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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
In RAN#90-e, the new WID on NR coverage enhancement was approved [1]. Its content largely based on the results obtained during SI phase [2] and detailed in TR 38.830 [3]. The following can be noted from WID objectives:
· Specify mechanism(s) to support Type A PUSCH repetitions for Msg3 [RAN1]
In this contribution, we discuss aspects related to the normative work necessary to provide support to Type A PUSCH repetition for Msg3 in Rel-17.
[bookmark: _Hlk61449522]2		Type A PUSCH repetitions for Msg3
From a high-level perspective, Msg3 can be considered as the payload of a specific instance of PUSCH transmission then UE is in RRC_INACTIVE state. Indeed, such message of non-negligible and deterministic payload is transmitted over PUSCH prior to RRC connection establishment. In practice, both its non-negligible payload and absence of proper RRC connection may strongly impact Msg3 coverage, for instance due to a lower antenna array gain. According to the WID objectives, the coverage of this message is to be improved by resorting to Type A PUSCH repetitions, whose support will have to be developed and specified in Rel-17.
We identify three major aspects which will have to be considered to add the support to Type A PUSCH repetitions for Msg3 in Rel-17:
1. Number of configurable repetitions. This number impacts the coverage, the latency of the RACH procedure completion and the flexibility of UL resource utilization. A careful choice is necessary to ensure that a good trade-off between MCL and latency increase, and flexibility reduction. This is particularly true in TDD deployments, where DL-heavy slot structures are often preferred, e.g., number of U slots may not exceed 20% of the total.  
2. Identification of UEs supporting Rel-17 coverage enhancements (CE UEs) prior to RRC connection. This aspect impacts the latency of the RACH procedure completion and can also affect the flexibility and the efficiency of DL and UL resource utilization for subsequent Msg2 and Msg3 transmission. An oblivious gNB, that is a gNB which does not have access to information related to the presence of CE UEs in the cell and their number (if any), may need to allocate DL and UL resources for Msg2 and Msg3 in sub-optimal ways to ensure that CE UEs can indeed repeat Msg3 over PUSCH. On the other hand, allowing CE UEs to inform gNB of their presence in the cell, e.g., by means of implicit signalling, would entail the reduction of available resources for legacy UEs, in turn yielding a collision probability increase for msg1 transmissions and a consequent latency increase for the completion of the RACH procedure.
3. Msg3 repetition trigger. Repetitions can be triggered in several ways. Both explicit and implicit mechanisms can be envisioned. In this context, the trigger could be either a standalone activation command or coupled with a dynamic indication of the number of Msg3 repetitions the CE UE should perform (the latter approach assumes multiple configuration choices).
[bookmark: _Toc61633916]Observation 1. Msg3 repetitions impact the coverage, the latency of the RACH procedure completion and the flexibility of UL resource utilization. 
[bookmark: _Toc61633917]Observation 2. Identification of CE UEs prior to RRC connection impacts the latency of the RACH procedure completion and can also affect the flexibility and the efficiency of DL and UL resource utilization for subsequent Msg2 and Msg3 transmission.
[bookmark: _Toc61633918]Observation 3. Both explicit and implicit mechanisms to trigger Msg3 repetitions can be envisioned.

2.2.1 Number of Msg3 repetitions
We start by considering the possible MCL/MIL/MPL increase brought by repeating Msg3  times, previously reported in [4]. For the sake of completeness, we extend the set of tested number of repetitions to include 12 and 16 as well. Two scenarios are considered, one for FR1, i.e., 4 GHz Urban, and one for FR2, i.e., 28 GHz Urban. NLOS O2I propagation is assumed and 10%-BLER SINR [dB] of Msg3 when no repetition is performed is used as the baseline (as per our results in [5] and [6]). Intra-slot FH hopping is considered for both cases. The SINR increase brought by different values of  is illustrated in Table 1.
	
