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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 is 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, RAN2]
In this contribution, we discuss design aspects of Type A PUSCH repetition for Msg3 in R17.
[bookmark: _Hlk61449522]2		Type A PUSCH repetitions for Msg3
The following aspects will be discussed in this section:
2.1 PRACH resources for UE’s Msg3 repetition request
2.2 Indication of the number of repetitions fir initial Msg3 transmission
2.3 Candidate values for Msg3 initial/re-transmission repetitions
2.4 [bookmark: _Hlk77351275]Conditions for requesting Msg3 repetition configuration 
2.5 UE capability of supporting Msg3 repetitions
2.6 Use of flexible symbol for counting on the basis of available slots
2.7 Frequency hopping for Msg3 repetitions
2.1 PRACH resources for UE’s Msg3 repetitions request
[bookmark: _Ref53769583]In RAN1 #106-e, the following agreement was made concerning the PRACH resources to be used by UE for requesting the configuration of Msg3 repetitions:
	Agreement:
· The separate preambles for requesting Msg3 repetition could be configured only in an RO configured with 4-step RACH preambles not for requesting Msg3 repetition.




According to above agreement, preambles dedicated to request Msg3 repetitions are transmitted only over those ROs which are configured with at least 4-step RACH. As such, ROs configured only for 2-step RACH cannot be used to transmit separate preambles for Msg3 repetition request. 
In RAN#106-e, 2 options have been discussed concerning additional support of using separate RO for requesting Msg3 repetitions: 
· Option 2: use separate RO configured by a separate PRACH configuration index from legacy UEs
· Option 3: version of Option 2 where the ROs within a SSB-to-RO mapping cycle which are not associated with any SS/PBCH blocks and are not available for legacy UEs are considered as possible ROs to be selected for CE UEs.

As discussed in [4], differentiating UEs through preambles among a shared ROs is a rather effective tool, which comes at a non-negligible cost for the flexibility of PRACH resource utilization. However, using different ROs, but same preambles, for different types of UEs would reduce this cost. During RAN#106-e few companies expressed their concerns about PRACH resources partitioning design and its interaction other Rel-17 features (SDT, CovEnh, RedCap and RAN slicing) which are currently being discussed in RAN2. More precisely, the following was agreed during RAN2#115-e on RACH indication and partitioning for Rel-17 [5]:
	Agreement
· Preamble partitioning is defined on a feature and/or feature combination basis​
· FFS on signalling.  2step RA and CE is excluded, if RAN1 decided to exclude​
· Preambles associated with a Rel-17 feature should never be chosen by legacy UEs in the case of RO sharing 
· New feature and/ feature combination specific preambles can be defined in a) Separate time-frequency resources, not defined through legacy RRC signalling, b) Within the Contention free preamble resources (i.e. within the preambles not used for contention based) defined through legacy RRC signalling.  FFS on c) Within the “not available” preambles defined at the end of a RO through the legacy  totalNumberOfRA-Preambles.
· Dedicated PRACH preambles in case of shared ROs are supported. Details are FFS and discussions in AI 8.18 should be taken into account.



As it can be seen, the current direction of agreements in RAN2 concerning RACH indication and partitioning does not seem to exclude the applicability of Option 2. 
[bookmark: _Toc83917535]Observation 1. Current direction of agreements in RAN2 concerning RACH indication and partitioning does not seem to exclude the applicability of Option 2.
[bookmark: _Toc83823757][bookmark: _Toc83917612][bookmark: _Toc83917639]Proposal 1. For requesting Msg3 repetitions, support Option 2, i.e., use separate RO configured by a separate PRACH configuration index from legacy UEs.

2.2 Indication of the number of repetitions for initial Msg3 transmission 
In RAN1 #106-e, the following working assumption was made on the alternatives to indicate the number of repetitions for initial Msg3 transmission in Rel-17.
	Working Assumption
Down-select only one from the following methods for indication of the number of repetition of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, introducing a new configurable TDRA table including the repetition factors.
·  The new TDRA table is configured by SIB1, with selecting one of the two options below. 
· Option 1: The new TDRA table includes separate new indication for K2, mapping type, SLIV and repetition factor. 
· Option 2: The new TDRA table includes legacy indication for K2, mapping type and SLIV from legacy TDRA table, and new indication for repetition factor.
·  If a new TDRA table is not configured, the legacy default TDRA table is used, and repetition factor K=1 is applied.
· K=1. 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· X MSB bits of the MCS information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Alt 3: If TPC information field is chosen, repurpose the TPC information field by selecting one of the two options below.
· Option 1: X LSB bits of the TPC information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Option 2: A predefined TPC command table with including repetition factor K is introduced. 
·  FFS details. 




