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[bookmark: _Ref521334010]Introduction
In RAN#94-e meeting, the following objective was approved to specify coverage enhancement for PRACH [1].
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different 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.


In this contribution, we provide our views on different aspects of multiple PRACH transmissions.
Discussion
Multiple PRACH transmissions with same beam
According to the WID, multiple PRACH transmissions with same beam for 4-step RACH are to be specified. It is expected that PRACH performance can be improved if multiple transmissions are combined at receiver side. To that end, same preamble should be used for the multiple PRACH transmissions. In addition, although multiple frequency domain transmission occasions can be configured by msg1-FDM, UE may not be able to transmit multiple PRACH transmissions at the same time. Even if it is possible, the transmission power will be affected which is not desired. Hence, we think that UE should repeat the same preamble for the multiple PRACH transmissions with same beam in different time occasions. Multiple PRACH transmissions with same beam can be regarded as PRACH repetitions in time domain
Proposal 1: For multiple PRACH transmissions with same beam, UE repeats the same preamble for the multiple PRACH transmissions with same beam in different time occasions.

PRACH repetitions are to improve the coverage of PRACH and should be triggered only when the PRACH coverage is limited. Similar as many other features, e.g. selection of 2-step and 4-step RACH, selection of NUL and SUL for RACH procedure, Msg3 PUSCH repetition etc., it is straightforward that PRACH repetitions are triggered when the RSRP of the downlink pathloss reference is lower than an RSRP threshold provided by gNB. 
Proposal 2: PRACH repetitions (i.e. multiple PRACH transmissions with same beam) are triggered when the RSRP of the downlink pathloss reference is lower than the RSRP threshold provided by gNB.

In addition, it needs to be discussed that whether only one or multiple numbers of PRACH repetitions are supported within a cell. If multiple numbers of PRACH repetitions are supported within a cell, separate RSRP thresholds should be provided by gNB for UE to determine the number of PRACH repetitions.
Proposal 3: FFS whether one or multiple numbers of PRACH repetitions are supported within a cell.

Furthermore, UE can perform multiple attempts during a RACH procedure. It needs to be discussed that how UE determines whether to trigger PRACH repetitions for each RACH attempt during RACH procedure. If multiple numbers of PRACH repetitions are supported within a cell, it needs to be discussed that how UE determines the number of PRACH repetitions for each RACH attempt. 
Proposal 4: FFS how UE determines the number of PRACH repetitions (including number of PRACH repetitions=1) for each RACH attempt during a RACH procedure.

[bookmark: _GoBack]Msg3 PUSCH repetition has been supported in Rel-17 to improve the coverage of Msg3 PUSCH. According to the simulation results in [2], 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.

In order to differentiate PRACH transmissions with repetitions and PRACH transmissions without repetition at gNB side, time/frequency/preamble resource partitioning is required. Separate ROs and shared RO with separate PRACH preambles are the two common methods on resource partitioning. 
For shared RO with separate preambles, the capacity for existing purpose would be further reduced and the capacity of PRACH repetition would be limited as well. In addition, transmission delay of PRACH repetitions will be increased following the existing SSB-to-RO mapping as shown in Figure 1 with four SSBs and four repetitions. Therefore, shared RO with separate preambles is not preferred.


[bookmark: _Ref114752635]Figure 1: Non-consecutive ROs for multiple PRACH transmissions.

For separate ROs, the transmission delay of PRACH repetitions can be largely decreased compared with shared RO as shown in Figure 2 with new SSB-to-RO mapping. It is for illustration purpose and SSB-to-RO mapping design can be further discussed.


[bookmark: _Ref114752836]Figure 2: Consecutive ROs for multiple PRACH transmissions.
Hence, we think that at least separate ROs for multiple PRACH transmissions should be supported and SSB-to-RO mapping should be further studied.
Proposal 6: Support separate ROs for PRACH transmissions with and without repetitions.
· FFS: separate preambles with shared ROs.
Proposal 7: Further study the SSB-to-RO mapping for PRACH repetitions.

UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a RAR window in response to a PRACH transmission. For PRACH transmission without repetition, a RAR window starts after the PRACH occasion corresponding to the PRACH transmission. For multiple PRACH transmissions, the following two alternatives can be considered to determine RAR window.
· Alt 1: Determine multiple RAR windows by reusing legacy RAR window after each RO corresponding to the multiple PRACH transmissions.
· Alt 2: Determine only one RAR window after the RO corresponding to the last PRACH transmission.