	
	
	
	N=12
	N=16

	4 GHz Urban
	1.89
	2.82
	2.88
	1.91
	1

	28 GHz Urban
	1.8
	2.05
	2.9
	2.43
	0.88


[bookmark: _Ref53769583]Table 1. 10%-BLER SINR of Msg3 with and without repetitions.
Quantitatively, the MCL/MIL/MPL of Msg3 experiences an overall 10.5 dB and 10.06 dB increase for 4 GHz Urban and 28 GHz Urban, respectively, when going from no to 16 Msg3 repetitions. In other words, a non-negligible positive impact is shown for both FR1 and FR2 when Msg3 is repeated, with significant 10%-BLER SINR reduction at every doubling of the number of repetitions. On the other hand, it is worth observing that the relative increase at every doubling yields diminishing returns for .
[bookmark: _Toc61633919]Observation 4. Msg3 repetitions yield non-negligible coverage benefits which increase with the number of repetitions, however diminishing returns are observed for .
If analyzed as a standalone feature, the benefit of Msg3 repetitions is rather clear, and the higher the number of repetitions the larger the potential coverage increase experienced by a coverage limited UE. On the other hand, such feature may have a non-negligible impact on several other aspects of the RACH procedure, namely:
1. The overall latency for the completion of the RACH procedure. Each UE’s transmission’s latency will impact not only the duration of its RACH procedure, but also the one of other UEs. Indeed, a larger resource utilization by any CE UE would reduce the available resources for other UEs (CE or not).
2. The efficiency and flexibility of the UL resources utilization prior to RRC connection, given both the limited number of available U slots in typical slot structures and the actual number of U slots which would be occupied for Type A Msg3 repetitions.
3. The payload of other indicators/messages, for instance DCI and/or Msg2, depending on whether multiple repetition numbers are configurable.
For all these reasons, identifying the most meaningful number of repetitions for specification, and/or the set of supported repetition numbers (if more than one configuration is supported), is a non-trivial matter which requires further analysis and discussions.
[bookmark: _Toc61633920]Observation 5. Msg3 repetitions yield coverage benefits at the cost of higher latency, possible lower efficiency and flexibility of UL resources utilization prior to RRC connection and possible larger payload of previous indicators/messages.
[bookmark: _Toc61633921]Observation 6. Selecting the most meaningful number of repetitions for specification, and/or the set of supported repetition numbers (if more than one configuration is supported), is a non-trivial matter which requires further analysis and discussions
[bookmark: _Toc61633958]Proposal 1. The identification of the supported number(s) of Msg3 repetitions should be carried out while considering the trade-off between at least increased coverage, increased latency, reduced flexibility and reduced efficiency of UL resource utilization. 

2.2.2 Identification of CE UEs prior to RRC connection
Legacy UEs, i.e., Rel-15/16 UEs, do not support Msg3 PUSCH repetitions. Conversely, a Rel-17 UE may support Msg3 repetitions and related configurations. Both categories of UEs may exist in a cell at the same time. Prior to RRC connection, gNB would likely be incapable of determining the capabilities of all UEs attempting access, unless specific mechanisms are devised for this information to be acquired before Msg2 is transmitted.  
As previously discussed, a gNB which does not have access to information related to the presence of CE UEs in the cell and their number (if any) cannot know when to trigger Msg3 repetitions, i.e., which UEs could support Msg3 repetitions. Two options exist:
1. gNB is oblivious of the presence or not of CE UEs in the cell. Possibly redundant DL and UL resources are used for transmitting Msg2 and Msg3 to account for the possibility that UEs in coverage shortage may or may not support Msg3 repetitions. This sub-optimal approach would yield a less efficient resource utilization, given that gNB may often resort to decisions capable to accommodating the “more resource consuming” case, i.e., UEs experiencing coverage shortage are all CE UEs. 
2. CE UEs signal their enhanced capabilities during step 1 of the RACH procedure. This signaling would likely be implicit to ensure backward compatibility with existing procedures and would allow CE UEs to inform gNB of their presence in the cell. Several mechanisms could be envisioned to this end, legacy and CE UEs could for instance make use of separate PRACH configurations, different preamble groups, and/or separate RO occasions per preamble. All such options would have to be carefully evaluated and others are possible. 

