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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
The Rel-18 WI on Coverage Enhancements was deemed completed in RAN1#114 and is now in the maintenance phase.  This contribution discusses some remaining issues for this WI.

2. Discussions
2.1 UE Features
In RAN2 #121b-e meeting, the following was agreed:

[bookmark: OLE_LINK14]Agreements
Msg1 repetition with different repetition number {2, 4, 8} are treated a separate feature, and a RACH partition is associated with a specific repetition number (Stage 3 details are FFS, e.g., we should not use all the spare values in the current IE)

In the RAN1#114 Feature Lead Summary [1], it is noted that the above agreement can have two interpretations:

· Interpretation 1: Msg1 repetition with different repetition numbers are treated as a single feature.
· Interpretation 2: Msg1 repetition with different repetition number {2, 4, 8} are treated as separate features.

Since the gNB can configure different values of the number of PRACH transmissions {2, 4, 8}, the UE needs to support all configurable values of the number of PRACH transmissions, even if the gNB configures only one of the possible values of the number of PRACH transmissions.  It is also beneficial to be able to configure multiple values of the number of PRACH transmissions in a cell, avoiding unnecessary PRACH repetitions.  For example, Figure 1 shows a gNB with an extended coverage where the edge of the extended coverage requires 8 PRACH transmissions.  A UE that is just outside the legacy coverage (single PRACH transmission) may require only 2 PRACH transmissions.  If the gNB configures multiple numbers of PRACH transmissions {2, 4, 8}, the UE only needs to transmit 2 PRACH transmissions.  However, if the gNB can only configure a single number of PRACH transmissions, it will have to configure 8 PRACH transmissions for all the extended coverage region and the UE would have to transmit 8 PRACH transmissions, i.e., it would have to transmit an additional 6 PRACH transmissions than required.  Hence, it is beneficial that the UE can support multiple values of the number of PRACH transmissions and therefore we support Interpretation 1, i.e. Msg 1 repetition with different repetition numbers are treated as a single feature.
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[bookmark: _Ref146198770]Figure 1: Multiple configured vs single configured number of PRACH transmissions
  
Proposal 1: Msg1 repetition with different repetition numbers are treated as a single feature.

2.2 RA-RNTI
The RA-RNTI is calculated 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), 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).
It was agreed that the RA-RNTI in response to a multiple PRACH transmission is calculated based on the last valid RO of the RO Group carrying the multiple PRACH transmission.  Since both legacy and multiple PRACH transmissions share the same RA-RNTI calculation, there is a need to differentiate them [2] due to RNTI collisions.  One way of differentiating the RA-RNTI between single PRACH transmission and multiple PRACH transmission, is to add a symbol offset, s_offset to s_id, thereby giving a new symbol index s_idmulti-PRACH, that is:

RA-RNTI = 1 + s_idmulti-PRACH + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id,
	where s_idmulti-PRACH = (s_id + s_offset)
The value of s_offset can be the 1 symbol, i.e., the s_idmulti-PRACH is the 2nd symbol in the RO.
Proposal 2: To differentiate the RA-RNTI between single PRACH transmission and multiple PRACH transmission, add a OFDM symbol offset, s_offset to s_id of the RA-RNTI equation, i.e.:
RA-RNTI = 1 + s_idnew + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id,
	where, s_idnew = (s_id + s_offset)


2.3 Determination of number of multiple PRACH transmissions
In RAN1#111 we agreed the following:

Agreement
· For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.

Some companies [1] noted that using the SSB-RSRP threshold to determine whether the UE needs to perform multiple PRACH transmissions or single PRACH transmission may lead to inefficiency.  It is argued that the UE may not have reached maximum power when it has an SSB-RSRP that is below the threshold and uses additional RACH resources (RO) for multiple PRACH transmissions unnecessarily since the UE could have increased its power and used a single RO.  In [3], it is proposed that the UE only uses multiple PRACH transmissions if it reached the maximum transmission power PCMAX, after which, the UE determines the number of PRACH transmissions using the SSB-RSRP thresholds.

The UE PRACH transmission power is based on an estimated path loss.  Since the estimated path loss is calculated based on UE measured RSRP, the gNB can configure the SSB-RSRP thresholds such that the UE reaches maximum transmission power.  That is, based on configuration of SSB-RSRP thresholds, the proposed method in [3] can be achieved by setting the SSB-RSRP thresholds such that the UE reaches maximum power.  Hence, we do not see a need to add another additional step to the UE in determining whether the UE should use multiple PRACH transmissions or single PRACH transmission.
Observation 1: Since the UE PRACH transmission power is based on estimated path loss calculated using UE measured RSRP, the gNB can configure the SSB-RSRP thresholds such that the UE reaches maximum transmission power when using multiple PRACH transmissions.
Proposal 3: The UE determines the number of PRACH transmissions including single or multiple PRACH transmissions based on SSB-RSRP thresholds.


3. Conclusion
In this contribution, we discuss some remaining issues on multiple PRACH transmissions with the same beam. We observe the following:
Observation 1: Since the UE PRACH transmission power is based on estimated path loss calculated using UE measured RSRP, the gNB can configure the SSB-RSRP thresholds such that the UE reaches maximum transmission power when using multiple PRACH transmissions.


We therefore propose the following:
Proposal 1: Msg1 repetition with different repetition numbers are treated as a single feature.

Proposal 2: To differentiate the RA-RNTI between single PRACH transmission and multiple PRACH transmission, add a OFDM symbol offset, s_offset to s_id of the RA-RNTI equation, i.e.:
RA-RNTI = 1 + s_idnew + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id,
	where, s_idnew = (s_id + s_offset)

Proposal 3: The UE determines the number of PRACH transmissions including single or multiple PRACH transmissions based on SSB-RSRP thresholds.
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