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RAN approved a new WI on NR coverage enhancement in RAN#90e [1]. The WI includes the following objective:
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
For the support of msg3 repetition, TR 38.830 section 6.3.1 [2] identifies specification impacts related to the following issues:
· Indication of the number of repetitions for initial transmission and re-transmission.
· Possible application of enhancements envisioned for PUSCH repetition type A and/or bundling.
· Inter-slot frequency hopping.
· Differentiation between UE supporting feature and legacy UE.
This contribution proposes solutions for the indication of the number of repetitions for initial transmission and re-transmission and differentiation from legacy UE.
Indication of the number of repetitions
For the indication of the number of repetitions, the options in TR 38.830 are the following:
	-	Potential specification impacts of indication of the number of repetitions for Msg3 initial transmission include:
-	Explicit indication mechanism, e.g., indicated by RAR UL grant, DCI format 1_0 with CRC scrambled by RA-RNTI or SIB1.
-	Implicit indication mechanism, e.g., determined by PRACH configuration or information carried by RAR.
-	Potential specification impacts of indication of the number of repetitions for Msg3 re-transmission include:
-	Explicit indication mechanism, e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI.
-	Implicit indication mechanism, e.g., determined by Msg3 initial transmission.


The network can configure the UE with preamble groups such that the UE selects a group based on a path loss estimate. In such case, the preamble may provide an early indication of whether the UE would benefit from msg3 repetitions. One solution could therefore be to directly tie the number of repetitions for msg3 (at least initial transmission) to the preamble group. In this case, there would be no need to provide further indication in msg2. Such solution may be attractive from the perspective of minimizing specification impact. However, one drawback is that it is quite restrictive from the perspective of the scheduler since every UE selecting a preamble associated with repetitions is rigidly allocated significant resources regardless of the load in the cell. Further, adding more preamble groups (beyond groups A and group B) for the purpose of indication of the UE’s pathloss leads to further reduction in the PRACH capacity, and a higher probability of preamble collisions. This can be an issue when the cell size is large and there is a considerable number of UEs trying to access the network. To enable more flexible resource allocation for the network, an indication in msg2 seems preferable.
For the indication in msg2, the alternatives are to either indicate the number of repetitions in the DCI format 1_0, or in the UL grant for msg3 which is contained in the payload of the random access response (RAR) MAC PDU. The difference is that indicating in the DCI itself would address a group of UEs (possibly multiple RAR’s), whereas the RAR is addressed only to UEs that transmitted the preamble on the specific PRACH resource associated with the RA-RNTI. It is thus more natural to indicate the number of repetitions as part of the UL grant of the RAR MAC PDU. One can take the same approach as for a regular UL grant where each value of the time domain resource allocation (TDRA) field can be configured with the number of repetitions.
Proposal 1: The TDRA field of the UL grant within the random access response MAC PDU indicates the number of repetitions for the initial transmission of msg3.
The indication in the TDRA field in the RAR MAC PDU is valid at least for the initial transmission of msg3. For potential HARQ retransmissions, one possibility could be to keep the same number of repetitions as for the initial transmissions. However, the UE performs HARQ retransmissions after receiving a DCI format 0_0 with CRC scrambled by TC-RNTI. Such DCI contains its own TDRA field which could also be configured to indicate the number of repetitions. This approach is again more flexible for the network.
Proposal 2: The TDRA field of DCI format 0_0 with CRC scrambled by TC-RNTI indicates the number of repetitions for HARQ retransmission of msg3.
Differentiation from legacy UE
To enable the indication mechanism discussed in the previous section, the UE needs to know the mapping between the TDRA fields in the RAR and DCI format 0_0. The network also needs to know that a certain preamble transmission corresponds to a UE performing RACH using the enhancement for msg3 indication.
This could be achieved by enabling a separate RACH configuration or adding additional information elements within the RACH configuration. In either case, the configuration should be such that UE applying the enhanced procedure uses separate PRACH occasions and/or preambles. For the applicable TDRA table, RAN1 should discuss whether it is configurable or if a new pre-defined TDRA table is sufficient. The latter option would avoid increase of RRC overhead in system information.
Proposal 3: Support separate RACH configuration for UE initiating RACH with msg3 repetition.
Conclusion.
This contribution proposes solutions for the indication of the number of repetitions for initial transmission and re-transmission and differentiation from legacy UE.
Proposal 1: The TDRA field of the UL grant within the random access response MAC PDU indicates the number of repetitions for the initial transmission of msg3.
Proposal 2: The TDRA field of DCI format 0_0 with CRC scrambled by TC-RNTI indicates the number of repetitions for HARQ retransmission of msg3.
Proposal 3: Support separate RACH configuration for UE initiating RACH with msg3 repetition.
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