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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#114, the agenda of CovEnh - PRACH enhancement has been completed and mainly TS38.213 capture the previous agreements on the CovEnh - PRACH [1]. In this contribution, we share the view of remaining issues on CovEnh - PRACH for Rel-18 coverage enhancement.
Discussions
Mask for multiple PRACH transmissions
In current specifications, mask index for RO can be provided by RRC parameters or PDCCH order. For the RRC parameters, ssb-SharedRO-MaskIndex provided in featureCombinationPreabmles can be applied to ROs for CBRA and ra-ssb-OccasionMaskIndex can be applied to RO s for CFRA in several use cases. The mask index indicated by these parameters are as following and it is applied per RO mapping cycle
	38.321 Table 7.4-1: PRACH Mask Index values
	PRACH Mask Index/
msgA-SSB-SharedRO-MaskIndex/
ssb-SharedRO-MaskIndex
	Allowed PRACH occasion(s) of SSB

	0
	All

	1
	PRACH occasion index 1

	2
	PRACH occasion index 2

	3
	PRACH occasion index 3

	4
	PRACH occasion index 4

	5
	PRACH occasion index 5

	6
	PRACH occasion index 6

	7
	PRACH occasion index 7

	8
	PRACH occasion index 8

	9
	Every even PRACH occasion

	10
	Every odd PRACH occasion

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved






When PRACH mask index is applied for PRACH repetition, following 3 typical cases can be considered.
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Figure 1: example of RO masking (msg1-FDM:8, ssb-PerRACH-Occasion: 1/4, mask index: 1)
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Figure 2: example of RO masking (msg1-FDM:2, ssb-PerRACH-Occasion: 1/8, mask index: 10)
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Figure 3: example of RO masking (msg1-FDM:2, ssb-PerRACH-Occasion: 1/8, mask index: 1)
Figure 1 shows the case one RO mapping cycle is confined in one time instance. In this case, masked/unmasked ROs are same between different time instance and there is no case to mask a part of ROs for a RO group. Figure 2 shows the case on RO mapping cycle is across multiple time instance, and mask index indicates every even ROs or every odd ROs. Also in this case, if msg1-FDM > 2, there is no case to mask a part of ROs for a RO group. Therefore, in these 2 cases, the RO masking works well for PRACH repetition without partial dropping.
On the other hand, as shown in figure 3, if the mask index indicates a specific RO index in the same case with figure 2, the masked RO and unmasked RO is different between different time instance and most of ROs for a RO group are masked. Although allowance of the PRACH transmission with the part of ROs maximize the applicability of RO masking, we doubt such case is really desirable since more than half of valid ROs for  preamble repetitions are dropped. Moreover, it impacts on not only RO masking description part but also for other parts such as starting point of RAR window and RA-RNTI calculation. If dropped ROs by the RO masking is used for them, it may cause collision issue with other feature combination if the masked RO is allocated for the feature combination. 
Considering above, for preamble repetition case, we prefer not to consider the RO masking for separating with ROs for other UE/feature combination in time domain (as shown in Figure 3) but only those for separating in frequency domain (as shown in Figure 1 and Figure 2).
Observation 1: For PRACH transmission with preamble repetitions, masking of a part of the preamble repetitions (as the case of Figure 3) results in none of RO groups achieving full repetitions, and therefore it is not an appropriate setting.
When we see TS 38.213, the RO masking related descriptions are as below.
	8.1	Random access preamble
Physical random access procedure for a UE is triggered upon request of a PRACH transmission by higher layers or by a PDCCH order for a cell. A configuration by higher layers for a PRACH transmission includes the following: 
-	A configuration for PRACH transmission on the cell [4, TS 38.211]. 
-	A preamble index, a preamble SCS, , a corresponding RA-RNTI when applicable [11, TS 38.321], and a PRACH resource for the cell. 
-	A number of  preamble repetitions for the PRACH transmission if the UE would transmit the PRACH with repetitions. 
============== Omitted ==============
For a random access procedure associated with a feature combination indicated by FeatureCombinationPreambles, a UE is provided a number  of SS/PBCH block indexes associated with one PRACH occasion by ssb-perRACH-OccasionAndCB-PreamblesPerSSB or msgA-SSB-PerRACH-OccasionAndCB-PreamblesPerSSB when provided and a number  of contention based preambles per SS/PBCH block index per valid PRACH occasion by startPreambleForThisPartition and numberOfPreamblesPerSSB-ForThisPartition. The PRACH transmission can be on a subset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle for a UE provided with a PRACH mask index by ssb-SharedRO-MaskIndex according to [11, TS 38.321].
============== Omitted ==============
For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is indicated by ra-ssb-OccasionMaskIndex which indicates the PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected SS/PBCH block index.



