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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 Candidate values for Msg3 initial/re-transmission repetitions
2.3 Indication of the number of repetitions for initial Msg3 transmission
2.4 [bookmark: _Hlk77351275]Conditions for requesting Msg3 repetition configuration 
2.5 Indication of the number of repetitions for Msg3 re-transmission
2.6 Frequency hopping for Msg3 repetitions
2.1 PRACH resources for UE’s Msg3 repetitions request
[bookmark: _Ref53769583]In RAN1#105-e, the following agreement was made concerning the PRACH resources to be used by UE for requesting the configuration of Msg3 repetitions:
	Agreement:
· For requesting Msg3 PUSCH repetition, support the following:
·  Option 1: Use separate preamble with shared RO configured by the same PRACH configuration index with legacy UEs.
· FFS whether to introduce a PRACH mask to indicate a sub-set of ROs associated with a same SSB index within an SSB-RO mapping cycle for requesting Msg3 repetition for a UE. 
· FFS definition of shared RO (e.g., whether the shared RO can be an RO with preamble(s) for 4-step RACH only or with preambles for both 4-step RACH and 2-step RACH).
· FFS whether or not to additionally support one (& only one) more option:
· E.g., option 2: Use separate RO configured by a separate PRACH configuration index from legacy UEs
· E.g., Option 3: Use separate RO, which include
· the separate RO configured by a separate RACH configuration index from legacy UE, and
· the remaining RO (if any) configured, by the same PRACH configuration index with legacy UEs, that cannot be used by legacy rules for PRACH transmission.



As discussed in RAN1#105-e, Option 1 proposes using a same PRACH configuration for both CE UEs and legacy UEs. As such, differentiation among UEs requesting Msg3 repetitions and other UEs is done through preambles. Conversely, Option 2 and Option 3 assume that different ROs are used to this end (using the same or different PRACH configuration to determine which ROs are to be used and how). From our perspective, differentiating UEs through preambles is a rather effective tool, which comes at a non-negligible cost for the flexibility of PRACH resource utilization. Using different ROs, but same preambles, for different types of UEs would reduce this cost. This may be a preferred option. However, this cannot be the only supported option, since it would contradict the agreement made in RAN1 #105-e. 
For these reasons, we believe both Option 1 and Option 2 should be supported. Option 3, on the other hand, implies a non-negligible specification and implementation effort in the form of new SSB-to-RO mapping for the remaining ROs. We think the technical need is not strong enough to justify this change. 
[bookmark: _Toc71571137][bookmark: _Toc79074415]Proposal 1. For requesting Msg3 repetitions, both Option 1 and Option 2 should be supported.
We now switch the focus to the other FFS points in the agreement above. We observe that applying a PRACH Mask, to identify a sub-set of ROs associated with the same SSB with a same SSB index within an SSB-RO mapping cycle, is typically used for contention free applications, where a limited number of ROs is sufficient. This selection of the ROs occurs only if more than 1 RO is configured per OFDM symbol, i.e., if more than 1 RO is associated to the same SSB index, hence it is rather safe to say that it occurs in frequency domain. 
Given the above, we make the following observations. Applying a PRACH mask for a contention-based mechanism would need to be evaluated carefully, due to the obvious impact in terms of collision probability as the number of UEs accessing the ROs identified by the mask increases. Furthermore, it should be noted that UEs requesting Msg3 repetitions are expected to be UEs experiencing coverage issues, i.e., low measured RSRP for DL reference signals. This problem is often due to large path loss between gNB and UE, however it may be exacerbated by deeper fades occurring in frequency domain as well. Frequency diversity is expected to be beneficial in this context. For this reason, no PRACH mask should be used and maximum freedom should be given the UEs, according to the PRACH configuration provided by gNB. 
[bookmark: _Toc79074279]Observation 1. Applying a PRACH mask for a contention-based mechanism has an obvious impact in terms of collision probability as the number of UEs accessing the ROs identified by the mask increases.
[bookmark: _Toc79074280]Observation 2. Frequency diversity is expected to be beneficial for coverage shortage scenarios.
[bookmark: _Toc79074416]Proposal 2. No PRACH mask should be introduced or supported for the UE to request Msg3 repetitions.
Concerning the definition of shared ROs, from our perspective both considered possibilities are feasible and could make sense. On the other hand, letting UEs requesting Msg3 repetitions only using ROs configured for 4-step RACH may lead to more effective detection logic at gNB, and arguably less evident near-far problems (note that 2-step RACH is typically used in case of good coverage). For this reason, we have a slight preference for the shared ROs to be ROs configured for 4-step RACH only.
[bookmark: _Toc79074281]Observation 3. Letting UEs requesting Msg3 repetitions only using ROs configured for 4-step may yield more effective implementation at gNB.
[bookmark: _Toc79074417]Proposal 3. Only ROs configured for 4-step RACH should be shared with CE UEs requesting Msg3 repetitions.
2.2 Candidate values for Msg3 initial/re-transmission repetitions
We start by considering the possible MCL/MIL/MPL increase brought by repeating initial Msg3 transmission  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 and we use the results we reported in [5] and [6]. Repetitions are counted according to R17 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. For each tested number of Msg3 repetitions, 10%-BLER SINR [dB] obtained for the previously tested number is used as a reference to calculate the relative gain when using the currently tested number. The obtained results are provided in Table 1 where, for instance, the column  shows the gain brought by moving from  to  repetitions. In this context, the column  shows the gain brought over the legacy case, i.e., no Msg3 repetitions. 
	