As discussed in RAN1#106-e, three alternatives have been down-selected:
1. TDRA information fields.
2. MCS information fields.
3. TPC information fields.
General views on Alt1, Alt2 and Alt3:
1) All approaches require agreeing on which repetition value is mapped to each codepoint of the corresponding information field. However, while one codepoint of the MCS and TPC information field is associated to a single parameter which affects only the single UE UL performance, i.e., the MCS index and the TPC command, each codepoint of the TDRA information field is associated to three values potentially affecting the UL performance of several UEs in the cell, i.e., mapping type, K2 and SLIV. In this context, finding ways to minimize impact on possible UL cell performance reduction, while maximizing performance of the Msg3 transmission for the single UE is nontrivial and entail scheduler complexity increase and flexibility reduction. 
2) If some codepoints of the TDRA information field (or, equivalently, some rows of the TDRA table) were to be mapped to repetition value K=1 (to ensure gNB can decide not to schedule Msg3 repetitions to a given UE, even if a request in this sense has been issued by UE via Msg1), only very limited choices in terms of mapping type, K2 and SLIV would be available at gNB in this case, instead of the legacy potential 16 choices.
3) In principle, even a 1-bit explicit indication via MCS/TPC may offer more flexibility than the TDRA-based approach. Indeed, explicit indication via MCS/TPC provides each row of the TDRA table being associated with any supported repetition value. If we assume that N bits from MCS/TPC field are used to indicate the number of Msg3 repetitions, it provides the indication of  different values via MCS/TPC. This has several fundamental implications:

· Each row of the legacy TDRA table can be mapped to up to  different values. This is equivalent to supporting  different versions of each of the 16 rows in the TDRA table.
· If we take a step back, this is practically equivalent to defining  TDRA tables in which one of the columns carries the indication of the number of repetitions that NW can configure independently to each UE. For instance, if we set , this gives us  possible tables NW can virtually choose from when the UL grant is issued. 
· Interestingly, this does not really make the scheduling more complex. The fact that the legacy TDRA table is used brings the problem down to simply choosing the best combination between one of the  possible repetition factors and one of the legacy rows of the TDRA table. Therefore, both low complexity and high flexibility are achieved, at the “cost” of zero overhead increase. 
Conversely, with TDRA-based indication, only one table is available at NW side when the UL grant is issued, which is the cell-specific TDRA table broadcast via SIB1. This implies that:
· Each row has only one version. No flexibility exists in this regard.
· Each UE in the cell will use the same table (including the new column).
· If a new TDRA table is needed, RRC reconfiguration is necessary for optimizing the configuration.
· This solution also does not make the scheduling more complex. It is actually marginally less complex than the MCS/TPC solution. However, it entails huge flexibility reduction and very large overhead increase if frequent table updates are needed to compensate the lack of flexibility.
One could claim that a higher-layer signalled TDRA table via SIB1 gives flexibility to gNB to identify the 16 rows with maximum freedom, however their number would still be 16 at the most. In other terms, the impact of their limited number on the real flexibility at gNB would then be much larger than the indication based on MCS/TPC.
[bookmark: _Toc83917536]Observation 2. Alt 1 may cause significant scheduling restriction and scheduling flexibility reduction. This is not the case for Alt 1 or Alt 2. 

FFS on indication of actual repetition factor 
An example of indicating repetition factor using decimal representation of binary number when X=2 is given in Table 1.
	X
	Repetition Factor

	00
	0

	01
	1

	10
	2

	11
	3


Table 1- Indication of repetition factor using decimal representation of binary number
Conversely, an example of indicating repetition factor by selecting values signaled by NW via SIB1, always when X=2, is given in Table 2. Therein, 4 different values available in the list of repetition values when X=2 bits of MCS or 2 bits of TPC, (e.g., {2,4,8,12}) can be indicated in a non-decimal way. 

