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Introduction
[bookmark: P3]In this contribution, we discuss remaining issues on the PRACH coverage enhancements. 
[bookmark: Proposal1]Remaining issues on PRACH coverage enhancement
PRACH Mask index
PRACH mask index is used to indicate PRACH resources in CFRA such as handover, PRACH order, two step RACH, feature combination and so on. In legacy PRACH transmission, PRACH mask index normally indicates one RACH occasion, and additionally, every even/odd RACH occasion can be indicated depending on the usage. The current PRACH mask index values, however, are not able to cope with multiple PRACH transmissions since it can indicate only one RO per an indication. Moreover, the ‘even’ and ‘odd’ number of RO indication is not fit well into multiple PRACH transmission.
Observation 1: PRACH Mask index for the legacy PRACH transmission does not fit well into the multiple PRACH transmission.
As potential solutions, we can consider two options as follows:
· Option 1: Define new PRACH mask index values by using the reserved values in the PRACH mask index Table 7.4-1 of TS 38.321.
· Option 2: Reuse the current PRACH mask index values by treating the indicated value as one (e.g., first / last) RO of the RO group.
For Option 1, we can define the new mask index values corresponding the use cases for the multiple PRACH transmissions. However, since this method might not cover all scenarios for multiple PRACH transmissions, it takes much time to discuss about what values should be defined. On the other hand, Option 2 allows us to easily represent the RO group with the PRACH mask index with minimal standardization effort while the UE may require additional procedure to distinguish the RO group when the RO groups with different repetition numbers are fully overlapped. Considering the limited discussion time and minimal standardization efforts, we propose that the legacy PRACH Mask index value should be reused by treating the indication values as the one RO (e.g., first / last RO) of the RO group.
Proposal 1: The legacy PRACH Mask index value should be reused by treating the indication values as the one RO (e.g., first / last RO) of the RO group.
Clarification of PRACH mask index indication for multiple PRACH transmissions
For PRACH mask index indication of single PRACH transmissions, the legacy UE selects for a PRACH transmission an RO indicated by PRACH mask index value for the indicated SSB index in the first available mapping cycle. If indication of PRACH mask index for single PRACH transmission is reused for multiple PRACH transmissions as we discussed in previous section, there may be a case that ROs indicated by PRACH mask index in a mapping cycle are NOT included in any RO group but PRACH mask index may indicate such ROs. This is because the UE should select the RO indicated by PRACH mask index in first available mapping cycle. An example is shown in Fig. 1. There are 3 SSB indexes, each SSB index is mapped to 2 ROs (i.e., onehalf), msg1-FDM is 4, and the repetition number is 4 for the multiple PARCH transmissions. The RO group for multiple PRACH transmissions is configured on the same frequency resource according to the agreement. Based on this assumption, the ROs associated with SSB 0 can be determined a set of 4 preamble repetitions in orange block in Fig.1. On the other hand, the ROs associated with SSB 0 in green block cannot form a set of valid ROs for 4 preamble repetitions due to lack of ROs for 4 repetitions. As aforementioned, UE select ROs indicated by PRACH mask index in the first available mapping cycle, when the mapping cycle with ROs in green box is the first available mapping cycle according to SSB-to-RO mapping rules, the UE will select the ROs with green box for 4 repetitions by the PRACH mask index in Association period#1 of Association pattern period#1 in Fig.1, then the UE cannot transmit 4 preambles repetitions as the selected RO is not included in any RO group. 


Figure 1. The indicated RO group by PRACH mask index.
Therefore, it is necessary to clarify the PRACH mask index indication for multiple PRACH transmission to avoid for a UE to select inappropriate ROs based on PARCH mask index indication for preamble repetitions. One may handle this case as an error case. However, since the UE should select the RO in the “first” mapping cycle, it is difficult to control the timing for the RO selection. Moreover, this is also applicable when the time offset is configured. The time offset makes some gap between RO groups, but when the PRACH mask index indicates the RO within the gap, the UE behaviour is not defined. In other words, the PRACH performance significantly degrades if we treat such case as an error case. As a candidate solution, the UE should reselect an RO included in an RO group in next available mapping cycle according to PRACH mask index. Based on our analysis together with Proposal 1, we propose the Text Proposal#1 for 38.213 below to clarify the PRACH mask index indication for multiple PRACH transmissions.
	Text Proposal #1 for TS38.213
------ Unchanged parts are omitted ------
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with preamble repetitions a set of  valid ROs for the indicated SS/PBCH block index where the first valid PRACH occasion of the set is indicated by PRACH mask index value in the first available mapping cycle.
------ Unchanged parts are omitted ------