Regarding yellow highlighted part, for single PRACH transmission case, this sentence implies UE select a RO for PRACH transmission from unmasked ROs. On the other hand, for preamble repetition case, as we clarified in previous contribution [3], the wording of “a/the PRACH transmission” means “preamble repetitions with (nominal) configured number of repetitions (i.e.  preamble repetitions)”. In that sense, the yellow highlighted part specifies that  preamble repetitions (i.e. RO group) can be transmitted on a RO group where none of ROs in the RO group are masked and a part of the preamble repetitions is not be dropped by the RO masking.
Observation 2: Based on the current specification description for RO masking, UE can transmit PRACH transmission with preamble repetitions only on a RO group where none of ROs in the RO group is masked.
Therefore, current specification implies to exclude the case of RO masking which drops a part of the preamble repetitions and following proposal should be clarified for the RO masking with preamble repetitions.
Proposal 1: UE can transmit PRACH transmission with preamble repetitions only on a RO group where none of ROs in the RO group is masked.
· No spec change is necessary.

Remaining issues on multiple PRACH
Issue 1: Time offset
In RAN1#114, it was agreed introduce time offset between RO groups and following agreement for the details was obtained in RAN1#114bis.
	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

	Next thing is about the candidate value of each repetition number, I list all the values that proposed by companies as follows, companies can take it as a reference.
· {10,16, 20, 32}, for RO groups for 8 repetitions
· {5/6, 8, 16, 32}, for RO groups for 4 repetitions
· {4, 8,16, 32}, for RO groups for 2 repetitions


In our understanding, the time offset is used for density control, and it mainly contributes network operation for monitoring multiple PRACH transmissions. However, this time offset is applied only within a time period X and the use case is quite limited.
For example, for RO groups for 8 repetitions, there are multiple RO groups within a time period X only when one “PRACH configuration period” has more than 16 ROs per SSB (otherwise, the time period X is implicitly determined to have only one RO group in the period). However, current PRACH configuration supports maximum 40 ROs (for FR2 format B4) in time domain “for all SSBs” and the number of RO groups in time domain are not many. In such case, we do not find the necessity to have many candidate values for the time offset from density control (i.e. number of RO groups) perspective. Just, to minimize the number of RO groups (i.e. 1 RO group) within a time period X, it is valid to have 1 large time offset value (can be “32” or larger).
For 2 repetitions and 4 repetitions, there are more use cases of time offset since the time period X can be determined based on larger number of repetitions. However, the proposed values in last meeting such as “5/6” for 4 repetitions is quite close to no time offset case (it means time offset = 4) and the benefit on the density within a time period seems to be marginal.
Therefore, in conclusion, we support to have candidate values including the values with bracket agreed in last meeting and no additional values is not necessary.
Proposal 2: The candidate value of TimeOffsetBetweenStartingRO-r18 is 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
Issue 2: Order of RO group determination
In previous meeting following was agreed to determine the starting RO of a RO group.
	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.
Agreement
Add the following notes to the above agreement:
Note1: “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.” is illustrated as in the following figure (N=2, for ROs associated with SSB#0). This works for both Alt.1 and Alt.2 for the starting RO determination.


In our understanding, the description of ordering (yellow highlighted parts) is captured to avoid the ambiguous of the RO group positions if the position of RO group impact on another RO group in different frequency index. However, in current RO group determination procedure, the determination of RO group position is independent between different frequency indices. Although the ordering may be required to indicate one RO group by network, there is no such functionality for both CBRA and CFRA in current specification. Therefore we proposed to remove the description about the ordering as long as the frequency/time location of each starting RO for the RO groups is uniquely identified.
Observation 3: For multiple PRACH transmissions, the order of RO groups is not necessary, as long as the frequency/time location of each starting RO for the RO groups is uniquely identified.
Proposal 3: Apply following TP to TS 38.213
	[bookmark: _Hlk149841475]8.1 Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions 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 ***



Issue 4: Rules causing to drop PRACH transmissions
As we clarified in previous contribution [3], the wording of “a/the PRACH transmission” in TS 38.213 means “preamble repetitions with (nominal) configured number of repetitions (i.e.  preamble repetitions). Based on the interpretation, the following description regarding the gap for processing of UL transmission cancellation need to be considered.
	8.1	Random access preamble
============== Omitted ==============
For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214].


