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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 design aspects of Type A PUSCH repetition for Msg3 in Rel-17.
[bookmark: _Hlk61449522]2		Type A PUSCH repetitions for Msg3
The following aspects will be discussed in this section:
1. PRACH resources for UE’s Msg3 repetition request: it is unclear whether reserved preamble or reserved ROs (or combination of the two resources) should be used by the UE to issue a Msg3 repetition request. 
2. UE capability of supporting Msg3 repetitions: According to the currently agreed procedure, UEs supporting Msg3 repetitions may request Msg3 repetitions via Msg1 (subject to conditions which are still FFS). However, UEs who request Msg3 repetitions during initial access may be a very small subset of the UEs in the cell which support Msg3 repetitions. Therefore, at any given time, gNB may not know how many UEs in the cell are capable of repeating Msg3 and may be requesting to be configured for those, at the same time (the worst case). 
3. Frequency hopping for Msg3 repetitions: So far only support of inter-slot FH has been agreed on. Technical need intra-slot FH is unclear in the context of Msg3 repetitions.
4. [bookmark: _Hlk71023373]Determination of RV sequence for initial Msg3 transmission: Currently only the RV id of the first repetitions is been agreed on. A decision on other RV ids has yet to be taken. 
5. Indication of the number of repetitions for initial Msg3 transmission: UL grant scheduling Msg3 will be used for indicating the number of repetitions for Msg3 initial transmission. MAC RAR may offer convenient means of complementing this indication, while preserving backward compatibility of UL grants.
6. Msg3 repetition trigger: Upon reception of Msg3 repetition request from UE, gNB decides whether configuring a certain repetition number of Msg3 repetitions to the UE or not. In this context, Msg3 repetitions should not only be configured via UL grant (as per agreement) but also explicitly triggered via another mechanism. This would allow the coverage enhanced UE to understand that the UL grant carries repurposed fields to configure the number of Msg3 repetitions. 
7. 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. 
8. Determination of available slots for Msg3 repetitions: it is currently unclear if Rel-16 or Rel-17 Type A PUSCH repetitions logic should apply for available slots determination for Msg3 repetitions in Rel-17. 
9. Early termination of Msg3 repetitions: it is unclear if this aspect is needed.
2.1 PRACH resources for UE’s Msg3 repetitions request
[bookmark: _Ref53769583]In RAN1#104-b-e, the following agreement was made regarding the high-level signaling structure of Msg3 repetition feature:
	Agreement: 
For Msg3 PUSCH repetition, support the following modified Option 2-1. 
· Option 2-1: For UE requested Msg3 PUSCH repetition with gNB indicating the number of repetitions,
· A UE can request Msg3 PUSCH repetition via separate PRACH resources (FFS details, e.g., separate PRACH occasion or separate PRACH preamble in case of shared PRACH occasions after SSB association, etc.).
· Whether a UE would request is based on some conditions, e.g., measured SS-RSRP threshold, which may or may not have spec impact.
· If Msg3 PUSCH repetition is requested by UE, gNB decides whether to schedule Msg3 PUSCH repetition or not. If scheduled, gNB decides the number of repetitions for Msg3 PUSCH 3 (re)-transmission.  
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
· FFS details if any.




To preserve good performance of access operations, PRACH resources should be preserved as much as possible. Many features and applications rely on PRACH resources and need partitioning/fragmenting PRACH resources. The choice on how to configure such partitions, and make use of them, is up to gNB. In this context, if the number of possible partitions is rather small, gNB should be able to make sure all applications and features can be operated with at least acceptable quality of service. However, this is already not the case in practice. Currently, the following applications/features should make use, or will make use in Rel-17, of PRACH resources to be operated properly:

· GroupA/B for CBRA in 4-step RACH, depending on Msg3 size and measured pathloss at UE.
· 2-step RACH.
· Multiple SSBs per RO. 
· On demand SI.
· CFRA.
· RACH based small data transmission (RA-SDT, for which if ROs for SDT and non SDT are same, preamble partitioning is needed) [4].
· UE identification for RedCap in Rel-17 [5].
In practical deployments, gNB has complete control on how many of these features should be activated at the same time. On the other hand, most of these features will likely be configured at the same time in the cell or may certainly happen to be configured at the same time. In this sense, it is safe to assume that careful configuration of PRACH resources is paramount to ensure good performance of RA procedures.
[bookmark: _Toc71571258]Observation 1. Many features/applications can or will make use of PRACH resources in Rel-17, to be operated properly. 
There are two types of PRACH resources which can be used to enable the applications/features above:
· Preambles.
· RACH occasions (ROs). 
Up to maximum 64 preambles can be configured in the cell. This number is not very large, especially since the distribution of UEs for which at least one of the above features is needed, and the number of UEs, is not known at all instants by gNB. Only approaches based on either arbitrary parameterization or statistics of past services can be used by gNB in this case. This is a major source of concerns, especially if minimum performance guarantees are to be maintained. 
[bookmark: _Toc71571259]Observation 2. Further preamble space fragmentation can only come at the cost of performance degradation of PRACH. 
The second type of PRACH resources which could be used in alternative to or in conjunction with preambles for Msg3-related signalling, are the so-called ROs. Several approaches could be envisioned in this sense. One possibility could be to reserve some ROs for the Msg3-related signalling. Such signalling could then take place without reserving any preamble for Msg3-related signalling. However, this may reduce the number of ROs available for other uses (e.g., legacy/RedCap and so on), in turn significantly increasing:
· Either the amount of U slots necessary to map all SSBs to at least one RO for the same collision probability, or 
· The collision probability for the same amount of U slots used to map all SSBs to at least one RO.
Both effects could be detrimental for the performance of Msg1 transmission, and RACH in general. Proper ROs configuration is paramount. This problem could be further aggravated by the fact that the number of ROs (together with the number SSB mapped to each RO) is carefully configured by gNB in NR depending on how, and how many, analogue beams are implemented/used. 
In summary, performance degradation seems to be unavoidable when PRACH resources are used for Msg3-related signalling. Therefore, the choice RAN1 will make on the PRACH resources to be used by UE for Msg3 request should be based on risk/loss minimisation logic. In this context, configuring the preamble space to accommodate signalling for Msg3 repetition request may be subject to a much larger set of constraints as compared to an optimized ROs configuration, as per discussion above, if latency is not an issue. Two cases can be envisioned:
1. a larger number of ROs could be configured, where some ROs are reserved for Msg3 repetition request using the same preambles configured for 4-step RACH, to ensure that CE 4-step RACH is characterized by the same collision probability  as legacy and 4-step RACH. 
2. Hybrid approaches could also be considered, in which a smaller number of reserved ROs is configured along with a limited number of shared ROs with legacy PRACH procedure. In this case, the number of reserved preambles could be smaller, due to the presence of reserved ROs as well. 
The first case seems to require a smaller effort from gNB’s perspective. Hence, if latency is not an issue, it would seem desirable to let UE request Msg3 PUSCH repetition via separate reserved ROs, while using the same preambles configured for legacy 4-step RACH.
[bookmark: _Toc71571260]Observation 3. Performance degradation associated to using PRACH resources for requesting Msg3 repetitions is unavoidable, thus the choice of which PRACH resources are to be used for requesting Msg3 repetitions should be based on risk/loss minimisation logic.
[bookmark: _Toc71571137][bookmark: _Toc71571318]Proposal 1. UEs shall request Msg3 PUSCH repetition via separate RO while using the same preambles configured for legacy 4-step RACH.

