple PRACH transmissions w/ the same beam seems can be reused. If no different beam-specific optimization is involved, from network perspective, it seems not much difference in progress between multiple PRACH transmission w/ the same or different beam(s).
Thus, the benefit of multiple PRACH transmissions mainly lies in two aspects: firstly, if beam correspondence is not supported, compared with multiple PRACH transmissions w/ the same beam, some performance gain may be achieved by multiple PRACH transmissions w/ different beams; secondly, if different beam-specific optimization is supported, e.g., best UL beam indication, it may benefit the subsequent UL transmission for random access.
Considering there are only 3 RAN1 meetings left including this one, and there are a lot of issues not settled for multiple PRACH transmissions w/ the same beam. We think main effort should be paid to the work for multiple PRACH transmissions w/ the same beam. If multiple PRACH transmissions w/ different beams is supported, the mechanism defined for multiple PRACH transmissions w/ the same beam should be reused as much as possible and no different beam-specific optimization is supported in Rel-18.
Conclusions
In this contribution, we discuss PRACH coverage enhancement and have following proposals:
Proposal 1: Confirm the working assumption with respect to “at least support that multiple PRACH are transmitted on separate ROs”. If agreed, send an LS to RAN2, informing RAN2 of RAN1’s decision and that it is up to RAN2 to decide how to configure RACH resources for Rel-18 multiple PRACH transmissions.
Proposal 2: If multiple values of multiple PRACH transmissions are configured, ROs can be shared by different multiple PRACH transmissions, if shared, separate preambles are utilized for differentiation.
Proposal 3: RO group is specified for multiple PRACH transmissions.
Proposal 4: Overlapping between RO groups for the same number of multiple PRACH transmissions is not supported in Rel-18.
Proposal 5: If RO frequency hopping is supported and enabled, at least the following parameters: {start position in time domain, start position in frequency domain, duration per each hop, hopping offset} are needed to determine the RO groups.
Proposal 6: If RO frequency hopping is not supported or supported but not enabled, at least the following parameters: {start position in time domain, duration} are needed to determine the RO groups.
Proposal 7: The following steps are supported for the transmission of multiple PRACHs from UE perspective:
· Step. 1: UE determine the number of PRACH transmissions based on network configuration.
· Step. 2: UE determine the RO groups based on network configuration which satisfies the following two conditions: first, the number of ROs of the RO group is the same as the number of PRACH transmissions determined in Step. 1; second, the ROs within the RO group are associated with the same SSB as the SSB selects by the UE during cell search.
· Step. 3: UE select one RO group from the determined RO groups in Step. 2 to transmit multiple PRACH within the RO group.
Note: If some RO within the selected RO group is dropped due to e.g., dynamic SFI indication, UE then drop the PRACH transmission on this RO and doesn’t extend the PRACH transmission to the RO in another RO group.
Proposal 8: Only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt. The number of configured SSB-RSRP threshold(s) is the same as the number of configured values for multiple PRACH transmissions.
Proposal 9: RAR window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, that is at least one symbol, after the last symbol of the last PRACH occasion corresponding to the multiple PRACH transmission.
Proposal 10: For multiple PRACH transmissions, UE attempts to detect a DCI format 1_0 with CRC scrambled by the RA-RNTI calculated based on the last PRACH occasion corresponding to the multiple PRACH transmission during a RAR window.
Proposal 11: Multiple PRACH transmissions over FDM-ROs in the same time instance is not supported in Rel-18.
Proposal 12: Multiple PRACH transmissions within one RO with different preambles is not supported in Rel-18.
Proposal 13: If new ROs are defined for multiple PRACH transmissions, SSB indexes are mapped to valid PRACH occasions in the following order:
First, in increasing order of preamble indexes within a single PRACH occasion
Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
Third, in increasing order of indexes for PRACH slots
Fourth, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
Proposal 14: If SSB or CSI-RS selected is not changed from the selection in the previous multiple PRACH transmissions, the number of PRACH retransmissions in one RACH attempt is equal to or larger than that of the previous multiple PRACH transmissions. Else, the number of multiple PRACH retransmissions in one RACH attempt is determined in the same way as first RACH attempt.
Proposal 15: The maximum number of RACH attempts for multiple PRACH transmissions should be limited and less than that for single PRACH transmission.
Proposal 16: The power for multiple PRACH transmissions and retransmissions can be calculated as follows:
Firstly, set PREAMBLE_RECEIVED_TARGET_POWER to: preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
Secondly, set PREAMBLE_RECEIVED_TARGET_POWER to: PREAMBLE_RECEIVED_TARGET_POWER - 10 * log10(numRepetitionPerPreambleAttempt);
Thirdly, the transmission power of each PRACH transmission is calculated as 
Proposal 17: Introduce the following RRC parameters for multiple PRACH transmissions: the values of multiple PRACH transmission configured by gNB (including {2, 4, 8}), the SSB-RSRP thresholds to determine the number of multiple PRACH transmissions, RO group related parameters.
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