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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]According to the latest WID [1], multiple PRACH transmission using the same beams is under maintenance. Following the latest feature lead summaries [2], we address our views for remaining issues mainly about PRACH issues.
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.


2. Discussion
2.1. Power ramping counter
	Agreement (115)
For multiple PRACH transmissions, down-select one of the following options at RAN1#116:
Option 1:
· 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.
Option 1a:
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission on part of PRACH occasions are dropped or when PRACH transmission in any of PRACH occasions is with reduced transmit power.
Option 2:
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is dropped or with reduced transmit power.
Note: this implies it’s up to UE implementation.
Option 2a:
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is with reduced transmit power.
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is dropped.
Option 3:
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are with reduced transmit power.
Note: whether any of the above options have specification impact is a separate discussion.


This issues and proposed solutions were discussed a few meetings and Options are captured to down-select in this meeting. We think that a power ramping counter is incremented conservatively since it causes inter-cell interference. An RACH attempt is generalized by multiple PRACH transmissions, and its power reduction/dropping may not be counted for the ramping purpose if some of preamble’s power are harmed. The gNB will decorrelate with the worse samples but the gNB still be able to detect the correct preamble index. The Rel-18 preamble repetition does not enhance a power control with respect to its repetition factor, and we think that it may not be critical or sensitive even if some or a few repetition is dropped or power reduced. From those reasoning, we think that all dropped case should be informed while only part dropping may not bring much performance benefit. In addition, if we do not agree any Option, then it can be interpreted as Option 2.
[bookmark: _Ref159251975] Proposal 1: Layer 1 informs upper layer if all preamble repetitions are dropped to suspend the ramping counter (Option 3). 
2.2. PRACH masking
The RAN2 performed CFRA with PRACH repetitions, and it is agree that the ReconfigurationWithSync case and SI-RequestConfigRepetition allow multiple PRACH transmissions. And we think that it is a common understanding the other cases such as BFR and PDCCH order do not support multiple PRACH transmissions.
The resource selection can be performed in a unified way between CFRA and CBRA. According to the current specification, CFRA has the information of PRACH mask. This comes from the similar motivation of time offset, i.e., reducing the contention probability. In our view, we have to decide whether PRACH mask is used or time offset is used. In one approach, either PRACH mask or time offset is used. This can be applied even for a serving cell where the time offset is not supported. Also for this moment, we do not see strong need to joint configuration of time offset and PRACH mask.
[bookmark: _Ref158888129][bookmark: _Ref159251963]Proposal 2: The set of RO groups are common for both CBRA and CFRA.
The discussion would lead to the interpretation of a PRACH mask index. The mask index can be used for RO load balancing using a limited number of reserved preamble index for CFRA purposes. In our understanding, the gNB can estimate the load for potential random access and the PRACH mask index should be interpreted per repetition factor.
In this case, the repetition factor can be included in the RACH configurations otherwise the UE determines the repetition factor based on RSRP from SSB if applicable and the gNB does not know the repetition factor in advance. 
In Rel-17, an IE FeatureCombinationPreambles-r17 includes ssb-SharedRO-MaskIndex-r17. In Rel-18, each repetition factor may correspond to each feature with own priority value FeaturePriority-r17, and this value is common for all repetition factors. In our understanding, this means that the mask index may be given per repetition factor provided that Rel-17 framework is directly extended.
We believe that a UE is configured to several mask indices, and there are a few alternatives to interpret multiple mask indices. For instance, a UE can access only ROs that are allowed for all repetition factors. For another instance, a UE can access ROs that are allowed for the chosen repetition factor. We prefer the latter one, i.e., the PRACH mask index is applicable only for the chosen repetition factor.
[bookmark: _Ref159251965]Proposal 3: The applicable PRACH mask index is only referenced to the chosen repetition factor.
Regarding CFRA, Rel-18 supports ReconfigurationWithSync case and SI-RequestResourcesRepetition case for PRACH repetitions. According to the current IE, there is a one rach-ConfigDedicated, where an RACH-ConfigDedicated IE includes cfra, where ra-ssb-OccasionMaskIndex is included. While reviewing the current TS, we think the description is missing if multiple features can be configured. For better readability, we suggest that the shared RO can reference to different RRC parameter ssb-SharedRO-MaskIndex, thus the following proposal is made.
[bookmark: _Ref159251967]Proposal 4: Clarify the applicable mask index if feature combination is provided.
	TS 38.213-i10, section 8.1 Random access procedure
-------------------------- omitted --------------------------
For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is indicated by ra-ssb-OccasionMaskIndex or if FeatureCombinationPreambles is provided, the PRACH mask index is indicated ssb-SharedRO-MaskIndex,
which indicates the PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected SS/PBCH block index.
-------------------------- omitted --------------------------