	
	
	
	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 relative SINR gain brought by configuring a repetition number w.r.t. the previously configured repetition number, e.g., the column  shows the gain brought by moving from  to  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][bookmark: _Toc79074282]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. 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.
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][bookmark: _Toc79074283]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.
[bookmark: _Toc71571275][bookmark: _Toc79074284]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.
Another aspect discussed in previous RAN1 meetings 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. As discussed in previous sections, including the value {1} in the list of configurable values by means of the R17 repurposed grant reduces the scheduler flexibility at the gNB. Indeed, if we assume that a R17 UE can differentiate between different UL grant interpretations, the value {1} would be automatically associated to the legacy interpretation of the UL grant. In other words, if UE which requested Msg3 repetitions via Msg1 can differentiate between the two possible UL grant interpretations, then the following two cases would occur:
1. gNB grants the UE’s request and schedules Msg3 transmission with repetitions, via repurposed R17 UL grant. In this case, since repetitions have been granted, then K is larger than 1, by definition. Therefore, all the repurposed codepoints of MCS and/or TPC information fields (for instance) can be used for indication K>1 repetitions. 
2. gNB does not grant the UE’s request and schedules Msg3 transmission without repetitions. In this case, since repetitions have not been granted, then K=1. Therefore, R16 interpretation will be used for the UL grant, and K=1 will be used by UE.
[bookmark: _Toc79074418][bookmark: _Toc71571146][bookmark: _Toc71571327]Proposal 4. Supported configurable number of Msg3 repetitions are at least:
· K=1, indicated via R17 UL grant according to legacy interpretation.
· K = {2,4} indicated via R17 UL grant according to interpretation based on repurposed information fields. 
· FFS: whether other values, e.g., {8, 12}, are supported.
2.3 Indication of the number of repetitions for initial Msg3 transmission 
In RAN1#105-e, the following working assumption was made on how the number of repetitions for initial Msg3 transmission will be indicated in R17.
	Working assumption:
· Using an information field from the existing information fields in RAR UL grant for indication of the number of repetitions of Msg3 initial transmission 
· Down-select only one from the following information fields in RAR UL grant for indication of the number of repetitions of Msg3 initial transmission. 
· TDRA information field with introducing a new TDRA table including the repetition factors.
· MCS information field
· TPC information field
· CSI request information field
· FDRA information field
· The total size of RAR UL grant does not change.
· Position of all fields in the bit sequence of the RAR UL grant does not change, regardless of whether they are repurposed or not.
· FFS details, e.g., TDRA table selection, or whether/how to indicate which interpretation UE should use for the repurposed information field (legacy vs repurposed interpretation) etc. 