	X
	Repetition Factor

	00
	2

	01
	4

	10
	8

	11
	12


Table 2- Indication of repetition factor using bits of repurpose field
[bookmark: _Toc83917537]Observation 3. Applying SIB1 signaled values and using X MSB/LSB bits of the repurposed information field to select one of these values and indicate the repetition factors is more convenient than simply resorting to the decimal representation of the binary number given by the X MSB/LSB bits.
Concerning the value of X, we are not sure a strong use case exists for repetition numbers larger than 4. If this is the case, X=1 would be sufficient. Conversely, if repetition values larger than 4 were needed, then X=2 would be necessary. Please note that herein we assume that the UE is able to differentiate between a Rel16 and Rel-17 UL grant, and that K=1 repetition is associated to receiving a Rel-16 grant and K>1 repetitions is associated to receiving a Rel-17 grant.

In this context and concerning which repurposed information field should be used in case the MCS/TPC based solution is adopted, we think that MCS should be preferred due its larger bit-width (4 vs. 3 bits). In our view, this would give the possibility to choose X=1 or X=2 rather freely. Conversely, if TPC field was chosen instead, we think that X should not be larger than 1, to preserve at least 2 bits for the actual TPC command. Indeed, the cost of using 2 bits out of the 3 available ones in the TPC information field would be much larger than using 2 bits out of the 4 available ones in the MCS information field, given that the TPC command flexibility reduction can have a severe impact on the interference management of the cell. In other words, acting on the TPC may impact the performance of other UEs if more than 1 repurposed bit is use. This is not the case for the MCS field, whose repurposing impacts only the link of the single. As such, it should be preferred over all the other alternatives.  

[bookmark: _Toc83823759][bookmark: _Toc83917613][bookmark: _Toc83917640]Proposal 2. Repurpose MCS information field in UL grant carried by RAR for indicating the number of repetitions for Msg3 transmission.
[bookmark: _Toc83823760][bookmark: _Toc83917614][bookmark: _Toc83917641]Proposal 3. Support either X=1 or X=2 for the number of repurposed bits of the MCS information field used to indicate Msg3 repetition factor.
[bookmark: _Toc83823765][bookmark: _Toc83917615][bookmark: _Toc83917642]Proposal 4. The X repurposed bits of the MCS information bits are used for selecting one repetition factor from a SIB1 configured set.

2.2.1 Differentiation between R16 and R17 interpretation of UL grant

In RAN1 #106-e, the following agreement was made on how the UE is managed to use legacy interpretation or new interpretation on the information field:
	Agreement 
Down-select one of the two options on how a UE should interpret the selected information field for indication of the number of repetitions.
· Option 1:
· When a UE requests Msg3 repetition, the new TDRA table or repurposed information field is applied. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition.
· Repetition factor K=1 is included in the TDRA table or one entry/codepoint of the repurposed information field.
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy TDRA table or legacy information field is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.
· Option 2:
· When a UE requests Msg3 repetition, gNB schedules Msg3 with or without repetition by respectively using the new TDRA table or legacy TDRA table; or gNB schedules Msg3 with or without repetition by respectively using repurposed information field or legacy interpretation of information field. Whether the UE should apply the new or the legacy TDRA table, or apply repurposed or legacy interpretation of the information field, is indicated by gNB. 
· FFS details, e.g. implicit or explicit indication or predefined.
· Repetition factor K=1 is NOT included in the TDRA table or one entry/codepoint of the repurposed information field.
· When the UE doesn't request Msg3 repetition (including legacy UE), gNB schedules Msg3 without repetition. The UE applies the legacy TDRA table, or the legacy interpretation of the information field.