Now, while certainly beneficial to minimize redundancies in the subsequent operations, this approach would clearly cause a reduction of available resources for legacy UEs, e.g., an excessive fragmentation of the overall configured preamble group, a much larger time to ensure all UEs in the cell attempting access can have a possibility to perform Msg1 transmission, and so on. This could have several negative consequences, such as collision probability increase for msg1 transmissions of both legacy and CE UEs, a consequent latency increase for the completion of the RACH procedure, more complex scheduling procedures at gNB, just to name a few. The situation would be further aggravated by the fact that Msg1 can be retransmitted a certain number of times by all UEs not receiving Msg2 within the RAR window or Msg4 after the contention resolution window expires. Moreover, it should be noted that all these options would assume that some CE UEs attempting access exist in the cell, whereas this may not be the case in practice. In this context, efficiency, performance and latency of the PRACH (and, more generally, RACH) procedure would be worse than in the legacy case with no UE experiencing coverage benefits. In other words, any signalling structure meant to be used by CE UEs to inform gNB about their presence would come at a non-negligible cost which would have to be carefully assessed, while taking into account costs and benefits of the blind approach based on oblivious gNB.
[bookmark: _Toc61633922]Observation 7. From gNB’s perspective, identifying the capabilities of all UEs attempting access in the cell, unless specific mechanisms are devised for this information to be acquired before Msg2 is transmitted, is non-trivial, if possible.
[bookmark: _Toc61633923]Observation 8. A gNB unaware of UE’s capabilities prior to Msg2 transmission would likely yield less efficient UL and DL resource utilization for both Msg2 and Msg3 transmission
[bookmark: _Toc61633924]Observation 9. Ensuring awareness of UE’s capabilities prior to Msg2 transmission comes at the cost of lower efficiency, lower performance and larger latency of the PRACH (and, more generally, RACH) procedure, with no guarantee that any UE attempting access in the cell would experience better Msg3 coverage.
[bookmark: _Toc61633959]Proposal 2. The cost of specifying any signalling structure meant to be used by CE UEs to inform gNB about their presence and CE capabilities, is non-negligible and shall be carefully assessed by RAN1 and compared to costs and benefits of the blind approach based on oblivious gNB.

2.2.3 Msg3 repetition trigger
Several explicit methods could be envisioned to trigger MSG3 repetitions. All of them can be mapped to two categories, depending on how the number of Msg3 repetitions is configured by gNB:
1. A cell-specific static number of repetitions is configured by gNB for all CE UEs, and the trigger simply provides activation command for the UE to perform the Msg3 repetitions;
2. A UE-specific dynamic number of repetitions is configured by gNB via the trigger.
The first category provides the simplest approach from the point of view of the signaling. Indeed, only a simple trigger would be needed to inform CE UEs to perform Msg3 transmission using the statically configured cell-specific number of repetitions. However, this approach has the evident disadvantage of not being able to adapt the resource allocation for the CE UE repeating Msg3 to the actual coverage condition of that CE UE. Furthermore, it would likely require the smaller amount of additional signaling bits, w.r.t. legacy structures, than the UE-specific approach.
[bookmark: _Toc61633925]Observation 10. A cell-specific static number of Msg3 repetitions triggered via a simple activation command is the simplest approach possible from the point of view of the signaling but cannot be used to adapt the resource allocation for the CE UE repeating Msg3 to the actual coverage condition of that CE UE.
[bookmark: _Toc61633926]Observation 11. Cell-specific static configuration of the number of Msg3 repetitions supported in the cell would require a smaller amount of additional signaling bits, w.r.t. legacy structures, than the UE-specific counterpart.
The second category offers the flexibility to adapt the resource allocation for the CE UE repeating Msg3 to the actual coverage condition of that CE UE. This is arguably the most interesting approach from network perspective, given that it ensures a more efficient use of the UL resources, thanks to the UE-specific configuration. However, it comes at the cost of a larger number of resources used by gNB for the trigger, e.g., a larger number of signaling bits, as compared to the cell-specific counterpart, and regardless of how the trigger is designed. Accordingly, suitable considerations and evaluations would have to be carried out to identify and design the solution which should be supported in Rel-17. 
[bookmark: _Toc61633927]Observation 12. UE-specific configuration offers the flexibility to adapt the resource allocation for the CE UE repeating Msg3 to the actual coverage condition of that CE UE, and comes at the cost of a larger number of resources used by gNB for the trigger, e.g., a larger number of signaling bits, as compared to the cell-specific counterpart, and regardless of how the trigger is designed.
From a specification perspective, support of both UE-specific and cell-specific approaches could be added by means of suitable modifications of the:
· corresponding MAC subPDU carried by Msg2, or 
· DCI format 1_0 with CRC scrambled by RA-RNTI for first Msg3 transmission, or
· DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 re-transmission.
Pros and cons exist for all the above three options, which should be further analyzed and discussed before identifying the best way forward. A down-selection to one approach per transmission type at the most (first or retransmission) should be performed based on further studies. 
[bookmark: _Toc61633960]Proposal 3. Further analyze and discuss the following three approaches for explicitly triggering Msg3 transmission with repetitions:
· Option 1: RAR UL grant.  
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI for first Msg3 transmission. 
· Option 3: DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 re-transmission.  