2.2 UE capability of supporting Msg3 repetitions
In the agreement reported in Section 2.1, the following FFS can be found:
· FFS the UE capability of supporting Msg3 PUSCH repetition can be reported after initial access procedure as usual
From our perspective, this is a fundamental element to have it in the design, due to the agreement RAN1 had on the high-level signalling structure. Indeed, if all CE UEs capable of repeating Msg3 did not report this capability (as per usual procedure), gNB would not be able to know how many CE UEs could potentially need Msg3 repetitions during CBRA at the same time, in the worst case. Indeed, if usual capability reporting did not take place gNB would only be able to know that the CE UEs for which Msg3 repetitions have been configured and RACH procedure could be completed successfully, i.e., a unique C-RNTI is assigned to these UEs, are capable of repeating Msg3. Conversely, gNB would not have any information related to the capability of supporting Msg3 repetitions for all Rel-17 UEs actually capable of repeating Msg3 and for which:
· the Msg3 repetitions request is not performed; or
· the Msg3 repetition request is performed by the UE but gNB does not schedule Msg3 with repetitions, due to any reasons; or
· the Msg3 repetition request is performed by the UE and gNB schedules Msg3 with repetitions, but Msg3/Msg4 transmission fails, in turn preventing TC-RNTI to become a C-RNTI.
This very limited information on gNB’s side could entail a very sub-optimal configuration of PRACH resources, e.g., preambles and ROs, which could be over/under sized w.r.t. the actual situation and needs in the cell. This would impact performance and efficiency of RACH procedure significantly. Conversely, if capability reporting took place as usual, by means of the usual capability containers, then PRACH resources configuration and scheduling could be optimized at gNB.
It could be argued that such information may not be extremely helpful given that UEs perform initial access only once when they join the cell. However, this statement would be not accurate. Indeed, the CBRA procedure in NR is used not only for initial access, but is triggered by at least 9 additional events [6], [7] :
· RRC connection re-establishment after RLF.
· Handover (fallback option).
· UL/DL data arrival in RRC_CONNECTED with non-synchronized UL.
· UL data arrival in RRC_CONNECTED with no PUCCH resources allocated for SR.
· SR Failure, i.e., UL data is available, and no UL grant is given in response to a SR.
· Transition from RRC_INACTIVE to RRC_CONNECTED.
· On demand SI if the request comes with Msg3.
· Beam failure recovery (fallback option).
· Establishing time alignment when adding SCell (triggered by PDCCH order).
In this context, it is paramount to give gNB the possibility of optimizing the configuration of PRACH resources in the cell, considering all possible applications gNB may need to configure and that could use PRACH in the context of CBRA (as per list above), e.g., 4-step/2-step RA, SDT, RedCap identification and so on. In other words, UE should always report the capability of supporting Msg3 repetitions or not, by means of the usual mechanisms/containers.
Advantages of this reporting are obvious, whereas drawbacks are not. Indeed, there does not seem to be any disadvantage in, or additional complexity caused by, having UE reporting the capability related to Msg3 repetition, after RRC connection is established, as usual.
[bookmark: _Toc71571138][bookmark: _Toc71571319]Proposal 2. UEs supporting Rel-17 coverage enhancement features shall report such support upon completion of the RACH procedure via usual capability container. 
[bookmark: _Toc71571261]Observation 4. At least 9 events other than initial access can trigger CBRA procedure.
[bookmark: _Toc71571262]Observation 5. it is paramount for the UE to report the capability of supporting Msg3 repetitions, whenever applicable, to give gNB the possibility of optimizing the configuration of PRACH resources in the cell, considering all possible applications gNB may need to configure and that could use PRACH in the context of CBRA.
[bookmark: _Toc71571139][bookmark: _Toc71571320]Proposal 3. UEs supporting Msg3 repetition shall report such capability upon completion of the RACH procedure via usual capability container. 

[bookmark: _Hlk71023256]2.3 Frequency hopping for Msg3 repetitions
In Rel-15/16, only intra-slot FH is supported for Msg3 transmission. Indeed, given the lack of support to Msg3 repetitions, the notion of inter-slot FH would not make sense in this case. On the other hand, in the context of Rel-17 WID, where support of Msg3 repetitions is being designed, it is legit to wonder if both types of FH supported for RRC_CONNECTED PUSCH should be supported for Msg3 repetitions over PUSCH as well.

The following agreement was made during RAN1 #104-e:

	Agreements:
Support inter-slot frequency hopping for repetition of Msg3 initial and re-transmission.
FFS details, e.g., signaling etc.