By looking at the available option, it is our understanding that the difference between the two considered Options is related to how the indications about the “whether Msg3 repetitions have been configured” and the “how many Msg3 repetitions have been configured” are provided by gNB to UE. In both cases, in fact, such indications are provided by gNB following a decision taken by gNB itself.
In Option 1, the TDRA table provides to the UE indication both about the “whether Msg3 repetitions have been configured” and on the “how many Msg3 repetitions have been configured” at the same time. The difference is then in terms of UE behaviour and in how many repetitions can be configured (this includes the value K=1). In fact, a UE which previously requested Msg3 repetitions via Msg1 will use a new TDRA table, regardless of whether Msg3 repetitions are configured or not by gNB (the UE cannot know beforehand). A legacy UE which did not request repetitions will keep using legacy table.
In Option 2, the indication about the “whether Msg3 repetitions have been configured” and on the “how many Msg3 repetitions have been configured” are separate. One indication informs the UE about the “whether”, i.e., what we refer to as “UL grant interpretation”, and one indication informs the UE about “how many Msg3 repetitions have been configured”, i.e., the corresponding information field used to this end. A UE which previously requested Msg3 repetitions via Msg1 will always first check which UL grant interpretation is to be used (i.e., the “whether Msg3 repetitions have been configured”). Depending on this indication, the UE will interpret the information field possibly used to indicate the “how many Msg3 repetitions have been configured” accordingly (either in a legacy or new way). This explains why Option 2 implies that K=1 is not part of the values gNB can indicate to the UE for scheduling repetitions. Indeed, this indication is implicit if gNB indicates (implicitly or explicitly) which interpretation is to be used by UE.
Our understanding is that wasting one codepoint of repurposed field or one or few fields of TDRA table to indicate K=1 is not desirable as it reduces the signaling efficiency. If gNB is able to configure a sufficient number of repetitions through implicit/explicit interpretation of the UL grant, there is no need to waste one or more valid configurations for indicating K=1. It is important to remark that this logic applies regardless of whether the TDRA based solution or the MCS/TPC bases solution is adopted.

[bookmark: _Toc83917538]Observation 4. The main difference between Option 1 and Option 2 is whether or not the value K=1 is explicitly indicated.
[bookmark: _Toc83917539]Observation 5. If a UE requested Msg3 PUSCH repetition and a TDRA based solution is retained, the number of available K2/SLIV available combination for scheduling Msg3 repetitions is rather limited if some of the rows of the TDRA table are associated to K=1. 
On the FFS in Option 2, on possibility is to use the reserved CSI request bit to indicate to R17 UEs which interpretation is to be used when parsing the UL grant. For instance, when this bit is set to 1, UE uses the Rel-17 interpretation of the UL grant, whereas Rel-16 interpretation is used when the bit is set to 0. This approach is more convenient than the approach based on the new TDRA table, both in terms of implementation constraints and specification effort. However, if this bit is repurposed to identify which UL grant interpretation is to be used, then adding any future support to early stage CSI report in NR would become much harder, and arguably unfeasible if backward compatibility is to be guaranteed. This cost does not seem justified, given that alternative solutions exist, whose impact is practically negligible. An alternative approach in Option 2 would be for instance for gNB to use the TC-RNTI field included in the MAC RAR carrying the UL grant to inform implicitly a Rel-17 UE that the UL grant is to be interpreted as a Rel-17 UL grant with “repurposed fields”, or as a legacy UL grant. A specific set/range of values of TC-RNTI can be configured statically or semi-statically 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 a Rel-17 UE would know that the UL grant is to be interpreted according to legacy logic. This approach would have a completely negligible cost in terms of availability of TC-RNTI values, given that the TC-RNTI has 16 bits (and hence the number of available values to pick from is up to ).
[bookmark: _Toc83823763][bookmark: _Toc83917616][bookmark: _Toc83917643]Proposal 5. Option 2 is supported to define how a UE should interpret the selected information field for indication of the number of repetitions, wherein the indication of which interpretation of the UL grant is to be used by UE is provided implicitly to the latter (e.g., using TC-RNTI).

2.3 Candidate values for Msg3 initial/re-transmission repetitions
In RAN1 #106-e, the following agreement was made on specifying candidate values for Msg3 repetition in Rel-17:

	Agreement 
· Support at least repetition factor K = {2, 4} for Msg3 PUSCH repetition. 
·  FFS whether to support other values, e.g., 8. 
· Note: K=1 is supported and how to support K=1 is FFS.  



