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1 Introduction
In RAN#90e[1], a new WID on NR coverage enhancement was approved for Release 17. The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg.3 PUSCH for both FR1 and FR2 as well as TDD and FDD. The detailed objectives of the work item are as follows.
	· Specification of PUSCH enhancements [RAN1, RAN4]
· Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.

· The number of repetitions counted on the basis of available UL slots.

· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]

· TBS determined based on multiple slots and transmitted over multiple slots. 

· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]

· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded

· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
· Specification of PUCCH enhancements [RAN1, RAN4]

· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg.3 [RAN1]


In this contribution, several aspects related to the support of Type A PUSCH repetitions for Msg.3 is to be discussed, including the indication of the number of repetitions for Msg.3 initial transmission and re-transmission, inter-slot frequency hopping and differentiation between UEs requiring coverage enhancement and UEs in normal coverage. 
2 Discussion
2.1 Indication of repetition number 
For initial transmission
As mentioned in [2], Potential mechanisms of indication of the number of repetitions for Msg.3 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.

For the explicit solutions, there are two directions. One is utilizing the common message for the indication such as DCI format 1_0 scrambled by RA-RNTI or SIB1 and the other one is utilizing the UE-specific message such as the UL grant in the RAR. In our option, the UE-specific indication is much preferable considering there are many drawbacks in the common manner solutions. The most significant drawback in the common indication is the resource utilization and power efficiency. Since UEs sharing the same SIB1 or the same DCI format 1_0 experience quite different channel condition and different number of repetitions is required. If we go with the common indication, all the UEs would share the same number of repetitions. For example, different UE types, such as redcap UEs with 3 dB loss due to form factor limitation and normal UEs, or cell centre UEs and cell edge UEs, will share the same repetition number, which is not power and spectrum efficient. Thus, from the aspects of resource utilization efficiency and power efficiency, it is more appropriate to indicate the number of repetitions for Msg.3 initial transmission in UE-specific way, such as indication in RAR UL grant.
For implicit indication mechanism, one possible way is that Msg.3 repetition number is determined by PRACH resource selection. In this method, resource partitioning is needed, i.e., time or frequency resources or preambles are divided into several parts, and each part is associated with a repetition number. As illustrated in Figure 1, if 6 repetition numbers e.g. {1, 2, 4, 8, 16, 32} is configured, then, the resources is to be divided into 6 parts. However, considering that too much resource partitioning may cause a high resource blocking rate, PRACH configuration based implicit indication mechanism seems  undesirable.

[image: image1.png]repetition
number

A | A | A A
[ | \( | )

1 2 4 8 16 32





Figure 1 Example of resource partitioning
In addition, Msg.3 repetition number implicit indicated by the information carried by RAR is also studied in SI. In this method, one possible implicit indication field is TAC, which represents the distance between UEs and the gNB, but it can’t reflect shadow fading related information, so repetition number implicit indicated by TAC is not accurate.

Proposal 1: Utilize explicit way to indicate the number of repetitions for Msg.3 initial transmission.
Proposal 2: It is preferable to indicate the number of repetitions of Msg.3 initial transmission in UE-specific way. E.g., indication in the UL grant in the RAR.
If the number of repetitions of Msg.3 initial access is included in the RAR UL grant, there are two issues to be considered. The first issue is how to incorporate the potential number of repetitions and the other issue is how to indicate the exact number of repetitions. For the first issue, there are two options. One option is to follow the PSUCH repetition number indication mechanism in Rel-16. The repetition number for Msg.3 can also be merged into TDRA table, which is fixed in the specification or given by SIB1. Correspondingly, the TDRA table should be enlarged, e.g., from 16 rows to 64 rows, and the number of bits for TDRA index should also be increased, e.g., from 4 bits to 6bits. The other option is to define the set of potential number of repetitions independently e.g., {1, 2, 4, 8, 12, 16, 24, 32}. The set of potential number of repetitions can be fixed in the specification or indicated in the SIB1. And which one is exactly selected is to further indicated by the UL grant in the RAR.  For these two options, the option 1 reuses the existing framework and it seems there is no reason to break this. No matter which option is utilized to incorporate the set of potential number of repetitions, extra bits for indication of repetition information is needed. Then how to indicate the exact number of repetitions needs careful design. From the aspects of overhead and compatibility, it is better not to increase the size of UL grant in RAR.  Considering that in bad coverage conditions, UEs usually transmit Msg.3 with full power, so there is no need to rely on the TPC field for the power control when repetitions are performed for Msg.3. The TPC field can be reused for extra bits for the indication of repetitions. 
Table 1 example of RAR UL grant for Msg.3 repetition

	RAR UL grant
	length

	Freq. hopping flag
	1

	FDRA
	14

	TDRA
	6

	MCS
	4

	CSI request
	1

	Reserved
	1


Proposal 3: Incorporate the number of repetitions into the TDRA table.
Proposal 4: Reuse the TPC field in UL grant of RAR to indicate the repetition number of Msg.3 initial transmission.
For re-transmission
For Msg.3 re-transmission, potential mechanisms of indication of the number of repetitions 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 Msg.3 initial transmission.

