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Background
At RAN#90 e-meeting, WID of coverage enhancement for uplink channels are approved [1]. We discuss the specification impacts based on the following agreements in the corresponding study item at RAN1#103 e-meeting [2].
	Agreements: Capture the followings into the TR
Enhancements on Msg3 PUSCH repetition were studied from several aspects, including the indication of the number of repetitions for Msg3 initial transmission and re-transmission, the repetition type, the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission, inter-slot frequency hopping and differentiation between enhanced UE and legacy UE. 
· 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.
· Potential specification impacts of the repetition type include:
· Introducing PUSCH repetition Type A.
· Potential specification impacts of the feasibility and applicability of enhancements studied for PUSCH in RRC_CONNECTED state for Msg3 PUSCH initial and re-transmission include:
· The potential specification impacts for the solutions studied in Section 6.1. 
· Potential specification impacts of inter-slot frequency hopping include:
· Inter-slot frequency hopping configuration and frequency hopping pattern. 
· Potential specification impacts of differentiation between enhanced UE and legacy UE include:
· Mechanism to differentiate enhanced UE and legacy UE, e.g., separate PRACH configurations (e.g, separate PRACH occasions or preambles) and separate Msg3 configurations (e.g., separate DMRS ports). 




Discussion
1.1. Coexistence with legacy UEs
For enhancement to a channel used in initial access procedure, coexistence issues between legacy UEs and CE mode UEs (i.e., enhanced UEs with capability of msg3 repetition) should be resolved since the gNB will be required to indicate two msg3 PUSCH configuration for two UE types in a serving cell. In the serving cell, the legacy UE can obtain information only for legacy configuration. However, the CE mode UE may obtain information for both legacy configuration and enhanced configuration. Therefore, a procedure for selection of msg3 PUSCH configuration should be specified. Also, to maintain the common understanding between gNB/UE, early indication of UE type (i.e., legacy or CE mode UE) should be done before msg3 PUSCH transmission in initial access procedure.
Proposal 1: Early indication of UE type (i.e., legacy or CE mode UE) should be done before msg3 PUSCH transmission in initial access procedure.
For early indication of UE type, separate random access preamble index group or separate PRACH occasion between legacy and enhanced configuration can be considered. Separate PRACH occasion means separate PRACH resource configuration. On the other hand, in Rel-17 coverage enhancement WI, no PRACH enhancements are to be specified. Therefore, separate PRACH configuration would be redundant.
Proposal 2: Separate random access preamble index group is configured for early indication of UE type.
On the other hand, fallback operation for CE mode UEs to use legacy msg3 PUSCH configuration should be considered. For example, for CE mode UEs located in cell center, there is no need to apply enhanced msg3 PUSCH configuration. Therefore, for enhanced UEs, additional behavior for selection of msg3 PUSCH configuration should be specified. One possibility is to introduce RSRP threshold based selection procedure as follows. 
Proposal 3: The following is specified in random access resource selection.
1) The UE selects a random access preamble index from an enhanced random access preamble index group when the UE supports the enhanced msg3 PUSCH configuration and the RSRP measured is lower than a configured threshold.
2) Otherwise, the UE selects a random access preamble index from a legacy random access preamble index group.
1.2. Coverage level indication by CE mode UE
When the gNB has no information about channel condition, the gNB cannot make decision on allocation of repetition factor. Additional information about channel condition by UE on top of UE type indication may help for better choice of repetition factor by the gNB. For example, the gNB may configure 2 or 4 or more coverage region, each of which is a region where certain number of repetitions are required (here, the region is called as coverage level). The UE receives an enhanced msg3 configuration with multiple preamble groups for multiple coverage levels. Then, the UE selects one of the multiple preamble groups by using RSRP measured. For example, the enhanced msg3 configuration also includes a RSRP threshold for each coverage level and when the RSRP measured is lower than one threshold for Xth coverage level but higher than another threshold for (X+1)th coverage level, the UE selects the Xth coverage level for preamble selection. Like this way, the UE can indicate coverage level through transmission of random access preamble.
Proposal 4: Coverage level indication is supported through random access preamble selection. 
1.3. Repetition factor indication for msg3
Once the gNB receives coverage level indication, the gNB can allocate an appropriate repetition factor to the UE. If the gNB configures a repetition factor for each coverage level, the UE can determine single repetition factor without any additional signaling in msg2. However, fixed repetition factor for a coverage level is not efficient since the actual number of transmissions is different from the repetition factor in TDD configuration. For example, when the repetition factor is 8 in a TDD configuration (DDDSUDDSUU), the actual number of transmissions is different depending on starting slot for scheduling repetition as in Figure 1. In case 1, repetition starts at first U slot, in case 2, repetition starts at second U slot and, in case 3, repetition starts at third U slot in the TDD configuration cycle. In Figure 1, green color indicates actual transmission where repetition is assumed to be dropped in DL slots and special slots. As in Figure 1, in case 1 and case 2, the number of repetitions is larger than the one in case 3. If the number of actual transmissions required for the coverage level is 2, then configuring repetition factor = 8 in the TDD configuration introduces redundancy in case 1 and case 2. In case 1, the repetition factor = 5 should be configured and, in case 2, the repetition factor = 2 should be configured. Therefore, the repetition factor should be indicated via msg2 dynamically. Further, configurable repetition factor should be reconsidered. For example, repetition factor = 5 should be configurable.
Proposal 5: Repetition factor for msg3 PUSCH should be dynamically indicated by msg2.
Proposal 6: Additional repetition factor on top of ones in Rel-16 should be considered (e.g., 5).


Figure 1: An example of PUSCH repetition in a TDD configuration (DDDSUDDSUU)
1.4. Procedure for msg3 retransmission
In our view, procedure for msg3 retransmission should follow the procedure specified for msg3 transmission as much as possible. Therefore, we think it should be discussed once the procedure specified for msg3 transmission is agreed. 
Conclusion
[bookmark: _GoBack]In this contribution, we have the following proposals:
Proposal 1: Early indication of UE type (i.e., legacy or CE mode UE) should be done before msg3 PUSCH transmission in initial access procedure.
Proposal 2: Separate random access preamble index group is configured for early indication of UE type.
Proposal 3: The following is specified in random access resource selection.
1) The UE selects a random access preamble index from an enhanced random access preamble index group when the UE supports the enhanced msg3 PUSCH configuration and the RSRP measured is lower than a configured threshold.
2) Otherwise, the UE selects a random access preamble index from a legacy random access preamble index group.
Proposal 4: Coverage level indication is supported through random access preamble selection. 
Proposal 5: Repetition factor for msg3 PUSCH should be dynamically indicated by msg2.
Proposal 6: Additional repetition factor on top of ones in Rel-16 should be considered (e.g., 5).
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