We start by focusing on intra-slot FH. The main advantage of intra-slot FH is the larger flexibility gNB could enjoy when scheduling resources for PUSCH in general, and for Msg3 transmission more specifically. This gives gNB the possibility of designing more efficient hopping patterns among UEs, based for instance on a 7-symbols duration per hop, which could be very useful in case of high UL traffic.  Furthermore, intra-slot FH could be the only way to ensure frequency diversity gain for Msg3 transmissions where no repetition is triggered/configured. Indeed, only intra-slot FH could be enabled for these UEs.
[bookmark: _Toc71571263]Observation 6. Intra-slot FH provides a larger flexibility to gNB when scheduling resources for PUSCH in general, and for Msg3 transmission more specifically.
[bookmark: _Toc71571264]Observation 7. Intra-slot FH is the only way to ensure that the Msg3 transmission performed by legacy or CE UEs, not configured/triggered for transmitting Msg3 with repetitions, could experience frequency diversity gain.
On the other hand, results shared by some companies during RAN1 #104-b-e showed that benefits of intra-slot FH in case of Msg3 repetitions are unclear. Performance degradation has been reported as well. The following observations can be made:
· Since inter-slot FH is already possible, a rather large amount of frequency diversity can already be harnessed, without occupying twice the number of PRBs per slot, as would be the case for intra-slot FH.  
· Intra-slot FH may suffer from channel estimation accuracy reduction due to a lower number of DMRS symbols used for estimating the channel per hop, for the same number of DMRS symbols per slot.
· Assessing the potential impact, if any, of the supposed higher multiplexing among UEs which could be realize by means of intra-slot FH, as opposed to inter-slot FH, is nontrivial. This requires specific SLS simulations, which may also yield scenario-specific results. 
Overall, there does not seem a consensus in RAN1 about the suitability of intra-slot FH in the context of Msg3 repetitions. Additional studies and discussions may be needed to conclude on this aspect.
[bookmark: _Toc71571140][bookmark: _Toc71571321]Proposal 4. Discussion on intra-slot FH support Msg3 transmission with repetitions should be deprioritized or subject to further studies.     
It was also argued by some companies that triggering intra-slot FH may require an additional bit in the UL grant carried by Msg2. This statement does not seem accurate, given that no additional bit in Msg2 would be necessary to either trigger intra-slot or inter-slot FH if the legacy approach to PUSCH configuration were to be reused for configuring FH for Msg3 repetitions. 
In Rel-15, FH mode is higher-layer configured via the field 
frequencyHopping                        ENUMERATED {intraSlot, interSlot}
where the value intraSlot enables 'Intra-slot frequency hopping' and the value interSlot enables 'Inter-slot frequency hopping'. If the field is absent, FH is not configured. Therefore, if RAN1 agreed to support intra-slot FH for Msg3 repetitions, the field above could simply be introduced in SIB1, to configure which FH mode the UEs in the cell should use for performing Msg3 repetitions. Existing FH bit in the RAR UL grant/DCI 0_0 format scrambled by TC-RNTI could then be used by gNB to trigger FH or not, according the FH mode indicated via SIB1. This would guarantee a reasonable degree of flexibility to gNB and would not require UEs to support a FH mode which is not already supported by Rel-15/Rel-16 PUSCH. 
[bookmark: _Toc71571265]Observation 8. No additional bit in Msg2 would be necessary to either trigger intra-slot or inter-slot FH if the legacy approach to PUSCH configuration were to be reused for configuring FH for Msg3 repetitions. 
[bookmark: _Toc71571141][bookmark: _Toc71571322]Proposal 5. If both inter-slot FH and intra-slot FH are supported for Msg3 repetitions, where only one FH mode can be configured for the whole cell at a time, FH mode is selected using legacy Msg2-based 1-bit signaling.

    
2.4 Determination of RV sequence for Msg3 initial transmission 
In RAN1#104-b-e, the following agreement was made on how the determination of RV sequence for initial Msg3 transmission should be performed in Rel-17:
	Agreements: For the determination of RV for Msg3 PUSCH repetition, 
· RV of the first repetition is determined in the same way as legacy.
· Use RV 0 for the first repetition of Msg3 PUSCH initial transmission.
· Use a dynamically indicated RV id via DCI 0_0 with CRC scrambled by TC-RNTI for the first repetition of Msg3 PUSCH re-transmission.
· FFS determination of the RV sequence.  



When RRC_CONNECTED PUSCH is scheduled with repetition, the redundancy version is indicated by DCI scheduling the PUSCH. For initial transmission of Msg3 with repetitions, the corresponding PUSCH is scheduled via UL grant provided via Msg2, which does not include information about RV id. The agreement above stipulates that the RV id of the first repetition, in this case, should be the same as for legacy Msg3, i.e., RV 0.
Two possible implications exist at this stage:
1. RV sequence [0 2 3 1] is used for Msg3 initial transmission.
2. An arbitrary [0 m n l] sequence, with first RV id equal to 0, is used for Msg3 initial transmission. 
In this context, the necessity of introducing a new RV sequence for Msg3 transmission with repetitions is unclear. Indeed, the RV sequence used for the subsequent re-transmission, if any, is dynamically indicated by gNB via DCI 0_0. Accordingly, no specific relationship seems to be enforceable between the RV sequence of the initial transmission and its counterpart for the re-transmission of Msg3 repetitions. This is even more true if we consider that the two transmissions may actually be performed with a different number of repetitions, if any. This seems to indicate that the RV sequence [0 2 3 1] is not sub-optimal as compared to other sequences and should be preferred given its compliance with legacy configurations of RRC_CONNECTED PUSCH repetitions.  
[bookmark: _Toc71571266]Observation 9. No specific relationship seems to be enforceable between the RV sequence of the initial transmission and its counterpart for the re-transmission of Msg3 repetitions.
[bookmark: _Toc71571267]Observation 10. Using different RVs for transmission and retransmission should not change the performance significantly.
[bookmark: _Toc71571142][bookmark: _Toc71571323]Proposal 6. There is no need to discuss the introduction of a new RV sequence for Msg3 initial transmission with repetitions, i.e., sequence [0 2 3 1] shall be used to this end. 

