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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 Use of flexible symbol for counting on the basis of available slots
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 preference on not supporting separate RO or continuing Msg3 PRACH resources partitioning discussions in RAN1 depending on interaction other Rel-17 features (SDT, CovEnh, RedCap and RAN slicing) which are currently being discussed in RAN2. In this context, the following was agreed during RAN2#115-e [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
2.	Preambles associated with a Rel-17 feature should never be chosen by legacy UEs in the case of RO sharing.  
3.	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
4.	A common RRC CR capturing the signalling framework for RACH resource configuration across all the WIs should be used and this CR should be maintained as part of the common RACH agenda item.  Each WI is expected to provide the necessary parameters to include in the signalling.
5.	A common MAC CR capturing the changes to sections 5.1.1 and section 5.1.1a of the MAC spec can also be considered and if agreeable, this CR should also be maintained as part of the common RACH agenda item.
6.	As a baseline, the RA procedure design for Rel-17 should adhere to the following general principles: 
a: Carrier selection (between NUL/SUL) should happen ahead of the initial RACH resource selection (i.e. feature combination is not considered in carrier selection).   
b: Initial RACH resource should be selected based on the selected carrier for the selected feature combination (i.e., selected slice, SDT or not, REDCAP or not etc). Only the RACH resource matching the feature and/or feature combination of current RACH procedure will be considered as available in the RACH resource selection.
· c: As a general rule, all RACH retransmissions (if any are needed, until RACH failure happens) shall be performed over the same RACH resources (and same carrier – NUL/SUL) as the one selected for initial RACH resource.  However, we can discuss fallback on a case by case basis if there is a strong motivation and discuss them together in this AI.



When more than one feature needs to be allocated a certain share of PRACH resources to be operated, several criteria can be used to decide how such resources should be granted to this feature. When only one PRACH configuration can be configured, with all features making use of it, the number of collisions and outage events would increase significantly with the number of features making use of the PRACH resource (irrespective of whether the resource is a RO, a preamble, a group of shared ROs or shared preambles). 
If the overall number of features making use of the PRACH resource to perform feature-specific signalling is large, then even the possibility of grouping features together in this context, as depicted in the example provided in Figure 1 (where a possible PRACH resource partition for accommodating features A, B, and C is illustrated) may not be sufficient to solve the problem. Indeed, this approach based on grouping will likely be helpful in the short term but does not seem very forward-looking and may soon show limitations in practical deployments.
Conversely, if the configuration of multiple PRACH configuration indices was supported, a further degree of freedom would exist for the NW to improve the efficiency of the PRACH, thanks to lower number of collisions and outage events.
For these reasons, we think that Option 2, i.e., use separate RO configured by a separate PRACH configuration index from legacy UEs, should also be supported in Rel-17 for requesting Msg3 repetitions. 
[bookmark: _Toc86803297][bookmark: _Toc86946500]Proposal 1. For requesting Msg3 repetitions, also support Option 2, i.e., use separate RO configured by a separate PRACH configuration index from legacy UEs.
[image: ]
Figure 1. Possible RACH partition with features A, B and C.

2.2 Indication of the number of repetitions for initial Msg3 transmission 
In RAN1 #106bis-e, the following working assumption was made on the alternatives to down select only from 2 methods for indication 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 repetitions of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, Option 2 is supported. 
·   The candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]} 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· 2 MSB bits of the MCS information field are used for selecting one repetition factor from a SIB1 configured set with 4 candidate values.
·  The set of candidate values for repetition factor could be chosen from {[1], 2, 3, 4, 7, 8, [12], [16]}
Note: Whether ‘1’ is included depends on the outcome of interpretation of the selected information field.