The considered approaches can be classified in 3 categories:
1. Impacting time-frequency resource allocation - TDRA and FDRA information fields.
2. Impacting other aspects – MCS and TPC information fields.
3. Impacting possible future evolution of the UL grant – CSI request information field.
We analyze the problem following the order above.
Approaches impacting time-frequency resource allocation
We start by focusing specifically on the TDRA information field, and assume that a fully backward compatible mechanism is introduced in R17 to discriminate between two different interpretations of the UL grant received by UE via RAR, i.e., R16 and R17 interpretation (further details on the UL grant interpretation differentiation will be provided in Section 2.2.1). We observe that limitations imposed by the 4 bits available in the TDRA information fields are quite large. If one column was added to the TDRA table, as discussed during RAN1 #105-e, linking each of the configurable 16 SLIV values to one Msg3 repetition number, certain choices in terms of number repetitions would only be possible if corresponding choices in terms of SLIV are also made. 
Similar logic applies to the FDRA information field. If rigid constraints in the form of SLIV or number of PRBs existed to configure a given number of Msg3 repetitions, then gNB would be forced to choose among a very small amount of possibilities for each configurable repetition number. In other words, gNB would not always be able to afford all configurations, in turn affecting the possibility of compensating possible coverage shortage via suitable number of Msg3 repetitions. 
[bookmark: _Toc79074285]Observation 7. If one column was added to the TDRA table linking each of the possible 16 SLIV values to one Msg3 repetition number, gNB would be forced to choose among a very small amount of possibilities for each configurable repetition number.
It is also worth noting that many channels/signals other than Msg3 make use of the UL resource in practical deployments. Such transmissions would often be performed by other UEs in the cell. For this reason, any change to TDRA and FDRA information fields does not only affect the UE for which Msg3 repetitions are configured but potentially affects several UEs which may need to access UL resources. In this context, gNB would always need to make sure that sufficient resources are available for every UE needing to use the UL resource, while coping with very strict constraints for Msg3 repetition scheduling for the UEs engaged in the CBRA (given by the aforementioned TDRA and FDRA limitations). Scheduling flexibility reduction would be significant in these cases, due to the presence and requirements of all other UL channels and signals. It is straightforward to see that, not only this would increase gNB’s complexity but would also have a rather large impact on the overall UL performance across the cell. This may result in gNB deciding not to configure repetitions due to UL resource scarcity, instead of considering only coverage-related aspects. This is clearly not preferred.
[bookmark: _Toc79074286]Observation 8. Any change to TDRA and FDRA information fields does not only affect the UE for which Msg3 repetitions are configured but potentially affects several UEs which may need to access UL resources.
[bookmark: _Hlk78388558]This flexibility reduction would also come with the problem of deciding how to map a Msg3 repetition number value to a SLIV (or a number of PRBs, if applicable). The criterion leading to the best decision for mapping different number of Msg3 repetitions within the table is unclear and has never been studied. Similar observation can be made for the FDRA information field. 
[bookmark: _Toc79074287]Observation 9. The criterion leading to the best decision for mapping different number of Msg3 repetitions to different SLIVs in the TDRA the table is unclear and has never been studied. Similar observation can be made for the FDRA information field.
In summary, choosing to resort to TDRA and/or FDRA information fields for indicating the number of Msg3 repetitions would be arbitrary and not justified by actual technical needs, while entailing a price in terms of reduced scheduler flexibility at gNB and impact to the performance of the UL of several UEs. Indeed, of all the information fields in the UL grant, TDRA and FDRA should be the ones completely preserved, given their fundamental dependence on the available UL resources gNB must consider when taking decisions on Msg3 repetitions. Ultimately, this can discourage gNB from configuring Msg3 repetitions, even in case of coverage shortage. Options which preserve maximum flexibility between SLIV and Msg3 repetition numbers, and are compatible with previous agreements, exist. Utilization of TDRA and FDRA information fields for indicating the number of repetitions should then be discouraged.
[bookmark: _Toc79074288]Observation 10. Resorting to TDRA and/or FDRA information fields for indicating the number of Msg3 repetitions is arbitrary and not justified by actual technical needs, while entailing a cost for the NW  in terms of reduced scheduler flexibility at gNB and impact to the UL performance of several UEs.