Following the similar reasoning, the mask index should be available for each repetition factor. Otherwise, a common mask index applies for all repetition factors, and some mask indices imply multiple ROs. For example, odd ROs can be allowed or an even ROs can be allowed. However, in our understanding, those allowed ROs may not derive any valid RO groups for some repetition factors. We think that mask index should be given for each repetition factor in the CFRA case as well. The detailed control of collision and latency are important to deploy this feature in the real market.
Additionally, for CBRA context, TimeOffsetBetweenStartingRO is introduced to control collision probability and potential latency. We think this principle should be aligned for the CFRA, and we propose that the TimeOffsetBetweenStartingRO should be available for each repetition factor and its value may be different from the corresponding CBRA counterpart. This is for easier control towards collision probability and potential latency. For instance, with given repetition factor N, a value of time offset 2N is configured for CBRA and another value of time offset N can be configured for CFRA, which leads to alternate random access using a common RO group grid. 
We also note that the RO offset and mask index should have priorities of indexing. The invalid RO group due to RO offset may or may not have indexing. We prefer not have indexing invalid RO group for larger indexing space, however, this issue can be discussed after one Options listed in the last meeting is chosen.
[bookmark: _Ref159251969]Proposal 5: For CFRA, the PRACH mask index and RO offset can be configured per repetition factor.
In the last meeting 115, the following list was agreed for down-selection. The discussion points are two: mask can be applied before/after RO grouping, and mask implies an RO or an RO group.
	Agreement (115)
For multiple PRACH transmissions with indication of PRACH mask index, down-select one of the following options at RAN1#116
· Option 1: UE applies PRACH mask prior to RO group determination. RO group is determined based on the ROs indicated by the PRACH mask index.
· Option 2: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group with all the ROs indicated by the mask.
· Option 3: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where at least one RO of this RO group is indicated by the mask
· Option 4: UE applies PRACH mask after RO group determination. The PRACH mask index indicates one or multiple RO groups for multiple PRACH transmission.
· Note: this implies the PRACH mask index indicates the RO group instead of RO index(es). 


The mask can be configured for CFRA and a CBRA configuration may not set the mask field. As we state in Proposal 2, we believe that the RO grouping approach should be common between both CBRA and CFRA. Regarding Option 1, we think that mask indexing distorts the grid of RO groups. A UE needs to maintain two different RO group grids and access one grid if it is triggered by higher layers, and we do not support the Option 1. We think that the other options are more technically beneficial.
[bookmark: _Ref159251971]Proposal 6: UE applies PRACH mask after RO group determination.
Regarding the other options, we have to decide whether or not all PRACH transmissions are counted as one attempt in the context of masking. We believe that the Rel-18 discussions clarifies an RACH attempt having multiple ROs, and this can be applied to mask index as well.
Regarding Option 2 and Option 3, mask is interpreted as each RO. Each valid RO index represents a single RO and multiple mask indices are necessary to fully cover an RO group. For example, the Figure 1 shows an RO grid. Consider an RO group of size 4, which has RO index 3, 7, 11, 15. The Option 2 needs to allow all those ROs, and the Option 3 needs to not forbid all those ROs.
The mask index may allow one RO index, or all RO indices, or even/odd RO indices, from the current specification. In order for the Option 2 to indicate RO group (3,7,11,15), then the mask index 0 (all ROs) should be used. In order for the Option 3 to indicate the same RO group, then the mask index 0 (all ROs) or 3 (RO index 3) can be used. With more details of Option 3, other mask indices may also indicate the same RO group. For example, the mask index 7 can imply RO groups that has RO index 7. In this case, only 8 indices in the RO grid can be indicated by the mask. Thus, we think that Option 2 and Option 3 are restrictive.
In addition, the Option 3 allow to access ROs in some forbidden indices, which does not follow the masking philosophy. A single RACH attempt consists of multiple ROs in Rel-18 and it can be generalized to mask a group of ROs in the same RO group.