Proposal 2: Adopt Text Proposal#1 for TS38.213 to clarify the PRACH mask index indication for multiple PRACH transmissions.
Time offset configuration
The candidate time offset values within the time period X for RO density control were proposed in the RAN1#114b meeting but there was no consensus for that.
	Agreement
The candidate value of TimeOffsetBetweenStartingRO-r18 is proposed as below
· {16, [32]}, for RO groups for 8 repetitions
· {8, 16, [32]}, for RO groups for 4 repetitions
· {4, 8, [16, 32]}, for RO groups for 2 repetitions


For the consideration of the purpose of the time offset, we think it is better to categorize with dense, medium and sparse RO group configuration depending on the cell requirement. With the dense RO group configuration, the UE with the capability for the multiple PRACH transmission can have more opportunities to transmit multiple PRACHs while that of the legacy UEs will decrease proportionally, and vice versa for the sparse RO group configuration, respectively. One may want to configure only one RO group in the time period. This configuration is reasonable because the contention rate against the legacy PRACH transmission can decrease, and the gNB can reserve multiple PRACH transmission resources for the UE who suffers from the coverage issue, and thus the resources can be used efficiently in the cell. On top of that, it is important to have a smaller number of time offset values as possible due to the test case/burden increase. Based on our analysis above, we propose that the candidate values of TimeOffsetBetweenStartingRO-r18 for the consideration of dense, medium and sparse RO density are
· {10, 16, 20, Sole} for RO groups for 8 repetitions
· {6, 8, 16, Sole} for RO groups for 4 repetitions
· {4, 8, 16, Sole} for RO groups for 2 repetitions
· Note: ‘Sole’ means only one RO group in a time period.
Proposal 3: The candidate values of TimeOffetBetweenStartingRO-r18 are
· {10, 16, 20, Sole} for RO groups for 8 repetitions
· {6, 8, 16, Sole} for RO groups for 4 repetitions
· {4, 8, 16, Sole} for RO groups for 2 repetitions
· Note: ‘Sole’ means only one RO group in a time period.
Text proposals on draft CR of TS38.213
RO group ordering
Following agreement about the time offset was made in RAN1#114 meeting.
	Agreement
For a given number of N multiple PRACH transmissions, to determine the starting RO of all the RO groups within a time period X:
· If a time offset is configured, then
· the starting RO of the first RO group for each  is determined from the first valid RO within the time period X, first in increasing order of frequency resource index for frequency multiplexed PRACH occasions; second in increasing order of time resource index.
· the starting RO of the n-th RO group for each  is determined as the RO at the time offset equal to a number of valid ROs from the starting RO of the (n-1)-th RO group for the same .
· If time offset is not configured, then 
· the starting RO of the first RO group is the first valid RO within the time period X.
· the starting RO of other RO groups are determined as the first valid RO after the previous RO group in the following order within the time period X: first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes.



The RO group ordering is described in the agreement marked as yellow, however it is reflected in the current specification only for the case that the time offset is configured but not for the case that the time offset is not configured. Therefore, we propose to adopt Text Proposal#2 for TS38.213 to reflect the RO group ordering for the case that TimeOffetBetweenStartingRO-r18 is not configured.
[bookmark: OLE_LINK6]Proposal 4: Adopt Text Proposal#2 for TS38.213 to reflect the RO group ordering for the case that TimeOffetBetweenStartingRO-r18 is not configured.
Conclusion
In this contribution, we provide our view as below.
Observation 1: PRACH Mask index for the legacy PRACH transmission does not fit well into the multiple PRACH transmission.
Proposal 1: The legacy PRACH Mask index value should be reused by treating the indication values as the one RO (e.g., first / last RO) of the RO group.
Proposal 2: Adopt Text Proposal#1 for TS38.213 to clarify the PRACH mask index indication for multiple PRACH transmissions.
	Text Proposal #1 for TS38.213
------ Unchanged parts are omitted ------
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle. The UE selects for a PRACH transmission with preamble repetitions a set of  valid ROs for the indicated SS/PBCH block index where the first valid PRACH occasion of the set is indicated by PRACH mask index value in the first available mapping cycle.
------ Unchanged parts are omitted ------



Proposal 3: The candidate values of TimeOffetBetweenStartingRO-r18 are
· {10, 16, 20, Sole} for RO groups for 8 repetitions
· {6, 8, 16, Sole} for RO groups for 4 repetitions
· {4, 8, 16, Sole} for RO groups for 2 repetitions
· Note: ‘Sole’ means only one RO group in a time period.
Proposal 4: Adopt Text Proposal#2 for TS38.213 to reflect the RO group ordering for the case that TimeOffetBetweenStartingRO-r18 is not configured.
	[bookmark: _Hlk149817666]Text Proposal #2 for TS38.213
------ Unchanged parts are omitted ------
Within a time period, for set(s) of  valid PRACH occasions associated with an SS/PBCH block for a PRACH transmission with  preamble repetitions  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
[bookmark: _Hlk144760579]-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion of the previous set 
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions 
-	otherwise,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after the ROs determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions 
------ Unchanged parts are omitted ------
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