Regarding the above part, if we consider “a PRACH transmission” as a set of repeated PRACH transmissions, “the first or last symbol of a PRACH transmission” could be considered as “the first symbol of the first PRACH in the set of repeated PRACH transmissions or the last symbol of the last PRACH in the set of repeated PRACH transmissions”. For the case of multiple PRACH transmission, the appropriate behaviour should be based on “the first or last symbol of each PRACH for a PRACH transmission”.
Observation 4: For multiple PRACH transmission case, the gap handling between PRACH and PUSCH/PUCCH/SRS should be handled for each repetition.
· It should be clarified “a PRACH transmission” in this part corresponds to every single repetition in a set of repeated PRACH transmissions.
Proposal 4: Apply following TP to TS 38.213
	8.1 Random access preamble
*** Unchanged parts are omitted ***
For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214]. For a PRACH transmission with  preamble repetitions, this applies to each PRACH for the  preamble repetitions.
*** Unchanged parts are omitted ***



Issue 5: Power ramping counter
In a PRACH transmission with  preamble repetitions, there is a case that a part of  preamble repetitions is dropped. In such case, whether to suspend the power ramping counter has been discussed and following was proposed by FL.
	Draft proposal by FL [2]
For multiple PRACH transmissions with the same Tx beam, Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped or with reduced transmit power. Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.


In our understanding, though the number of repetitions decrease, the transmission power of a preamble transmission is kept (except reduction due to power allocation). Therefore, we prefer to keep power ramping procedure irrespective of the number of actual repetitions (except for all dropped case).
Proposal 5: Power ramping counter is suspended when PRACH transmissions in all of PRACH occasions are dropped.
· the power ramping counter is not suspended when PRACH transmissions in a part of PRACH occasions are dropped
Issue 6: Coupling between PRACH repetition and Msg3 repetition
In previous meetings, there was a proposal to request Msg3 repetition by default if multiple PRACH transmission is performed. However, in our understanding, when PRACH repetitions is applied one feature for feature combination, the feature of PRACH repetition is indicated by featureCombination independently of Msg3 repetition request. Therefore, whether to perform Msg3 repetition request and/or PRACH repetition is configured per featureCombinationPreambles and any default behaviour or coupling between PRACH repetition and Msg3 repetition is not necessary.
Observation 5: For a random access preamble, whether one or more features including PRACH repetition and Msg3 repetition request are associated or not is explicitly configured by featureCombination in featureCombinationPreabmles.
Proposal 6: Coupling between PRACH repetition and Msg3 repetition is not necessary.

Conclusion
In this contribution, we have the following observations and proposals:
Observation 1: For PRACH transmission with preamble repetitions, masking of a part of the preamble repetitions (as the case of Figure 3) results in none of RO groups achieving full repetitions, and therefore it is not an appropriate setting.
Observation 2: Based on the current specification description for RO masking, UE can transmit PRACH transmission with preamble repetitions only on a RO group where none of ROs in the RO group is masked.
Proposal 1: UE can transmit PRACH transmission with preamble repetitions only on a RO group where none of ROs in the RO group is masked.
· No spec change is necessary.
Proposal 2: The candidate value of TimeOffsetBetweenStartingRO-r18 is 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
Observation 3: For multiple PRACH transmissions, the order of RO groups is not necessary, as long as the frequency/time location of each starting RO for the RO groups is uniquely identified.
Proposal 3: Apply following TP to TS 38.213
	8.1 Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions within a time period for  preamble repetitions associated with an SS/PBCH block  
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions in time from the first valid PRACH occasion corresponding to the previous  preamble repetitions
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions
-	the first valid PRACH occasion of the first  preamble repetitions is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent  preamble repetitions, if any, is determined after the ROs determined for the previous  preamble repetitions 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 ***



Observation 4: For multiple PRACH transmission case, the gap handling between PRACH and PUSCH/PUCCH/SRS should be handled for each repetition.
· It should be clarified “a PRACH transmission” in this part corresponds to every single repetition in a set of repeated PRACH transmissions.
Proposal 4: Apply following TP to TS 38.213
	8.1 Random access preamble
*** Unchanged parts are omitted ***
For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214]. For a PRACH transmission with  preamble repetitions, this applies to each PRACH for the  preamble repetitions.
*** Unchanged parts are omitted ***



Proposal 5: Power ramping counter is suspended when PRACH transmissions in all of PRACH occasions are dropped.
· the power ramping counter is not suspended when PRACH transmissions in a part of PRACH occasions are dropped
Observation 5: For a random access preamble, whether one or more features including PRACH repetition and Msg3 repetition request are associated or not is explicitly configured by featureCombination in featureCombinationPreabmles.
Proposal 6: Coupling between PRACH repetition and Msg3 repetition is not necessary.
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