Approaches impacting other aspects
[bookmark: _Hlk77550558]Differently from the impact of TDRA and FDRA information fields, which is per-cell in practice, MCS and TPC information fields affect only the UE configured for Msg3 repetitions, if any. Thus, choice to repurpose MCS or TPC information fields to convey configuration information for Msg3 repetition number is justified in a very intuitive way. First, it does not impact the flexibility of UL resource allocation at all, but only reduces the number of configurable values for a given parameter, e.g., MCS and/or TPC information fields. This is a self-explaining argument in our view. This solution would allow gNB to enjoy most of the freedom existing in R15/R16 for MCS and TPC information fields, while leaving resource allocation choices completely unconstrained. Second, a UE which requests Msg3 repetitions via Msg1 is a UE in coverage distress, i.e., a UE which experiences poor UL coverage, and which assesses that its PUSCH may not be robust enough to carry one Msg3 transmission. In this context, it is reasonable to assume that gNB would never instruct the UE (via UL grant) to use 16QAM, for instance, or 4QAM with very high code rate, to transmit Msg3. Indeed, it is evident that the primary goal of the gNB is to ensure UE can transmit Msg3 successfully, and not to increase the throughput of PUSCH for Msg3. Similarly, it is reasonable to assume that gNB would never instruct the UE to use the minimum power to transmit Msg3. The codepoints of MCS and TPC information fields associated to these values will likely be unused in practice, for coverage limited UEs. In this regard, it should also be noted that typical payload size of Msg3 does not need high MCS indices configuration already.
[bookmark: _Toc79074289]Observation 11. Differently from the impact of TDRA and FDRA information fields, which is per-cell in practice, MCS and TPC information fields affect only the UE configured for Msg3 repetitions, if any.
[bookmark: _Toc79074290]Observation 12. It is reasonable to assume that gNB would never instruct the UE (via UL grant) to use 16QAM, for instance, or 4QAM with very high code rate. It is reasonable to assume that gNB would never instruct the UE to use the minimum power to transmit Msg3.
In our view, one of the most relevant questions to address when considering MCS and TPC information fields for configuring the number of Msg3 repetitions is the following: how many values can be realistically configured if this approach is followed? Many answers to this question exist, given the relatively large number of available bits in the two considered information fields, i.e., 4 for MCS and 3 for TPC. We observe that given the results obtained during the SI, and the fact that Msg3 coverage did not show very large coverage issues, but rather moderate coverage issues across many scenarios, it does not seem reasonable to design a scheme where large number of Msg3 repetitions can be configured. Therefore, several possible options can be considered. 
[bookmark: _Toc79074291][bookmark: _Hlk78382502]Observation 13. Given the results obtained during the SI, and the fact that Msg3 coverage did not show very large coverage issues, it does not seem reasonable to design a scheme where large number of Msg3 repetitions can be configured.
Let us, for instance, consider the scenario in which UE requests Msg3 repetitions via suitable Msg1 transmission. Furthermore, we assume that a fully backward compatible mechanism is introduced in R17 to discriminate between two different interpretations of the UL grant received by UE via RAR, i.e., R16 and R17 interpretation (further details on the UL grant interpretation differentiation will be provided in Section 2.2.1). In this case, gNB would be able to choose from the following options:
· R17 Msg3 transmission is scheduled without repetitions via UL grant interpreted by UE as R16 UL grant, i.e., 1 repetition is configured, or
· R17 Msg3 transmission is scheduled with repetitions via UL grant interpreted by UE as R17 UL grant, i.e., more than 1 repetition is configured. We can then consider the following two options for this case, both arguably offering enough configurable repetition numbers, according to the results obtained during the SI:
1. Supported additional Msg3 repetition numbers are 2 and 4. In this case, only 1 bit would suffice, and either MCS or TPC information fields could be used to this end. One possibility is to define at least one new table in the specification, according to which the use of the MSB of the chosen information fields is repurposed. 
· If MCS information field is used, this would halve the max number of configurable  values. As discussed before, this would likely have a negligible impact on link adaptation configuration flexibility at gNB, given the coverage shortage situation. A possible example of this approach is given in Table 1, where table 5.1.3.1-1 of TS 38.214 is used as a reference, for compliance with R16 UL grant definition.
· If TPC information field is used, the max number of configurable TPC values (in dB) would be halved as well. As discussed before, this would likely have a negligible impact on link adaptation and power control configuration flexibility at gNB, given the coverage shortage situation. A possible example of this approach is given in Table 2, where only non-zero positive TPC values are retained, and the same set of TPC values is available for both configurable Msg3 repetition numbers.
2. Supported additional Msg3 repetitions numbers are 2, 4, 8 and 12. In this case, the MSB of the MCS and TPC information fields are used jointly. 2 bits are used to configure up to 4 values larger than 1. Table 3 illustrates an example of this approach. 
We note that Table 1, Table 2 and Table 3 are just examples. Other possible mappings between the MSB of MCS and/or TPC information fields can be envisioned, of course. In this context, resorting to repurposing MCS and/or TPC information fields offers a viable solution to cope with Msg3 coverage issues, while preserving efficient and flexible NW operations.

