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[bookmark: _Ref521334010]Introduction
RAN1 design of multiple PRACH transmissions with same Tx beam has been completed. In this contribution, we provide our views on some remaining issues.
Discussion
RO group consist of SSB with same preamble set
It was agreed to support utilizing same preamble during the multiple PRACH transmissions with the same Tx beam in one attempt [2]. Considering that a same SSB index may be associated with different preamble sets in different ROs in case multiple SSB indexes are mapped to one RO, further clarification for the ROs contained in one RO group was agreed in the previous meeting [3].
	Agreement
All ROs in one RO group are associated with the same SSB(s), which means:
· If each RO is associated with one SSB, all ROs in one RO group are associated with the same SSB index.
· If each RO is associated with multiple SSB, all ROs in one RO group are associated with the same SSB indexes and each same SSB index of the SSB indexes is associated with the same preambles.
Note: Potential spec. impact will be further investigated.



The above agreement should be captured in the specification. Hence, we provide the following TP.
	< Unchanged text is omitted >
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index if each valid RO in the set is associated with one SSB; otherwise, are associated with the same SS/PBCH block indexes and each same SSB index is associated with the same preambles if each valid RO in the set is associated with multiple SSB.
< Unchanged text is omitted >



Proposal 1: Adopt the following TP for the determination on the ROs associated with the same SSB(s) in one RO group for TS38.213 Clause 8.1.
	< Unchanged text is omitted >
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index if each valid RO in the set is associated with one SSB; otherwise, are associated with the same SS/PBCH block indexes and each same SSB index is associated with the same preambles if each valid RO in the set is associated with multiple SSB.
< Unchanged text is omitted >



Remaining RO(s) in time period
The number of valid ROs within a time period may not always be an integer multiple of a configured number of preamble repetitions. Hence, remaining RO(s) which cannot be consisted in any RO group in a time period should be defined in the specification similar as remaining RO(s) for single PRACH transmission in an association period or in an association pattern period. Hence, we provide the following TP.
	< Unchanged text is omitted >
For a PRACH transmission with preamble repetitions, a time period, starting from frame 0, is the smallest integer number of association pattern periods such that at least one set of valid PRACH occasions for each of the  SS/PBCH block indexes can be determined within the time period for all configured number of preamble repetitions. The set(s) of valid PRACH occasions for each configured number of preamble repetitions repeats every time period. Valid PRACH occasions not determined for a set of valid PRACH occasions for any of the  SS/PBCH block indexes after an integer number of sets of valid PRACH occasions, if any, are not used for a PRACH transmission with preamble repetitions.
< Unchanged text is omitted >



Proposal 2: Adopt the following TP for the definition of remaining RO(s) in a time period for TS38.213 Clause 8.1.
	< Unchanged text is omitted >
For a PRACH transmission with preamble repetitions, a time period, starting from frame 0, is the smallest integer number of association pattern periods such that at least one set of valid PRACH occasions for each of the  SS/PBCH block indexes can be determined within the time period for all configured number of preamble repetitions. The set(s) of valid PRACH occasions for each configured number of preamble repetitions repeats every time period. Valid PRACH occasions not determined for a set of valid PRACH occasions for any of the  SS/PBCH block indexes after an integer number of sets of valid PRACH occasions, if any, are not used for a PRACH transmission with preamble repetitions.
< Unchanged text is omitted >



Power ramping counter
For single PRACH transmission, Layer 1 notifies higher layers to suspend the corresponding power ramping counter when the PRACH transmission is not transmitted or is transmitted with reduced power [4]. In the last meeting, the following two options were proposed on how to suspend the power ramping for multiple PRACH transmissions [5].
· 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.
· Option 2: Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.
For Option 1, power ramping happens more frequently since the probability of all of PRACH occasions are dropped or with reduced transmit power is relatively low, especially in case of higher repetition number. Msg1 retransmission is easier to succeed due to higher transmission power.
For Option 2, it is reasonable that the higher repetition number used, the smaller performance loss exists due to partial PRACH occasions dropped or with reduced transmit power. The performance loss corresponding to different repetition numbers have not been evaluated before. It cannot be guaranteed that the performance loss is the main cause of the unsuccessful RACH attempt especially when using higher repetition number. Hence, power ramping is a better way for the next retransmission.
In summary, we propose to suspend the corresponding power ramping counter when PRACH transmissions in all of PRACH occasions are dropped or with reduced transmit power. The following TP is provided to align with the proposal.
	< Unchanged text is omitted >
If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, the UE does not transmit a PRACH in a transmission occasion or in any  transmission occasions in case of  preamble repetitions, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, the UE transmits a PRACH with reduced power in a transmission occasion or in any  transmission occasions in case of  preamble repetitions, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.
< Unchanged text is omitted >