Coverage shortage of Msg3 was observed during the SI, but objections were raised on whether this deserved special attention from RAN1. Eventually, it was decided to enhance it since coverage of Msg3 coverage is much better than coverage of PUSCH on average. Given the observed results in [4], assuming that since PUSCH can need up to 16 repetitions then this should be the case for Msg3 as well is not only logically wrong but also stands on no quantitative ground. As such, there does not seem to be strong evidence that supporting values of K larger than 4 is needed. In this context, we do not see the need for NW to be able to configure more than 2 values other than K=1, i.e., . 
On the other hand, if RAN1 agrees that more than 2 values for repetition factor are needed, then candidate values other than 1 should be {2,4,8,12}, where we always assume K=1 is implicitly signalled. Thus:
· No values larger than 12 is justifiable.
· Regardless of how many values are finally supported, K=1 should be implicitly signalled (no explicit interpretation) via UL grant interpretation indication.
[bookmark: _Toc83823764][bookmark: _Toc83917617][bookmark: _Toc83917644]Proposal 6.  Supported Msg3 repetition numbers other than K=1 should be limited to already agreed . If RAN1 agrees that a larger number of configurable values is need, then K should not exceed 12.

2.4 Conditions for requesting Msg3 repetition configuration
In RAN1 #105-e, the following agreement was made on how the Msg3 repetition request will be specified in Rel-17:
	Agreement: A UE requests Msg3 PUSCH repetition at least when the RSRP of the downlink pathloss reference is lower than an RSRP threshold.
· FFS the determination of the RSRP threshold.



The discussion on the necessity of applying a new RSRP threshold was put on hold in RAN1 #106-e since the selection of RACH procedure was yet to be performed in RAN2. During RAN2 #115-e, the potential impact of supporting Msg3 repetition has been discussed and the following agreements have been achieved [6]:
	Agreement: 
1. Msg3 repetition is applicable to all cases that trigger 4-step CBRA procedure (can come back if we identify that some specific case should not be covered)
2. A separate RSRP threshold is introduced for requesting Msg3 repetition
3. Extension of ra-ResponseWindow and ra-ContentionResolutionTimer are not needed for Msg3 repetition
4. RAN2 confirms enhancing MAC RAR for indicating Msg3 repetition is not supported.
5. Postpone the discussion on UE capability (i.e. whether explicit UE capability is needed for indicating the support of Msg3 repetition)  


We believe the above provide a good starting point to resume the discussion in RAN1 about the determination of the RSRP threshold for requesting Msg3 repetitions. In this context, the first relevant value to consider is in our view what gNB configures as rsrp-ThresholdSSB, that is the threshold the UE is supposed to use to select one SS/PBCH block beam during initial access. In practice, UE selects one SS/PBCH block beam from all SS/PBCH block beams whose RSRP is above rsrp-ThresholdSSB, if any. This implicitly sets a maximum path loss a UE should consider as reasonable to justify an initial access attempt. It would then seem unreasonable to determine a RSRP threshold lower than rsrp-ThresholdSSB for allowing Msg3 repetition request to take place. Such RSRP threshold would then need to be larger. 
In principle, this parameter could be considered a possible candidate to configure an offset that UE can apply to rsrp-ThresholdSSB to obtain the RSRP threshold for allowing Msg3 repetition request to take place. On the other hand, this parameter can be semi-statically configured based on logics which do not consider Msg3 repetitions requests and can impact UL interference observed at gNB during Msg3 reception. For this reason, the introduction of a new parameter to offset rsrp-ThresholdSSB seems a better course of action.
The RSRP threshold for allowing Msg3 repetition request to take place could then be defined as the sum between rsrp-ThresholdSSB and a new higher-layer configured parameter, e.g., msg3-DeltaRepetitionRequest, which gNB could configure from a set of possible values. This way, gNB would have a way to loosely control the amount of Msg3 repetition requests issued in the cell, by setting suitable msg3-DeltaRepetitionRequest value and letting only UE whose measured SS/PBCH block beam RSRP belongs to the range {rsrp-ThresholdSSB, rsrp-ThresholdSSB + msg3-DeltaRepetitionRequest}, extremes included.
It should be noted that a similar approach could be used for the parameter rsrp-ThresholdSSB-SUL as well, to identify the RSRP threshold for requesting Msg3 repetitions in the SUL case.
[bookmark: _Toc83823766][bookmark: _Toc83917618][bookmark: _Toc83917645]Proposal 7. A UE requests Msg3 PUSCH repetitions at least when the RSRP of the downlink pathloss reference belongs to the range {rsrp-ThresholdSSB, rsrp-ThresholdSSB + msg3-DeltaRepetitionRequest}, extremes included.
· A UE cannot request Msg3 PUSCH repetitions if the RSRP of the downlink pathloss reference is lower than rsrp-ThresholdSSB.
Note: A similar approach can be used in the SUL case, as a function of rsrp-ThresholdSSB-SUL. 