[bookmark: _Ref158896379]Figure 1: Multiplexing RO groups with time offset
The mask index is motivated by the minimal SSB-RO density. In our view, this can be generalized by the number of RO groups in the same mapping cycle. It can be at least one but can be large as 8 in some small repetition factor. We prefer to adopt Option 4, which interprets each RO index by an RO group index. Referring to the Figure 1 again, the mask index 3 (RO index 3) can indicate the boxed RO group with no ambiguities. If a mask index gives RO index 5, then the fifth RO group will be indicated. However, other indexing options imply the mask index 5 would give the RO index 5 which is the second RACH slot in the lowest RO, in Figure 1. We think that it is not a valid indexing because RO index 5 does not start with an RO group. Thus, a UE need to derive an earliest RO to form an RO group, or determine an RO group that contains RO of mask index 5.
[bookmark: _Ref159251973]Proposal 7: A PRACH mask index indicates an RO group (Option 4).
2.3. Consistency of RRC parameters
While reviewing TS 38.214 and TS 38.331, we found a single parameter has different names and we propose to align in one parameter. That is, the TS 38.331-i00 has msg1-RepetitionTimeOffsetROGroup-r18, but the TS 38.213-i10 has TimeOffsetBetweenStartingRO. We are more familiar to TimeOffsetBetweenStartingRO and this name is more intuitive for us, however the suffix (-r18) may be important and the former name is also concrete.
[bookmark: _Ref159251977]Proposal 8: Align the parameter name for starting RO offset between adjacent RO groups, i.e., replace TimeOffsetBetweenStartingRO in TS 38.213 by msg1-RepetitionTimeOffsetROGroup, or vice versa.
In the TS 38.213,  means a number of preamble transmissions, which is given by msg1-RepetitionNum-r18 in the TS 38.331. We suggest to include a link between two different names for an easier reference.
[bookmark: _Ref159251979]Proposal 9: Adopt the following changes to make an easier reference.
	TS 38.213-i10, section 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 given by the higher-layer parameter msg1-RepetitionNum if the UE would transmit the PRACH with repetitions. 
-------------------------- omitted --------------------------


The PRACH repetition is supported for CBRA and for some CFRA cases including SI request. Following the same principle above, we believe that the RO group grid should be same for both CBRA and CFRA. We found that the SI request also supports repetition but RO offset is not included yet. We note that a reconfiguration with sync supports PRACH repetition in a dedicated RACH configuration, but RO offset is not included either.
[bookmark: _Ref159251981]Proposal 10: Introduce msg1-RepetitionTimeOffsetROGroup in the CFRA and SI-RequestResourcesRepetition.
2.4. Other issues for preamble set partitioning
Considering time offsets for a repetition factor, we would have ROs that are not in an RO group. Even in this case, the preamble set for repetitions are not used for other purposes, following the legacy specification. The feature priority is used to determine which feature is applied for a set of ROs.
According to the current specification, the UE selects a set of ROs and initializes parameters, which include preamble set partitioning in every valid RO. Then the time offset is applied to RO grouping. The starting RO in adjacent RO groups in time domain may not be consecutive. In other words, there are some ROs that do not belong to RO groups while the corresponding preamble set is still partitioned.
In some approach, time offsets can affect in the selection of a set of ROs but it seems not very efficient because the SSB selection is performed afterwards and repetition factors are not determined yet.
The Figure 2 depicts a grid of valid ROs. We multiplex RO groups for 2 repetitions (RO group (2)).and for 4 repetitions (RO group (4)). A time offset lead to the RO group (2) not consecutively in time allocate due to the time offset. The feature combination tells us a preamble set for this inaccessible RO group still reserved. 



[bookmark: _Ref158895390]Figure 2: Multiplexing RO groups with time offset
In our understanding, the preamble set partitioning is valid in only selected shared ROs, and the applied time offset reserves all preamble subsets of all repetition factors. In our view, it is not efficient and fragmentation can be solved by repurposing those subsets. For instance, legacy RA procedure or RA procedures with other repetition factors can be considered. Using the figure 1, we observe that inaccessible RO group (2) has reserved preamble set and propose to use for legacy RA procedure.
[bookmark: _Ref149848202]Proposal 11: The preamble set can be used for other purpose (e.g., legacy RA procedure) if the RO is not in an RO group of some repetition factor.
3. Conclusion
We address our view about supporting multiple PRACH transmissions.
[bookmark: _GoBack]Proposal 1: Layer 1 informs upper layer if all preamble repetitions are dropped to suspend the ramping counter (Option 3).
Proposal 2: The set of RO groups are common for both CBRA and CFRA.
Proposal 3: The applicable PRACH mask index is only referenced to the chosen repetition factor.
Proposal 4: Clarify the applicable mask index if feature combination is provided.
Proposal 5: For CFRA, the PRACH mask index and RO offset can be configured per repetition factor.
Proposal 6: UE applies PRACH mask after RO group determination.
Proposal 7: A PRACH mask index indicates an RO group (Option 4).
Proposal 8: Align the parameter name for starting RO offset between adjacent RO groups, i.e., replace TimeOffsetBetweenStartingRO in TS 38.213 by msg1-RepetitionTimeOffsetROGroup, or vice versa.
Proposal 9: Adopt the following changes to make an easier reference. (Please refer to the section 2.3)
Proposal 10: Introduce msg1-RepetitionTimeOffsetROGroup in the CFRA and SI-RequestResourcesRepetition.
Proposal 11: The preamble set can be used for other purpose (e.g., legacy RA procedure) if the RO is not in an RO group of some repetition factor.
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