	MCS information field
	MCS Index
IMCS
	Modulation Order
Qm
	Target code Rate x [1024] à R
	Spectral
Efficiency
	Number of repetitions

	0000
	0
	2
	120
	0.2344
	2

	0001
	1
	2
	157
	0.3066
	4

	0010
	2
	2
	193
	0.3770
	2

	0011
	3
	2
	251
	0.4902
	4

	0100
	4
	2
	308
	0.6016
	2

	0101
	5
	2
	379
	0.7402
	4

	0110
	6
	2
	449
	0.8770
	2

	0111
	7
	2
	526
	1.0273
	4

	1000
	8
	2
	120
	0.2344
	2

	1001
	9
	2
	157
	0.3066
	4

	1010
	10
	2
	193
	0.3770
	2

	1011
	11
	2
	251
	0.4902
	4

	1100
	12
	2
	308
	0.6016
	2

	1101
	13
	2
	379
	0.7402
	4

	1110
	14
	2
	449
	0.8770
	2

	1111
	15
	2
	526
	1.0273
	4


[bookmark: _Ref77539702][bookmark: _Hlk77539739]Table 1. Example of MCS information field used to configure Msg3 repetition number, based on Table 5.1.3.1-1 of TS 38.214

	TPC command
	000
	001
	010
	011
	100
	101
	110
	111

	TPC value [dB]
	2
	4
	6
	8
	2
	4
	6
	8

	Number of repetitions
	2
	4


[bookmark: _Ref77549085]Table 2. Example of TPC information field used to configure Msg3 repetition number

	MSB of MCS information field
	MSB of TPC information field
	Number of repetitions

	0
	0
	2

	0
	1
	4

	1
	0
	6

	1
	1
	8


[bookmark: _Ref77549690]Table 3. Example of joint use of MCS and TPC information fields to configure Msg3 repetition number
Approaches impacting possible future evolution of the UL grant
R15/R16 UL grant includes a further 1-bit information field labeled as CSI request. The use of this field is currently reserved. As its name suggests, it has been originally introduced in the UL grant to provide a forward-looking structure which could be used in future releases to include a CSI request in the UL grant for early stage CSI acquisition at gNB. Studies and results reported by some companies during the SI confirm the relevance of this possibility in the context of initial access, aiming at improving (at least) DL performance prior to the completion of the beam management framework configuration [3].   From our perspective, it makes sense to preserve the reserved nature of this bit for at least two relevant reasons:
1. It is very unlikely that future UL grant structure modifications will be introduced in NR, due to the fundamental role that backward compatibility of UL grant plays in the context of initial access. Adding further bits on the top of the existing 27 ones may be unfeasible in this context. 
2. Full support to early stage CSI report may be finalized in future releases, given the undoubtable benefits this can yield, at least in terms of DL performance/coverage increase. Indeed, this aspect has been already discussed at large also in previous releases, and proposals in this regard have been made also during the SI [3]. 
For this reason, our preference is to not consider CSI request bit field for Msg3 repetition number indication, given that such bit is reserved for future CSI requests to take place. Using it for Msg3 repetition configuration is not forward looking, and thus not preferred. 
[bookmark: _Toc79074292]Observation 14. It is very unlikely that future UL grant structure modifications will be introduced in NR, due to the fundamental role that backward compatibility of UL grant plays in the context of initial access. Adding further bits on the top of the existing 27 ones may be unfeasible in this context.
In summary, we have 3 approaches, one of which comes with unjustified and very arbitrary restrictions for the scheduler at gNB, and where another one breaks possible future support for early stage DL performance optimization (via CSI report). Accordingly, only one reasonable approach is left, where an arguably more efficient use of unused codepoints of two information fields, i.e., MCS and/or TPC. This approach would not alter the flexibility and efficiency of resource allocation at gNB but only introduce likely negligible link adaptation limitations, given that the codepoints which would not be usable for link adaptation according to this approach are the ones yielding the lowest link budget performance, i.e., irrelevant values in coverage shortage scenarios.
[bookmark: _Toc79074419]Proposal 5. Repurpose MCS and/or TPC information fields in UL grant carried by RAR for indicating the number of repetitions for Msg3 transmission.
· FFS: details