Comparing these two mechanisms, explicit indication e.g., indicated by DCI format 0_0 with CRC scrambled by TC-RNTI could provide more flexibility since the network could adjust the number of repetitions for the retransmission based on the reception situation of the initial transmission. While for the implicit indication mechanism, it seems the network lose such flexibility, which also may incur more unnecessary repetitions on the UE side. Therefore, explicit indication mechanism is more desirable. While for the detailed indication solution by DCI format 0_0, similar to the consideration in the indication in the initial transmission case, the TPC field can be reused as well. 
Proposal 5: DCI format 0_0 based explicit indication of the number of repetitions for Msg.3 re-transmission should be considered.
2.2 Inter-slot Frequency hopping
In current transmission of Msg.3, intra-slot frequency hopping is already supported.  When repetition is supported for Msg.3, inter-slot frequency hopping is possible as well. In this case, the first issue is which frequency hopping mode is to be supported should be considered. In our option, both inter-slot frequency hopping and intra-slot frequency hopping could achieve the frequency diversity gain. While, inter-slot frequency hopping could achieve better channel estimation performance due to more RS can be utilized. Furthermore, in poor channel condition, the overall performance is more susceptible to the channel estimation performance. So, considering this aspect, only support inter-slot frequency hopping is sufficient. 
Proposal 6: Only inter-slot frequency hopping is supported for Msg.3 transmission with repetitions.
The other issue to be solved is how to configure the related parameters when inter-slot FH is supported for Msg.3 repetition. Usually, semi-static configuration combining with dynamic indication is used to support frequency hopping. For example, for Msg.3 intra-slot FH, FH can be dynamically enabled or disabled by RAR UL grant, and, to determine the start RB of a hop, there is a RB offset list configuring in the specification and the exact value is dynamically indicated by RAR UL grant. From the perspective of overhead and compatibility, it is better that the configuration and indication mechanism of Msg.3 intra-slot FH can be reused for Msg.3 inter-slot FH. 
Proposal 7: Reuse the configuration of Msg.3 intra-slot FH to Msg.3 inter-slot FH. 
2.3 Differentiation between UEs in enhanced coverage and UEs in normal coverage
The link adaptation is different between UEs in enhanced coverage and UEs in normal coverage. Repetitions are required for the UEs in enhanced coverage, while MCS adaptation is sufficient for the UEs in normal coverage. Thus, the network should know which UEs need coverage enhancement for Msg.3 before RAR transmission. PRACH configuration based differentiation is a good way. The PRACH resource including the time domain, frequency domain and preambles are divided into multiple subsets and different subsets are associated with different channel status e.g., different PRACH subset resources are associated with different RSPR ranges. Then, UEs could select corresponding PRACH resource based on the RSRP measurement. On the network side, the gNB could get the information of the UE’s coverage status by the reception of preamble. 
In the release 17 discussion, the reduced capability device type is to be imported. According to the TR 38.875, this kind of UEs experience at least 3dB coverage loss in Msg.3 and PUSCH considering the antenna efficiency loss due to small factor impact. And during the discussion in the last RAN plenary meeting, there is a trend that the UL coverage recovery of Redcap is to be discussed in the coverage enhancement project. If the reduced capability devices are imported into the network, due to the different UE capability between normal UE and Redcap UEs e.g., different maximum UE bandwidth, early indication via Msg.1 is necessary to perform suitable processing in the transmission of Msg.3, Msg.5 and PUCCH carrying HARQ-ACK for Msg.4 as analysed in our companion contribution [3]. Within the PRACH resource dedicated for the Redcap devices, the PRACH resource should be further partitioned into more than one sets in order to indicate different coverage status of Redcap devices.  Fig.2 shows an example for the PRACH resource partition. Firstly, the PRACH resource is divided into from the dimension of UE type and then the PRACH resource is further divided in the dimension of coverage statuses. This kind of resource partition also incurs PRACH resource fragment and how to mitigate the negative impact also needs further studies. 
Proposal 8: PRACH resource partition can be considered to indicate the coverage status for both normal UEs and reduced capability UEs 

· How to avoid too much PRACH resource fragment needs further study.
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Figure 2 example of PRACH resource configuration for UE differentiation
3 Conclusion
In this contribution, we discuss the mechanisms to support Type A PUSCH repetitions for Msg.3. Based on the discussion, our views are summarized as follows.
Proposal 1: Utilize explicit way to indicate the number of repetitions for Msg.3 initial transmission.
Proposal 2: It is preferable to indicate the number of repetitions of Msg.3 initial transmission in UE-specific way. E.g., indication in the UL grant in the RAR.
Proposal 3: Incorporate the number of repetitions into the TDRA table.
Proposal 4: Reuse the TPC field in UL grant of RAR to indicate the repetition number of Msg.3 initial transmission.

Proposal 5: DCI format 0_0 based explicit indication of the number of repetitions for Msg.3 re-transmission should be considered.

Proposal 6: Only inter-slot frequency hopping is supported for Msg.3 transmission with repetitions.
Proposal 7: Reuse the configuration of Msg.3 intra-slot FH to Msg.3 inter-slot FH. 
Proposal 8: PRACH resource partition can be considered to indicate the coverage status for both normal UEs and reduced capability UEs 

· How to avoid too much PRACH resource fragment needs further study.
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