Proposal 3: Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmissions in all of PRACH occasions are dropped or with reduced transmit power.
Proposal 4: Adopt the following TP for the power ramping counter for TS38.213 Clause 8.1.
	< Unchanged text is omitted >
If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, the UE does not transmit a PRACH in a transmission occasion or in any  transmission occasions in case of  preamble repetitions, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, the UE transmits a PRACH with reduced power in a transmission occasion or in any  transmission occasions in case of  preamble repetitions, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.
< Unchanged text is omitted >



SSB selection
In existing NR specifications, UE selects an SSB/CSI-RS by comparing the SS-RSRP/CSI-RSRP with a threshold provided by gNB. To be specific, if at least one of the SSBs with SS-RSRP/CSI-RSRP above rsrp-ThresholdSSB/rsrp-ThresholdCSI-RS provided by gNB is available, UE selects an SSB/CSI-RS with SS-RSRP/CSI-RSRP above rsrp-ThresholdSSB/rsrp-ThresholdCSI-RS. Otherwise, UE selects any SSB. The same approach can be applied for each RACH attempt for multiple PRACH transmissions. Considering that the SS-RSRPs are relatively small in case of limited coverage, there may be no SSB with SS-RSRP above the threshold if legacy rsrp-ThresholdSSB is used for SSB selection. Then, any SSB can be selected by UE including SSBs with worse performance among all of the SSBs. Hence, it is proposed to introduce a separate lower RSRP threshold for SSB determination for PRACH repetitions.
Proposal 4: For multiple PRACH transmissions with same beam, introduce separate RSRP thresholds for SSB selection for PRACH repetitions from legacy PRACH transmission without repetition.

Interaction with other transmissions 
Msg3 PUSCH repetition has been supported in Rel-17 to improve the coverage of Msg3 PUSCH. According to the simulation results in [6], the coverage performance of PRACH is better than that of Msg3 PUSCH. In other words, if coverage of PRACH is an issue, coverage of Msg3 PUSCH would be an issue as well. Therefore, from coverage perspective, if PRACH repetitions are triggered for PRACH coverage improvement, Msg3 PUSCH repetitions should also be enabled. This could also simplify the interaction between PRACH repetitions and Msg3 PUSCH repetitions, since there is no need to distinguish between the two cases of Msg3 PUSCH with repetitions and Msg3 PUSCH without repetition in case PRACH repetitions are triggered, which avoids further PRACH partitioning. In addition, even if the Msg3 PUSCH repetitions are always enabled if PRACH repetitions are triggered, four candidate numbers of Msg3 repetitions including the value ‘1’ representing no Msg3 PUSCH repetition can be dynamically indicated by gNB. Hence, it is still up to gNB to decide whether to perform Msg3 PUSCH repetitions.
Proposal 5: If PRACH repetitions are triggered, Msg3 PUSCH repetition is enabled.

Conclusion
In this contribution, we share our views on PRACH coverage enhancement. The proposals are summarized as follows:
Proposal 1: Adopt the following TP for the determination on the ROs associated with the same SSB(s) in one RO group for TS38.213 Clause 8.1.
	< Unchanged text is omitted >
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index if each valid RO in the set is associated with one SSB; otherwise, are associated with the same SS/PBCH block indexes and each same SSB index is associated with the same preambles if each valid RO in the set is associated with multiple SSB.
< Unchanged text is omitted >


Proposal 2: Adopt the following TP for the definition of remaining RO(s) in a time period for TS38.213 Clause 8.1.
	< Unchanged text is omitted >
For a PRACH transmission with preamble repetitions, a time period, starting from frame 0, is the smallest integer number of association pattern periods such that at least one set of valid PRACH occasions for each of the  SS/PBCH block indexes can be determined within the time period for all configured number of preamble repetitions. The set(s) of valid PRACH occasions for each configured number of preamble repetitions repeats every time period. Valid PRACH occasions not determined for a set of valid PRACH occasions for any of the  SS/PBCH block indexes after an integer number of sets of valid PRACH occasions, if any, are not used for a PRACH transmission with preamble repetitions.
< Unchanged text is omitted >


Proposal 3: Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmissions in all of PRACH occasions are dropped or with reduced transmit power.
Proposal 4: Adopt the following TP for the power ramping counter for TS38.213 Clause 8.1.
	< Unchanged text is omitted >
If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, the UE does not transmit a PRACH in a transmission occasion or in any  transmission occasions in case of  preamble repetitions, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, the UE transmits a PRACH with reduced power in a transmission occasion or in any  transmission occasions in case of  preamble repetitions, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.
< Unchanged text is omitted >


Proposal 4: For multiple PRACH transmissions with same beam, introduce separate RSRP thresholds for SSB selection for PRACH repetitions from legacy PRACH transmission without repetition.
[bookmark: _GoBack]Proposal 5: If PRACH repetitions are triggered, Msg3 PUSCH repetition is enabled.
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