2.3.1 Differentiation between R16 and R17 interpretation of UL grant

As mentioned earlier, regardless of the adopted approach to indicate the number of Msg3 repetitions, a fully backward compatible differentiation mechanism between R16 and R17 interpretation of UL must be introduced. According to discussions companies carried out during RAN1 #105-e, consensus seems to exist on the fact that the differentiation between the two interpretations should not require the introduction of any additional bit. In this case, UE may not be able to assess which UL grant interpretation is to be adopted just by inspecting the UL grant’s information fields.
[bookmark: _Toc71571270][bookmark: _Toc79074293]Observation 15. R17 UL grant carrying indication of Msg3 repetitions number and R16/R17 UL grants not carrying such indication cannot be distinguished just by looking at their structure and information fields content. 
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 that scrambles the CRC of 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 R16 or repurposed R17 UL grant is being received. In other words, and with reference to the latter option, even if a UE issued a Msg3 repetition scheduling request via suitable preamble transmission, i.e., Msg1, a subsequent  reception of the corresponding RAPID is not sufficient to inform the UE about which UL grant interpretation is to be adopted. Further work would be needed in this case.
[bookmark: _Toc71571271][bookmark: _Toc79074294]Observation 16. Neither the RA-RNTI that scrambles the CRC of 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 assess which UL grant interpretation is to be used. 
The two observations above imply that an alternative mechanism should be used by gNB to indicate to UE which UL grant interpretation is to be used Msg3 repetitions, and guarantee that no ambiguity exists at UE when decoding the UL grant. If no such 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, at least 3 alternative approaches exist to achieve this goal:
· New TDRA table: A new TDRA table is used by gNB to indicate time domain resource allocation and Msg3 repetition number jointly. The new table would then have one column carrying the configured number of Msg3 repetitions, as per discussion in the previous section. A R17 UE would know which TDRA to use depending on the RAPID included in the MAC sub-header of the RAR. In practice, if the UE transmitted a preamble configured for Msg3 repetition request, and the received RAPID matches the preamble ID used by UE, the latter uses the TDRA field to identify a row in the new TDRA table. The legacy TDRA table is used otherwise. No ambiguity would exist in this sense. UE understands that a new time domain resource allocation table (a field of the UL grant) is to be used to understand how many Msg3 repetitions the UE should transmit. This approach implies the following two consequences:
· Two different TDRA tables are specified for R17 UEs, a new table used by UEs which issued request for Msg3 repetition scheduling, the legacy R16 table used by other R17 UEs, for which not coverage shortage exists.
· Some rows of the new TDRA must be mapped to 1 Msg3 repetition, to ensure that gNB can still decide not to configure Msg3 repetition even if UE requests such configuration via Msg1.
This approach has several drawbacks:
1. The same flexibility issue analysed in the previous section would be present in this case as well. The extent of the problem would be larger in this case, since some rows of the new table would have to be mapped to 1 Msg3 repetition, to comply with existing agreements. As a result, gNB would have even less scheduling flexibility and configuring Msg3 repetitions would be even more discouraged.
2. Support for the use of the so-called “new TDRA” table would need to be added to specification. The new table could be hard-coded in the specification or transmitted to UEs in the cell via higher-layer broadcast signalling. In the first case, the scheduler flexibility problem would be larger, however the necessary DL throughput to convey higher-layer broadcast signalling would not increase. Moreover, the flexibility reduction would also come with the problem of deciding how to map a Msg3 repetition number value to a SLIV (the criterion leading to the best decision for mapping different number of Msg3 repetitions within the table is unclear and has never been studied).  Conversely, if the new table is signalled in the cell via, e.g., SIB1, broadcast signalling overhead may experience a non-negligible increase, which does not seem desirable in general, even more for UEs experiencing coverage shortage. 
For all these reasons, the approach based on the new TDRA table is not preferred.
· Reserved CSI request bit: The reserved CSI request bit could be repurposed 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 R17 interpretation of the UL grant, whereas R16 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, it suffers from the same issue discussed in the previous section. Indeed, 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. For this reason, the approach based on the reserved CSI request bit is not preferred.
· Range of TC-RNTI values: An alternative approach would be for gNB to use the TC-RNTI field included in the MAC RAR carrying the UL grant to inform a R17 UE that the UL grant is to be interpreted as a R17 UL grant with “repurposed fields”, or as a legacy UL grant. The 16 bits of the TC-RNTI field 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 R17 UL grant with repurposed fields. If other TC-RNTI values are used by gNB, then a R17 UE 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. R17 UEs would keep using TC-RNTI to scramble the CRC of Msg3 as per legacy RACH procedure, however such UEs would also be able to understand how the UL grant carried by the MAC RAR carrying the TC-RNTI is to be interpreted, by looking at the received value. Clearly, this additional meaning of the TC-RNTI would be accessible only to R17 UEs. Legacy UEs would be unaware of the additional meaning and keep operating according to legacy logic, i.e., UL grant as per R16 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.
Differently from the two aforementioned approaches, cost for the NW would be negligible in this case. For all these reasons, the approach based on the TC-RNTI values is the most suitable for the UL grant interpretation differentiation and should be preferred.
[bookmark: _Toc71571272][bookmark: _Toc79074295]Observation 17. Using (i) new TDRA table or (ii) CSI request field for ensuring that no ambiguity exists for the UL grant interpretation causes (i) scheduling flexibility reduction at gNB and/or broadcast DL signalling throughput increase and (ii) impossibility of providing backward compatible future support to early stage CSI reports in NR.
[bookmark: _Toc79074296]Observation 18. Using TC-RNTI values to differentiate between UL grant interpretations, i.e., R17 UL grant with repurposed fields or R16 UL grant, is fully backward compatible and comes at negligible cost for the network.
[bookmark: _Toc71571144][bookmark: _Toc71571325][bookmark: _Toc79074420]Proposal 6. UL grant interpretation differentiation is performed via a specific set/range of TC-RNTI values carried by the RAR MAC which carries the UL grant for Msg3 transmission over PUSCH.
· FFS: details
Finally, we observe that the same approach could be used for 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 R17 UE to differentiate between a “legacy” and a repurposed DCI 0_0 scheduling Msg3 transmission over PUSCH.
[bookmark: _Toc71571145][bookmark: _Toc71571326][bookmark: _Toc79074421]Proposal 7. UL grant interpretation differentiation in case of Msg3 re-transmission scheduling is provided via a specific set/range of TC-RNTI values used to scramble CRC of DCI 0_0 which schedules Msg3 re-transmission over PUSCH.
· FFS: details

