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1 Introduction
In this contribution, we discuss the MAC aspects of UL coverage enhancements agreed in RAN1.
2 Discussion
RAN1 has discussed PUSCH repetitions for Msg3 for enhancing the UL coverage. The following agreements were made in RAN1 #105e [1].
Criteria to request for Msg3 PUSCH repetition

Agreement: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.

· FFS the determination of the RSRP threshold.

 

Mechanism to request Msg3 PUSCH repetition

Agreement:

· For requesting Msg3 PUSCH repetition, support the following:

·  Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.

· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 

· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).

· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include

· the separate RO configured by a separate RACH configuration index from legacy UE, and the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.
Mechanism to indicate Msg3 PUSCH repetition by network

Working assumption:

· Using an information field from the existing information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission 

· Down-select only one from the following information fields in RAR UL grant for indication of the number of repetition of Msg3 initial transmission. 
· TDRA information field with introducing a new TDRA table including the repetition factors.

· MCS information field
· TPC information field
· CSI request information field
· FDRA information field
· The total size of RAR UL grant does not change.

· Position of all fields in the bit sequence of the RAR UL grant does not change, regardless of whether they are repurposed or not.
· FFS details, e.g., TDRA table selection, or whether/how to indicate which interpretation UE should use for the repurposed information field (legacy vs repurposed interpretation) etc.
2.1 RACH Type Selection

According to RAN1 agreements, PUSCH repetition is supported for Msg3. This means that UL coverage enhancements is supported for 4 step RACH.

In case of 2 step RACH, if UE receives fallbackRAR in MsgB, Msg3 is transmitted in UL grant received in fallbackRAR. So, UL coverage enhancement can also be supported for 2 step RACH, at least for the case of fallback. However, it is not crystal clear from RAN1 agreements whether UL coverage enhancements is supported for 2 step RACH or not.

Upon initiation of random access procedure, RA type selection can be selected in one of the following ways:
Option 1: RA type selection considering whether RACH configuration for UL coverage is signaled by gNB or not
Option 1A: Assumption is that UL coverage enhancement is supported only for 4 step RA.

If criteria to request for Msg3 PUSCH repetition is met and 4 step RACH configuration is provided for UL coverage enhancement:

  - UE select 4 step RA. Apply 4 step RACH configuration for UL coverage enhancement.
Else

- UE select between 2 step RA and 4 step RA as in legacy considering only the RACH configurations which is not configured for UL coverage enhancement

Option 1B: Assumption is that UL coverage enhancement is supported for both 2 step RA and 4 step RA

If criteria to request for Msg3 PUSCH repetition is met and 4 step RACH configuration is provided for UL coverage enhancement and 2 step RACH configuration is provided for UL coverage enhancement:

- UE select between 2 step RA and 4 step RA based on RSRP threshold. Apply RACH configuration for UL coverage enhancement corresponding to selected RA type

Else if criteria to request for Msg3 PUSCH repetition is met and only 4 step RACH configuration is provided for UL coverage enhancement:
- UE select 4 step RA. Apply 4 step RACH configuration for UL coverage enhancement
Else if criteria to request for Msg3 PUSCH repetition is met and only 2 step RACH configuration is provided for UL coverage enhancement:
- UE select 2 step RA. Apply 2 step RACH configuration for UL coverage enhancement
Else (i.e. RACH configuration is not provided for UL coverage enhancement)
- select between 2 step RA and 4 step RA as in legacy considering only the RACH configurations which is not configured for UL coverage enhancement
Option 2: RA type selection is independent of whether RACH configuration for UL coverage is signaled by gNB or not
If both 4 step RACH configuration and 2 step RACH configuration is signaled

· UE select between 2 step RA and 4 step RA based on RSRP threshold
Else if only 4 step RACH configuration is signaled

· UE select 4 step RA

Else if only 2 step RACH configuration is signaled

· UE select 2 step RA

If criteria to request for Msg3 PUSCH repetition is met and RACH configuration for selected RACH type is provided for UL coverage enhancement

· Apply RACH configuration (corresponding to selected RACH type) for UL coverage enhancement 

Else

· Apply RACH configuration (corresponding to selected RACH type) which is not configured for UL coverage enhancement
Proposal 1: RAN2 to discuss and agree on one of the following options for RA type selection
Option 1: RA type selection take into account whether RACH configuration for UL coverage is signaled by gNB or not

Option 2: RA type selection is independent of whether RACH configuration for UL coverage is signaled by gNB or not
2.2 Criteria to request for Msg3 PUSCH repetition

RAN1 has agreed that UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink path loss reference is lower than an RSRP threshold. 

One of the issue is whether the UE applies the criterion to request Msg3 PUSCH repetition only when the random access procedure is initiated or whether the UE applies this criterion before every random access attempt i.e. before the RACH preamble transmission. 

The RSRP of downlink path loss reference (i.e. SSB) can change during the random access procedure. So it can be beneficial to apply the criterion to request Msg3 PUSCH repetition before every random access attempt. However, one can argute that, in the current design of random access procedure, UL carrier selection and RA type selection is also based on RSRP of the downlink pathloss reference and these selections are performed only when random access procedure is initiated, so it is sufficient to apply the Msg3 PUSCH repetition criterion only when random access procedure is initiated.

Proposal 2: RAN2 to discuss whether the UE applies criterion to request Msg3 PUSCH repetition only when the random access procedure is initiated or whether the UE applies this criterion before every random access attempt i.e. before the RACH preamble transmission.

2.3 Contention resolution timer for Msg3 PUSCH repetition
According to current specification [2], Once Msg3 is transmitted the MAC entity shall:

- start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission
If the UL grant for Msg3 include repetitions, following options are possible for starting the ra-ContentionResolutionTimer
· Option 1: start the ra-ContentionResolutionTimer in the first symbol after the end of Msg3 transmission in 1st transmission occasion of UL grant with repetition

· Option 2: start the ra-ContentionResolutionTimer in the first symbol after the end of Msg3 transmission in last transmission occasion of UL grant with repetition
Note that PUSCH repetition is supported for data transmission (other than Msg3/MsgA) in current specification. One example of starting the related timer is as follows:

5.7 Discontinuous Reception (DRX)
1>
if a MAC PDU is transmitted in a configured uplink grant and LBT failure indication is not received from lower layers:

2>
start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission;
Option 1 is alligned with the above approach. One consequence of the option 1 is that in case network is able to decode Msg3 upon reception in last transmission occasion of the UL grant with repetition, time available to process and respond will be slighlty smaller compared to option 2. However, this should not be a problem as the value of contention resolution timer is expected to be larger compared to duration of repetitions.
Proposal 3: If the UL grant for Msg3 include repetitions, UE starts the ra-ContentionResolutionTimer in the first symbol after the end of Msg3 transmission in 1st transmission occasion of UL grant with repetition.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: RAN2 to discuss and agree on one of the following options for RA type selection
· Option 1: RA type selection take into account whether RACH configuration for UL coverage is signaled by gNB or not

· Option 2: RA type selection is independent of whether RACH configuration for UL coverage is signaled by gNB or not
Proposal 2: RAN2 to discuss whether the UE applies criterion to request Msg3 PUSCH repetition only when the random access procedure is initiated or whether the UE applies this criterion before every random access attempt i.e. before the RACH preamble transmission.

Proposal 3: If the UL grant for Msg3 include repetitions, UE starts the ra-ContentionResolutionTimer in the first symbol after the end of Msg3 transmission in 1st transmission occasion of UL grant with repetition.
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A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.


FFS the determination of the RSRP threshold.