2.5 Indication of the number of repetitions for initial Msg3 transmission 
Rel-17 WI aims at allowing Type A Msg3 scheduling mechanisms to trigger/configure Msg3 repetitions. Existing scheduling solutions for Type A PUSCH repetitions in Rel-16 cannot be reused since UL grants for Msg3 transmission in NR are currently conveyed via PDSCH scheduled by DCI 1_0. New signaling, peculiar to Msg3 resource allocation use case, thus needs to be devised to provide the necessary support to Type A Msg3 repetitions in NR, as per Rel-17 WID.
In RAN1#104-b-e, the following agreement was made on how the number of repetitions for initial Msg3 transmission will be indicated in Rel-17.
	Agreements: 
For indication of the number of repetitions for Msg3 initial transmission, Option 1 (i.e., using UL grant scheduling Msg3) is adopted.
· FFS additionally using MAC RAR for indication.


From our perspective, this agreement implies that one of the existing fields in UL grant is repurposed to carry an additional meaning w.r.t. Msg3 repetitions.
If we look at the fields in Rel-16 UL grants we observe that:
· 1-bit FH flag cannot be repurposed unless a static approach to FH configuration is adopted. This would be highly sub-optimal.
· 12/14-bits PUSCH frequency resource allocation field does not seem a good candidate for repurposing, given that this may imply sub-optimal limitations for the gNB scheduler in terms of efficient use of frequency domain resources.
· 4-bits PUSCH time resource allocation field does not seem a good candidate for repurposing, given that if a certain repetition number was associated to some rows of the TDRA table, a certain number of repetitions could be configured only if a specific PUSCH allocation is also configured (e.g., SLIV). This is particularly relevant for coverage shortage scenarios, when limitations on S and L may result in hard constraints for the gNB if good coverage of Msg3 is to be guaranteed.
· 4-bits MCS field may be a good candidate, if we assume that higher values of the MCS index may not be useful in coverage shortage scenarios.
· 3-bits TPC for PUSCH field may be a good candidate, if we assume that lower power of the PUSCH transmissions may not be useful in coverage shortage scenarios.
· 1-bit CSI request field does not seem a good candidate, given that this is a reserved bit for future CSI request usage. In this context, we note that early CSI on Msg3 PUSCH for early link adaptation was studied during the SI for Msg4 coverage enhancement [3]. Thus, we think we should preserve the reserved nature of this bit for future CSI-related use, as originally intended by RAN1.
It is then evident that regardless of which field is repurposed, this comes at the cost of a reduction of flexibility gNB can enjoy when scheduling Msg3 in terms of TDRA, FDRA, MCS and power control. Indeed, if UL grant fields related to resource allocation, link adaptation and power control are reinterpreted/repurposed, gNB would not be able to configure UL grant freely, given that the “repurposed meaning” of the reinterpreted fields would have to be considered as a constraint at the scheduler. 
According to the analysis above, it can be argued that some values of the MCS and/or TPC fields may be less useful, if gNB decides that Msg3 transmission should be scheduled with repetitions (assuming UE requested Msg3 repetitions, of course). In this case as well, the necessary level of flexibility may be lower than what is available at gNB in case Msg3 repetitions are not requested/needed. 
[bookmark: _Toc71571268]Observation 11. MCS or TPC field on the UL grant could be repurposed to carry information on the configured number of Msg3 repetitions with smaller impact on gNB configuration flexibility.
[bookmark: _Hlk71223523]In this context, considering complementary solutions based on MAC RAR, may minimize the flexibility reduction due to the repurposing. This is important to make the best out of the UL resource and the ensure the largest possible number of configuration options are still available at gNB, as for legacy operations.
[bookmark: _Toc71571269]Observation 12. Considering complementary solutions based on MAC RAR, may minimize the flexibility reduction due to the repurposing of MCS or TPC field.
[bookmark: _Toc71571143][bookmark: _Toc71571324]Proposal 7. Repurpose MCS or TPC fields to carry information about configured number of Msg3 repetitions.
2.6 Msg3 repetition trigger
According to previous agreements, and agreements in RAN1 #104-e, the repurposed UL grant to configure PUSCH for Msg3 transmission with repetitions, including repetitions number, should guarantee perfect backward compatibility with Rel-16 UL grant. In other words, the two UL grants cannot be differentiated just by inspecting their fields.
[bookmark: _Toc71571270]Observation 13. Rel-17 UL grant carrying information about Msg3 repetitions number configuration and Rel-16/17 UL grants not carrying information about Msg3 repetitions number configuration cannot be distinguished by their structure. 
Furthermore, according to current agreements, gNB has no obligation to schedule Msg3 transmission with repetitions, regardless of whether UE issued a request in this sense or not. Therefore, neither the RA-RNTI used to scramble the DCI 1_0 used to schedule PDSCH nor the RAPID in the MAC sub-header preceding the UL grant can be used by the CE UE to understand whether a Rel-16 or repurposed Rel-17 UL grant is being received. 
[bookmark: _Toc71571271]Observation 14. Neither the RA-RNTI used to scramble the DCI 1_0 used to schedule PDSCH nor the RAPID in the MAC sub-header preceding the UL grant can be used by the CE UE to understand which type of UL grant is being received. 
The two observations above imply that an external mechanism should be used by gNB to trigger Msg3 repetitions, according to the information carried in the UL grant, and guarantee that no ambiguity exists at UE when decoding UL grant. If no triggering mechanism was added, UE would not be able to know which “interpretation” is to be used while parsing the possibly repurposed (or not) fields of the UL grant.
From our perspective, a simple way to solve this problem already exists, without resorting to the specification of any additional signaling which may alter the backward compatibility of Msg2. Indeed, gNB could use the TC-RNTI field included in the MAC RAR carrying the UL grant to inform the CE Rel-17 UE that the UL grant is to be interpreted as a Rel-17 UL grant with “repurposed fields”. The 16 bits of the TC-RNTI could offer a plethora of possibilities in this sense. For instance, a specific set/range of values of TC-RNTI could be statically or semi-statically configured and gNB could pick randomly among these (as per legacy approach), to indicate that the UL grant carried by the same MAC RAR is a Rel-17 UL grant with repurposed fields. If other TC-RNTI values are used by gNB, then CE Rel-17 UEs would know that the UL grant is to be interpreted according to legacy logic. In other words, specific meaning could be assigned to a set of TC-RNTI values in any specification-compatible way, e.g., hard-coded, higher layer signaling and so on. All UEs would keep using TC-RNTI to scramble the CRC of Msg3 as per legacy RACH procedure, however CE Rel-17 UEs would also be able to understand how the UL grant carried by the same MAC RAR carrying the TC-RNTI is to be interpreted, by looking at the received TC-RNTI.
Clearly, this additional meaning of the TC-RNTI would be accessible only to Rel-17 UEs. Legacy UEs would be unaware of the additional meaning and keep operating according to legacy logic, i.e., UL grant as per Rel-16 understanding, regardless of the TC-RNTI value included in the MAC RAR. Full backward compatibility would be guaranteed. The performance of their transmissions would also be unchanged.
[bookmark: _Toc71571272]Observation 14. Using TC-RNTI to differentiate between Rel-17 UL grant carrying information about Msg3 repetitions number configuration and Rel-16/17 UL grants not carrying information about Msg3 repetitions number configuration, i.e., to trigger Msg3 repetitions for the CE Rel-17 UE which requested them, is fully backward compatible.
[bookmark: _Toc71571144][bookmark: _Toc71571325]Proposal 8. Trigger for initial Msg3 transmission with repetitions shall be provided via a specific set/range of TC-RNTI values carried by the RAC MAC which carries the UL grant for Msg3 transmission over PUSCH.
· FFS: details
The same approach could be used for triggering the Msg3 re-transmission with repetitions, regardless of how DCI 0_0 scrambled by TC-RNTI is repurposed to indicate the number of repetitions for Msg3 re-transmission. Again, this approach would be fully backward compatible and preserve performance of legacy operations, while providing a non-ambiguous way for the CE Rel-17 UE to distinguish between a “legacy” and a repurposed DCI 0_0 scheduling Msg3 transmission over PUSCH.
[bookmark: _Toc71571145][bookmark: _Toc71571326]Proposal 9. Trigger for Msg3 re-transmission with repetitions shall be provided via a specific set/range of TC-RNTI values used to scramble CRC of DCI 0_0 used to schedule Msg3 transmission over PUSCH.
· FFS: details