2.3 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 R17:
	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.


Several approaches could be adopted to determine the RSRP threshold as per FFS in the agreement. Several thresholds and power offset are already defined in the specification. A reasonable approach would then seem to reuse the existing signalling structures, if possible.
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.
We now switch our focus on a relevant offset value defined via higher-layer signalling for initial access, i.e., msg3-DeltaPreamble. This parameter is used to configure the UE to use a TX power offset between Msg1 and Msg3, by means of which the latter transmission can be attenuated/boosted as compared to the former. 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.
[bookmark: _Toc79074422]Proposal 8. 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.

2.5 Indication of repetition number for re-transmission 
The following agreement was made during RAN1 #105-e:

	Agreement: For repetition indication of Msg3 re-transmission, select one options from the following two options.
· Option 1: Use the same mechanism as supported for Msg3 initial transmission.
· Option 2: Use HARQ process number bit field in DCI format 0_0 with CRC scrambled by TC-RNTI. 



DCI format 0_0 with CRC scrambled by TC-RNTI is used for scheduling the PUSCH carrying Msg3 re-transmission. According to R16 specification, such grant does not carry any indication of Msg3 repetition number. Modifications are then needed to ensure that Msg3 re-transmission can also be scheduled with repetitions. The agreement above provides two options to achieve this goal. 
From our perspective, deciding on this aspect prior to the stabilization of the discussion on the indication of the number of repetitions for Msg3 initial transmission is premature. Reason is quite simple. On the one hand Option 1 refers to a mechanism that has yet to be agreed on. Its appropriateness and suitability are impossible to assess at this stage. On the other hand, Option 2 proposes to use an approach specifically designed for DCI format 0_0 with CRC scrambled by TC-RNTI. The technical need in this case would need to be adequately justified, given the specification effort associated to it. Like Option 1, its appropriateness and suitability are impossible to assess at this stage.
[bookmark: _Toc79074297]Observation 19. Assessing appropriateness and suitability of both Option 1 and Option 2 for the indication of repetition number for Msg3 re-transmission prior to agreeing on a solution for the indication of repetition number for Msg3 initial transmission is impossible. 
[bookmark: _Toc79074423]Proposal 9. Discussion on the indication of the repetition number for Msg3 re-transmission should be postponed until a solution for the indication of repetition number for Msg3 initial transmission is agreed.