2.5 UE capability of supporting Msg3 repetitions 
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.



[bookmark: _Toc79074297]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.
[bookmark: _Toc83917540]Observation 6. 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: _Toc83823767][bookmark: _Toc83917619][bookmark: _Toc83917646]Proposal 8. UEs supporting Msg3 repetition shall report such capability upon completion of the RACH procedure via usual capability container.

2.6 Use of flexible symbol for counting on the basis of available slot
In RAN1 #106-e, the following was agreed regarding the high-level signaling structure of Msg3 repetition feature:
	Agreement
· The available slot of Msg3 PUSCH repetition is only determined by the tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst, no other additional Rel-16 signals/signalings will be considered. 
· If a symbol for Msg3 repetition in a slot overlaps with SSB transmission [FFS:N Gap symbols after SSB], the slot is determined as not available during the counting of repetitions. As there is no Msg3 repetition in the slot, no Msg3 repetition omission applies to the slot.




Apart from above agreement, the following options regarding the optimization of flexible symbols for Msg3 repetition have been proposed by FL:
· Option 2-A1: Introduce 1 bit RRC parameter in SIB1. 
· If the parameter is provided, flexible symbol indicated via TDD-UL-DL-Configcommon is available for Msg3 repetition, otherwise, they are not available.
· Option 2-A2: Introduce InvalidSymbolPattern in SIB1. 
· The signaling design of InvalidSymbolPattern is the same as Rel-16.
· Option 2-A3: Introduce a bitmap indication in PDCCH with RA-RNTI
· Each bit of the bitmap corresponds to one slot configured with flexible symbols, and indicate whether the associated slot is available or not. 
· FFS how many bits of the bitmap and the detailed association of the bitmap. 
· Option 2-C: No need additional indication 

While on the one hand we acknowledge that optimizations could be possible for this aspect, on the other hand we do not think that the practical relevance of this scenario is such to justify such optimization. Let us assume the presence of a few F slots in the slot structure. Assuming that gNB will not make use of those F slots for DL transmission which, as we know, is typically the transmission which uses the largest amount of resources, how often would then gNB actually signal the availability of sufficient uplink symbols in F slots to accommodate the long PUSCH needed for Msg3 transmission in case of coverage shortage (remember that we are talking about PUSCH Type A repetition framework)?

Indeed, since Type A repetition framework is used for such Msg3 repetitions, the same UL resources are used in all slots involved in the repetitions. Hence available F slots would need to be able to offer at least the same number of uplink symbols as the number of symbols used by the PUSCH carrying Msg3 in U slots. In this context, the likelihood of this event seems rather low and the reason why flexible symbols/slots should offer this possibility in a statistically relevant number of cases is unclear. 
Moving to a comparison between the Options above, any form of semi-static or dynamic signalling can be performed by gNB only because gNB has always full control on how UL and DL resources are handled. In this sense, we do not see any difference in terms of difficulty between Option 2-A and Option 2-C. Both require gNB to be able to know what is going on, always, anticipate issues and so on. 

Hence the question in our view should be simply about how much we need an optimization like Option 2-A, considering that:

1. Msg3 transmission does not suffer from the same coverage issues as RRC_connected PUSCH
2. A relatively low number of configured Msg3 repetitions is sufficient to compensate possible coverage issues
3. Each Msg3 repetition will have to use the same number of symbols per slot
4. gNB has always full control on UL/DL operations.