2.7 Number of configurable repetitions
We start by considering the possible MCL/MIL/MPL increase brought by repeating initial Msg3 transmission  times, previously reported in [8]. For the sake of completeness, we extend the set of tested number of repetitions to include 12 and 16 as well. Repetitions are counted according to Rel-17 logic. 
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 [9] and [10]). 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


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: _Toc71571273]Observation 16. 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. A larger resource utilization by any CE UE would reduce the available resources for other UEs (CE or not).
1. 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.
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: _Toc71571274]Observation 17. Msg3 repetitions yield coverage benefits at the cost of higher latency, possible lower efficiency and flexibility of UL resources utilization prior to RRC connection.
[bookmark: _Toc71571275]Observation 18. 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.
Another aspect discussed during RAN1 #104-b-e has been the presence, or not, of the value {1} in the list of possible values indicating the number of Msg3 repetitions scheduled by gNB to the UE. 
From our perspective, value {1} implies that no repetition is configured by gNB, i.e., legacy behavior. In this context, the need for the presence of {1} is unclear. This is specifically true if we consider that CE Rel-17 UE has no means for differentiation between an UL grant carrying information about Msg3 repetition configuration and a legacy UL grant, unless a suitable explicit trigger/indicator is also provided to this end. 
[bookmark: _Toc71571146][bookmark: _Toc71571327]Proposal 10. Support at least {2 ,4, 8} for the repetition factors of Msg3 PUSCH repetition.
· FFS other values

2.8 Determination of available slots for Msg3 repetitions
In RAN1#104-b-e, the following WA was made on how the available slots for Msg3 repetition and re-transmission will be specified in Rel-17:
Working assumption: The number of repetitions is counted on the basis of available slots for Type A PUSCH repetitions for Msg3.
· FFS: the determination of available slots.