2.6 Frequency hopping for Msg3 repetitions
In R15/R16, 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 R17 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. However, capitalizing on this effect may be feasible only if no Msg3 repetition is configured, given the complexity that ta multi-UE scheduling in case of Msg3 repetitions with intra-slot FH would have. On the other hand, it is quite evident that intra-slot FH is arguably the only way to ensure frequency diversity gain for in this case.
[bookmark: _Toc71571264][bookmark: _Toc79074298]Observation 20. 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.
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 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: _Toc71571140][bookmark: _Toc71571321][bookmark: _Toc79074424]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 R17. The following observations have been made:
Observation 1. Applying a PRACH mask for a contention-based mechanism has an obvious impact in terms of collision probability as the number of UEs accessing the ROs identified by the mask increases.
Observation 2. Frequency diversity is expected to be beneficial for coverage shortage scenarios.
Observation 3. Letting UEs requesting Msg3 repetitions only using ROs configured for 4-step may yield more effective implementation at gNB.
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.
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. If one column was added to the TDRA table linking each of the possible 16 SLIV values to one Msg3 repetition number, gNB would be forced to choose among a very small amount of possibilities for each configurable repetition number.
Observation 8. Any change to TDRA and FDRA information fields does not only affect the UE for which Msg3 repetitions are configured but potentially affects several UEs which may need to access UL resources.
Observation 9. The criterion leading to the best decision for mapping different number of Msg3 repetitions to different SLIVs in the TDRA the table is unclear and has never been studied. Similar observation can be made for the FDRA information field.
Observation 10. Resorting to TDRA and/or FDRA information fields for indicating the number of Msg3 repetitions is arbitrary and not justified by actual technical needs, while entailing a cost for the NW  in terms of reduced scheduler flexibility at gNB and impact to the UL performance of several UEs.
Observation 11. Differently from the impact of TDRA and FDRA information fields, which is per-cell in practice, MCS and TPC information fields affect only the UE configured for Msg3 repetitions, if any.
Observation 12. It is reasonable to assume that gNB would never instruct the UE (via UL grant) to use 16QAM, for instance, or 4QAM with very high code rate. It is reasonable to assume that gNB would never instruct the UE to use the minimum power to transmit Msg3.
Observation 13. Given the results obtained during the SI, and the fact that Msg3 coverage did not show very large coverage issues, it does not seem reasonable to design a scheme where large number of Msg3 repetitions can be configured.
Observation 14. It is very unlikely that future UL grant structure modifications will be introduced in NR, due to the fundamental role that backward compatibility of UL grant plays in the context of initial access. Adding further bits on the top of the existing 27 ones may be unfeasible in this context.
Observation 15. R17 UL grant carrying indication of Msg3 repetitions number and R16/R17 UL grants not carrying such indication cannot be distinguished just by looking at their structure and information fields content.
Observation 16. Neither the RA-RNTI that scrambles the CRC of 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 assess which UL grant interpretation is to be used.
Observation 17. Using (i) new TDRA table or (ii) CSI request field for ensuring that no ambiguity exists for the UL grant interpretation causes (i) scheduling flexibility reduction at gNB and/or broadcast DL signalling throughput increase and (ii) impossibility of providing backward compatible future support to early stage CSI reports in NR.
Observation 18. Using TC-RNTI values to differentiate between UL grant interpretations, i.e., R17 UL grant with repurposed fields or R16 UL grant, is fully backward compatible and comes at negligible cost for the network.
Observation 19. Assessing appropriateness and suitability of both Option 1 and Option 2 for the indication of repetition number for Msg3 re-transmission prior to agreeing on a solution for the indication of repetition number for Msg3 initial transmission is impossible.
Observation 20. 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.
In addition, the following proposals have been made:
Proposal 1. For requesting Msg3 repetitions, both Option 1 and Option 2 should be supported.
Proposal 2. No PRACH mask should be introduced or supported for the UE to request Msg3 repetitions.
Proposal 3. Only ROs configured for 4-step RACH should be shared with CE UEs requesting Msg3 repetitions.
Proposal 4. Supported configurable number of Msg3 repetitions are at least:
· K=1, indicated via R17 UL grant according to legacy interpretation.
· K = {2,4} indicated via R17 UL grant according to interpretation based on repurposed information fields. 
· FFS: whether other values, e.g., {8, 12}, are supported.
Proposal 5. Repurpose MCS and/or TPC information fields in UL grant carried by RAR for indicating the number of repetitions for Msg3 transmission.
· FFS: details
Proposal 6. UL grant interpretation differentiation is performed via a specific set/range of TC-RNTI values carried by the RAR MAC which carries the UL grant for Msg3 transmission over PUSCH.
· FFS: details
Proposal 7. UL grant interpretation differentiation in case of Msg3 re-transmission scheduling is provided via a specific set/range of TC-RNTI values used to scramble CRC of DCI 0_0 which schedules Msg3 re-transmission over PUSCH.
· FFS: details
Proposal 8. 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.
Proposal 9. Discussion on the indication of the repetition number for Msg3 re-transmission should be postponed until a solution for the indication of repetition number for Msg3 initial transmission is agreed.
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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