From our perspective, the answer is clear: we do not need such optimization, which comes with specification impact, and likely implementation impact, which is not justified by any practically relevant or demonstrated need. Option 2-C is thus the best choice in our view. Even more, if we consider that latency has never been an important metric to maximize for AI 8.8 for R17, both in the SI and in the WI (for instance, when discussing PRACH resource fragmentations, PRACH retransmissions as opposed to PRACH repetitions and so on). Therefore, and also given the impact of the use of the F symbols on the actual coverage of Msg3, considering that this may imply that the max number of allocated symbols per PUSCH would be smaller than what one could have in a regular U slot, we consider that trading coverage for latency is acceptable in a WI about coverage enhancement. 

[bookmark: _Toc83823768][bookmark: _Toc83917620][bookmark: _Toc83917647]Proposal 9. Regarding the whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon for Msg3 repetitions, support Option 2-C.
2.7 Frequency hopping for Msg3 repetitions
In Rel-15/Rel-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.



In this context, results shared so far by companies showed that benefits of intra-slot FH in case of Msg3 repetitions are unclear. Performance degradation has also been reported. The following observations can be made:
· Since configuring inter-slot FH is already agreed, 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 achieved 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. 
In summary, a consensus about the suitability of intra-slot FH in the context of Msg3 repetitions is arguably very hard to achieve. For all these reasons, the following proposal is formulated.
[bookmark: _Toc83823769][bookmark: _Toc83917621][bookmark: _Toc83917648]Proposal 10. Support only intra-slot frequency hopping for Msg3 PUSCH without repetition and only inter-slot frequency hopping for Msg3 PUSCH with repetition.

3	Conclusions
In this contribution, we discussed aspects related to how support to Type A PUSCH repetition for Msg3 can be added to Rel-17. The following observations have been made:
Observation 1. Current direction of agreements in RAN2 concerning RACH indication and partitioning does not seem to exclude the applicability of Option 2.
Observation 2. Alt 1 may cause significant scheduling restriction and scheduling flexibility reduction. This is not the case for Alt 1 or Alt 2.
Observation 3. Applying SIB1 signaled values and using X MSB/LSB bits of the repurposed information field to select one of these values and indicate the repetition factors is more convenient than simply resorting to the decimal representation of the binary number given by the X MSB/LSB bits.
Observation 4. The main difference between Option 1 and Option 2 is whether or not the value K=1 is explicitly indicated.
Observation 5. If a UE requested Msg3 PUSCH repetition and a TDRA based solution is retained, the number of available K2/SLIV available combination for scheduling Msg3 repetitions is rather limited if some of the rows of the TDRA table are associated to K=1.
Observation 6. 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.
The following proposals have been made:
Proposal 1. For requesting Msg3 repetitions, support Option 2, i.e., use separate RO configured by a separate PRACH configuration index from legacy UEs.
Proposal 2. Repurpose MCS information field in UL grant carried by RAR for indicating the number of repetitions for Msg3 transmission.
Proposal 3. Support either X=1 or X=2 for the number of repurposed bits of the MCS information field used to indicate Msg3 repetition factor.
Proposal 4. The X repurposed bits of the MCS information bits are used for selecting one repetition factor from a SIB1 configured set.
Proposal 5. Option 2 is supported to define how a UE should interpret the selected information field for indication of the number of repetitions, wherein the indication of which interpretation of the UL grant is to be used by UE is provided implicitly to the latter (e.g., using TC-RNTI).
Proposal 6.  Supported Msg3 repetition numbers other than K=1 should be limited to already agreed . If RAN1 agrees that a larger number of configurable values is need, then K should not exceed 12.
Proposal 7. A UE requests Msg3 PUSCH repetitions at least when the RSRP of the downlink pathloss reference belongs to the range {rsrp-ThresholdSSB, rsrp-ThresholdSSB + msg3-DeltaRepetitionRequest}, extremes included.
· A UE cannot request Msg3 PUSCH repetitions if the RSRP of the downlink pathloss reference is lower than rsrp-ThresholdSSB.
Note: A similar approach can be used in the SUL case, as a function of rsrp-ThresholdSSB-SUL. 
Proposal 8. UEs supporting Msg3 repetition shall report such capability upon completion of the RACH procedure via usual capability container.
Proposal 9. Regarding the whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon for Msg3 repetitions, support Option 2-C.
Proposal 10. Support only intra-slot frequency hopping for Msg3 PUSCH without repetition and only inter-slot frequency hopping for Msg3 PUSCH with repetition.
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