According to our understanding of the WID, it cannot be concluded with no ambiguity if the “Type A PUSCH repetitions” framework to be used for Msg3 repetitions is Rel-16 or Rel-17 Type A PUSCH repetitions logic. A proper discussion about this has never been carried out. Only few observations were shared during RAN1 #104-b-e. The subject is non-trivial. In this context, discussing which repetition framework to consider as a reference instead of discussing how slots are counted seems the best course of action. Once framework to use is selected, the question on the slots will have an answer automatically.
At high level, Rel 16 Type A PUSCH repetition framework determine available slots by first considering a set of consecutive physical slots, whose number of provided to the UE by gNB via L1 signaling. Subsequently, UL slots within this set are identified as available and used for the transmission (unless exception occurs according to specification). Conversely, Rel 17 Type A PUSCH repetition as being discussed in AI 8.8.1.1 has been considering the case that the number of repetitions provided to UE by gNB via L1 signaling is not used to identity of consecutive physical slot, but rather an actual number of UL slots according to a given logic (which will have to be further refined). 

In the context of Msg3 repetitions, using Rel-17 Type A PUSCH repetitions logic may arguably prove more efficient, since a smaller number of repetition values could be specified/supported, and a lower number of signaling such number would be needed by gNB. As a result, the repurposing of the UL grants field used to convey the number of Msg3 repetitions to the UE could be minor or, at the very least, less impactful. From our perspective, this would be a much wiser course of action. Additionally, it should be noted that Msg3 repetition feature does not exist in Rel-16. Hence making it use a Rel-17 Type A PUSCH repetitions logic to determine available slots would not pose any relevant practical issue. 
[bookmark: _Toc71571276]Observation 19. Rel-17 Type A PUSCH repetitions logic to determine available slots for Msg3 transmission with repetition gives the opportunity to consider a lower range of supported number of Msg3 repetitions, which gNB can configure by means of a smaller number of repurposed bits in UL grant.
[bookmark: _Toc71571147][bookmark: _Toc71571328]Proposal 11. Use Rel 17 logic to determine available slots for Msg3 transmission with repetition. 

2.9 Early termination of Msg3 repetitions
In RAN1#104-b-e, different views were expressed with respect to the necessity of sending an LS to RAN2 regarding early termination of Msg3 repetitions. First of all, if we check the current specification of how UE start the contentions resolution timer for msg3, as per TS 38.321 (and reported in the box below), it is clear that “end of Msg3 transmission” may not include all the configured Msg3 repetitions and only consider the last repetition.  Thus, no ambiguity seems to exist.

5.1.5	Contention Resolution
Once Msg3 is transmitted the MAC entity shall:
· 1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;