3	Conclusions
In this contribution, we discussed aspects related to the normative work necessary to provide support to Type A PUSCH repetition for Msg3 in Rel-17. The following observations have been made:
Observation 1. Msg3 repetitions impact the coverage, the latency of the RACH procedure completion and the flexibility of UL resource utilization.
Observation 2. Identification of CE UEs prior to RRC connection impacts the latency of the RACH procedure completion and can also affect the flexibility and the efficiency of DL and UL resource utilization for subsequent Msg2 and Msg3 transmission.
Observation 3. Both explicit and implicit mechanisms to trigger Msg3 repetitions can be envisioned.
Observation 4. Msg3 repetitions yield non-negligible coverage benefits which increase with the number of repetitions, however diminishing returns are observed for .
Observation 5. Msg3 repetitions yield coverage benefits at the cost of higher latency, possible lower efficiency and flexibility of UL resources utilization prior to RRC connection and possible larger payload of previous indicators/messages.
Observation 6. Selecting the most meaningful number of repetitions for specification, and/or the set of supported repetition numbers (if more than one configuration is supported), is a non-trivial matter which requires further analysis and discussions
Observation 7. From gNB’s perspective, identifying the capabilities of all UEs attempting access in the cell, unless specific mechanisms are devised for this information to be acquired before Msg2 is transmitted, is non-trivial, if possible.
Observation 8. A gNB unaware of UE’s capabilities prior to Msg2 transmission would likely yield less efficient UL and DL resource utilization for both Msg2 and Msg3 transmission
Observation 9. Ensuring awareness of UE’s capabilities prior to Msg2 transmission comes at the cost of lower efficiency, lower performance and larger latency of the PRACH (and, more generally, RACH) procedure, with no guarantee that any UE attempting access in the cell would experience better Msg3 coverage.
Observation 10. A cell-specific static number of Msg3 repetitions triggered via a simple activation command is the simplest approach possible from the point of view of the signaling but cannot be used to adapt the resource allocation for the CE UE repeating Msg3 to the actual coverage condition of that CE UE.
Observation 11. Cell-specific static configuration of the number of Msg3 repetitions supported in the cell would require a smaller amount of additional signaling bits, w.r.t. legacy structures, than the UE-specific counterpart.
Observation 12. UE-specific configuration offers the flexibility to adapt the resource allocation for the CE UE repeating Msg3 to the actual coverage condition of that CE UE, and comes at the cost of a larger number of resources used by gNB for the trigger, e.g., a larger number of signaling bits, as compared to the cell-specific counterpart, and regardless of how the trigger is designed.

In addition, the following proposals have been made:
Proposal 1. The identification of the supported number(s) of Msg3 repetitions should be carried out while considering the trade-off between at least increased coverage, increased latency, reduced flexibility and reduced efficiency of UL resource utilization.
Proposal 2. The cost of specifying any signalling structure meant to be used by CE UEs to inform gNB about their presence and CE capabilities, is non-negligible and shall be carefully assessed by RAN1 and compared to costs and benefits of the blind approach based on oblivious gNB.
Proposal 3. Further analyze and discuss the following three approaches for explicitly triggering Msg3 transmission with repetitions:
· Option 1: RAR UL grant.  
· Option 2: DCI format 1_0 with CRC scrambled by RA-RNTI for first Msg3 transmission. 
· Option 3: DCI format 0_0 with CRC scrambled by TC-RNTI for Msg3 re-transmission.  
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