[bookmark: _Ref114474364]Figure 3: Different examples of RAR window determination.
In Rel-17, the RA-RNTI is determined based on time and frequency location of PRACH as following [3].
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
	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 [8] 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 Alt 1, UE can calculate the RA-RNTI in each RAR window based on the corresponding RO by reusing the existing mechanism. For Alt 2, considering the RAR message is in response to multiple PRACH transmissions, the existing RA-RNTI calculation cannot be applied. Similar as the RAR window for a BL/CE UE in LTE, a reference RO can be used to calculate the RA-RNTI, e.g. the RO corresponding to the first PRACH transmission.
For Alt 1, early termination can be achieved if UE successfully detects a DCI during one of the RAR windows. Correspondingly, gNB is required to perform detection upon reception of each PRACH repetition which complicates the gNB implementation and increase gNB power consumption. From UE perspective, UE may need to monitor RAR for longer time compared with Alt 2. In addition, a RAR window may overlap with the subsequent RAR window(s) depending on the window size and RO time locations as shown in Figure 3. How to deal with the DCI received in the overlapped time domain resource needs further study.
For simplicity, we prefer to support only one RAR window after the RO corresponding to the last PRACH transmission.
Proposal 8: UE monitors RAR after the PRACH occasion corresponding to the last PRACH repetition.
· RA-RNTI is calculated based on the PRACH occasion corresponding to the first PRACH repetition.

Multiple PRACH transmissions with different beams
The definition of different beams for multiple PRACH transmissions needs to be clarified before discussing whether to support the mechanism of multiple PRACH transmissions with different beams. There are two interpretations of different beams for multiple PRACH transmissions.
· Interpretation 1: Each of the different beams corresponds to a separate SSB beam.
· Interpretation 2: All of the different beams correspond to a same SSB beam.
In the current specification, UE selects a SSB with SS-RSRP above rsrp-ThresholdSSB based on RSRP measurement. The selected SSB beam has relatively better performance among all the candidate SSBs provided by gNB. Hence, for interpretation 1, it is necessary to clarify why UE needs to use different SSB beams to transmit multiple PRACH transmissions which may include SSB beams with poor performance instead of using a better SSB beam for PRACH repetitions. 
In addition, if interpretation 1 is adopted, further discussion is needed on whether all of or only part of the beams corresponding to the SSB indexes provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon are used for multiple PRACH transmissions. 
For interpretation 2, two different implementations can be considered. One is to assume that different beams are narrower beams corresponding to a same SSB beam. Another is to assume that the direction of UE transmitting beam is slightly different from that of gNB receiving beam. In this case, the actual beam direction of different beams is based on UE implementation, i.e. fine tune the whole beam direction corresponding to a same SSB beam. Regardless, the target use case and potential benefit for PRACH coverage enhancement should be provided.
In general, the benefit and target scenario of multiple PRACH transmissions with different beams is unclear for us, which should be provided to justify the support of multiple PRACH transmissions with different beams.
Proposal 9: The benefit and target scenario of multiple PRACH transmissions with different beams should be provided to justify the support of multiple PRACH transmissions with different beams.
Proposal 10: It should be clarified that whether the different beams used for multiple PRACH transmissions correspond to the different SSB beams or a same SSB beam.
Conclusion
In this contribution, we share our views on PRACH coverage enhancement. The proposals are summarized as follows:
Proposal 1: For multiple PRACH transmissions with same beam, UE repeats the same preamble for the multiple PRACH transmissions with same beam in different time occasions.
Proposal 2: PRACH repetitions (i.e. multiple PRACH transmissions with same beam) are triggered when the RSRP of the downlink pathloss reference is lower than the RSRP threshold provided by gNB.
Proposal 3: FFS whether one or multiple numbers of PRACH repetitions are supported within a cell.
Proposal 4: FFS how UE determines the number of PRACH repetitions (including number of PRACH repetitions=1) for each RACH attempt during a RACH procedure.
Proposal 5: If PRACH repetitions are triggered, Msg3 PUSCH repetition is enabled.
Proposal 6: Support separate ROs for PRACH transmissions with and without repetitions.
· FFS: separate preambles with shared ROs.
Proposal 7: Further study the SSB-to-RO mapping for PRACH repetitions.
Proposal 8: UE monitors RAR after the PRACH occasion corresponding to the last PRACH repetition.
· RA-RNTI is calculated based on the PRACH occasion corresponding to the first PRACH repetition.
Proposal 9: The benefit and target scenario of multiple PRACH transmissions with different beams should be provided to justify the support of multiple PRACH transmissions with different beams.
Proposal 10: It should be clarified that whether the different beams used for multiple PRACH transmissions correspond to the different SSB beams or a same SSB beam.
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