Further, the need of early termination of Msg3 repetitions is counterintuitive from our perspective. As a matter of fact, the goal RAN1 has for this feature is to ensure good coverage for Msg3 transmission. The repetition of Msg3 plays a crucial role in this context. As such, any early termination seems to defeat the purpose of the feature, i.e., if we can terminate the repetitions “early”, then it simply means gNB configured too many of them in the first place (this would be a poor configuration). Indeed, a proper configuration should never need early termination. Additionally, the concept of early termination seems to be in contradiction with the concept of guaranteeing flexibility in the configuration of the number of repetitions in case of Msg3 re-transmissions. If flexibility is necessary, as claimed by many companies, we assume it is for giving gNB the possibility of configuring number of repetitions for Msg3 re-transmission larger than the number of configured repetitions for Msg3 initial transmission. 
For all these reasons, early termination of Msg3 repetitions should not be considered in Rel-17.
[bookmark: _Toc71571148][bookmark: _Toc71571329]Proposal 12. Early termination of Msg3 repetitions is not considered in Rel-17.
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. Many features/applications can or will make use of PRACH resources in Rel-17, to be operated properly.
Observation 2. Further preamble space fragmentation can only come at the cost of performance degradation of PRACH.
Observation 3. Performance degradation associated to using PRACH resources for requesting Msg3 repetitions is unavoidable, thus the choice of which PRACH resources are to be used for requesting Msg3 repetitions should be based on risk/loss minimisation logic.
Observation 4. At least 9 events other than initial access can trigger CBRA procedure.
Observation 5. it is paramount for the UE to report the capability of supporting Msg3 repetitions, whenever applicable, to give gNB the possibility of optimizing the configuration of PRACH resources in the cell, considering all possible applications gNB may need to configure and that could use PRACH in the context of CBRA.
Observation 6. Intra-slot FH provides a larger flexibility to gNB when scheduling resources for PUSCH in general, and for Msg3 transmission more specifically.
Observation 7. Intra-slot FH is the only way to ensure that the Msg3 transmission performed by legacy or CE UEs, not configured/triggered for transmitting Msg3 with repetitions, could experience frequency diversity gain.
Observation 8. No additional bit in Msg2 would be necessary to either trigger intra-slot or inter-slot FH if the legacy approach to PUSCH configuration were to be reused for configuring FH for Msg3 repetitions.
Observation 9. No specific relationship seems to be enforceable between the RV sequence of the initial transmission and its counterpart for the re-transmission of Msg3 repetitions.
Observation 10. Using different RVs for transmission and retransmission should not change the performance significantly.
Observation 11. MCS or TPC field on the UL grant could be repurposed to carry information on the configured number of Msg3 repetitions with smaller impact on gNB configuration flexibility.
Observation 12. Considering complementary solutions based on MAC RAR, may minimize the flexibility reduction due to the repurposing of MCS or TPC field.
Observation 13. Rel-17 UL grant carrying information about Msg3 repetitions number configuration and Rel-16/17 UL grants not carrying information about Msg3 repetitions number configuration cannot be distinguished by their structure.
Observation 14. Neither the RA-RNTI used to scramble the DCI 1_0 used to schedule PDSCH nor the RAPID in the MAC sub-header preceding the UL grant can be used by the CE UE to understand which type of UL grant is being received.
Observation 14. Using TC-RNTI to differentiate between Rel-17 UL grant carrying information about Msg3 repetitions number configuration and Rel-16/17 UL grants not carrying information about Msg3 repetitions number configuration, i.e., to trigger Msg3 repetitions for the CE Rel-17 UE which requested them, is fully backward compatible.
Observation 16. Msg3 repetitions yield non-negligible coverage benefits which increase with the number of repetitions, however diminishing returns are observed for .
Observation 17. Msg3 repetitions yield coverage benefits at the cost of higher latency, possible lower efficiency and flexibility of UL resources utilization prior to RRC connection.
Observation 18. 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 19. Rel-17 Type A PUSCH repetitions logic to determine available slots for Msg3 transmission with repetition gives the opportunity to consider a lower range of supported number of Msg3 repetitions, which gNB can configure by means of a smaller number of repurposed bits in UL grant.
In addition, the following proposals have been made:
Proposal 1. UEs shall request Msg3 PUSCH repetition via separate RO while using the same preambles configured for legacy 4-step RACH.
Proposal 2. UEs supporting Rel-17 coverage enhancement features shall report such support upon completion of the RACH procedure via usual capability container.
Proposal 3. UEs supporting Msg3 repetition shall report such capability upon completion of the RACH procedure via usual capability container.
Proposal 4. Discussion on intra-slot FH support Msg3 transmission with repetitions should be deprioritized or subject to further studies.
Proposal 5. If both inter-slot FH and intra-slot FH are supported for Msg3 repetitions, where only one FH mode can be configured for the whole cell at a time, FH mode is selected using legacy Msg2-based 1-bit signaling.
Proposal 6. There is no need to discuss the introduction of a new RV sequence for Msg3 initial transmission with repetitions, i.e.,  sequence [0 2 3 1] shall be used to this end.
Proposal 7. Repurpose MCS or TPC fields to carry information about configured number of Msg3 repetitions.
Proposal 8. Trigger for initial Msg3 transmission with repetitions shall be provided via a specific set/range of TC-RNTI values carried by the RAC MAC which carries the UL grant for Msg3 transmission over PUSCH.
· FFS: details
Proposal 9. Trigger for Msg3 re-transmission with repetitions shall be provided via a specific set/range of TC-RNTI values used to scramble CRC of DCI 0_0 used to schedule Msg3 transmission over PUSCH.
· FFS: details
Proposal 10. Support at least {2 ,4, 8} for the repetition factors of Msg3 PUSCH repetition.
· FFS: other values
Proposal 11. Use Rel 17 logic to determine available slots for Msg3 transmission with repetition.
Proposal 12. Early termination of Msg3 repetitions is not considered in Rel-17.
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