By looking at its description, it is rather clear that Alt. 1 implies that the number of repetitions can only be semi-statically configured via SIB1, and the TDRA information field of the UL grant can only select a row of the TDRA table (in which one repetition number is semi-statically associated to each row). This approach is clearly less flexible that the fully dynamic indication that can be provided via Alt. 2.
In previous meetings, it has been argued that this problem could be mitigated by replicating the same row multiple times in the table, each replica of the row being associated to a different repetition number, instead of having 16 different rows in the table. According to proponents, this approach would arguably increase the flexibility of Alt. 1. However, this does not the case in practice. Indeed, by mapping more than one row to the same SLIV, K2 and mapping type, flexibility of the table would be significantly reduced, as compared to Rel-16 (whose default TDRA table is copied below). Additionally, this would significantly reduce the flexibility NW has when scheduling Msg3 without repetitions as compared to Rel-15/Rel-16, unless a dedicated TDRA table is configured in the SIB1 for scheduling Msg3 repetitions. This last approach has, however, non-negligible impact on the size of the SIB1 and on its coverage, as discussed in previous meetings.
[image: ]
Focusing in particular on the impact of K2 and mapping type, we note that reducing the number of possible choices that NW has in these regards forces NW to adapt scheduling decisions for all RRC_CONNECTED UL transmissions which NW may need to schedule, in a very sub-optimal way. Indeed, proper time domain resource scheduling is very important for RRC_CONNECTED PUSCH, which suffers a much worse coverage problem than Msg3 (as we know from the results of the SI), and for RRC_CONNECTED PUCCH, which is the backbone over which  UL communications between UE and NW are built. Preserving time domain resource at the most is a priority in our view. This becomes even more important in FR2 deployments, where the absence of digital beamforming makes it even more expensive in terms of resource utilization. Indeed, in this case, all the PRBs are beamformed/received using the same spatial filter by NW, hence transmitting more in frequency and less in time facilitates multi-user UL operations (the importance of short PUCCH becomes very clear in this case, for instance). If Alt. 1 is used, the overall cost will arguably be much higher than for Alt. 2 in this sense, and long delays would need to be introduced in many cases, complicating, consequently, several timeline considerations between DL and UL channels/signals. 
Differently form Alt. 1, the indication of repetition number as per Alt. 2 is fully dynamic, given that NW can indicate dynamically any of the 4 configured repetition factors for each indicated row of the TDRA table. Phrased it differently, an UL grant according to Alt. 1 can only indicate one repetition factor per SLIV (the one configured via SIB1) whereas an UL grant according to Alt. 2 can indicate one of the four available repetition factors per SLIV. The flexibility increase is obvious for Alt .2 w.r.t. Alt. 1, even when the SLIV, K2 and mapping type values are mapped to different repetition number in the latter (by replicating the same row multiple times). Even more, it is also obvious that Alt. 2 provides larger flexibility than what is available in Rel-15/Rel-16 since it enables the possibility to configure Msg3 repetitions on top of configuring Msg3 without repetitions as per legacy method, with no need for additional TDRA table configuration via SIB1. This is not possible if Alt. 1 is adopted.
In previous meetings, it was argued that	Alt. 2 also suffers from flexibility reduction in terms of MCS configuration. This is certainly true if we only consider the number of configurable MCS values via Alt. 2. However, this observation is very partial, since it does not consider that this enhancement is supposed to provide coverage increase to coverage challenged UEs. In this context, when coverage constraints are considered, Alt. 2 does not reduce flexibility, since higher MCS indices will never be used in practice, due to the very high resulting coding rate. This is very different, for instance, from an RRC_CONNECTED PUSCH condition, when coverage is good. Furthermore, it should be noted that, in case of Msg3 scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI the actual maximum MCS index supported by Alt. 2 is MCS7, which additionally provides larger flexibility. 
Additional comments made by proponents of Alt. 1 during RAN1 #106bis-e highlighted a potential drawback of Alt 2 which arguably causes certain link budget loss, due to the PSD reduction resulting from NW scheduling more PRBs for Alt. 2 in case of large Msg3 payload size. The following observations can be made in this regard.
· To claim that use more PRBs cause certain link budget loss, a benchmark to compare against is needed. 
· The performance of Msg3 during the SI was studied for 2 PRBs, hence 1 PRB is not the baseline assumption used throughout Rel-17. In this context, it should be noted that with 1 PRB only, coverage would have been higher (56-bit payload was assumed during the SI) and Msg3 may not have displayed any coverage shortage in this case. 
· During the SI, it was also shown that increasing the number of the PRBs, while decreasing MCS index is beneficial in most cases for PUSCH, until a certain (rather large) number of PRBs is achieved. Therefore, it is rather evident that no MCS index larger than MCS3 is needed for Msg3 initial transmission, to be able to support up to payload sizes of several hundreds of bits, especially if we consider that in case of Msg3 retransmission the MCS index could go up to MCS7. In the last case, in fact, the different in terms of MCS flexibility between Alt. 1 and Alt. 2 would be non-existing, de facto. 
[bookmark: _Toc86946474]Observation 1. To claim that more PRBs causes link budget loss, we need to have a benchmark to compare impacts of effective parameters e.g., the number of PRBs and MCS index.
[bookmark: _Toc86946475]Observation 2. It was shown in the SI that increasing the number of the PRBs, while decreasing MCS index was beneficial in most cases, until a certain (rather large) number of PRBs is achieved.
At the end of RAN1 #106bis-e, companies have been encouraged by FL to provide evaluation results for both Alt. 1 and Alt. 2 to be able to have a more complete picture of the situation for taking future decisions. Initially, only payload size values up to 208 bits were considered. However, from our perspective, ignoring larger payload size values may provide only a partial set of results which may not be sufficient to fully characterize the performance of Alt. 1 and Alt. 2, as payload size grows and PUSCH duration decreases. For this reason, we considered higher payload sizes as well (e.g., 282, 480 and 640 bits) and tested Alt. 2 for a number of PRBs such that the max configured MCS index for this approach never exceeds MCS3. In our view, this helps ensuring a more comprehensive PSD vs. coding gain study, given that results for more heavily stressed PUSCH instances is also considered. This is useful, for instance, to assess what would happen in case of applications such as Msg3 transmission after groupB preamble transmission, SDT, etc. Finally, we considered only the initial transmission, i.e., MSg3 scheduled by UL grant carried by RAR given that, as explained above, the difference between Alt. 1 and Alt. 2 in case of Msg3 retransmission is negligible in practice.
This yields the following simulation configurations for evaluation purposes:
L=14
	
	72 bits
	144 bits
	208 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Alt. 1
	1
	4
	2
	4
	2
	6

	Alt. 2
	2
	1
	4
	1
	5
	1

	
	282 bits
	480 bits
	640 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Alt. 1
	2
	8
	3
	8
	4
	8

	Alt. 2
	7
	1
	10
	2
	10
	3



L=12
	
	72 bits
	144 bits
	208 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Alt 1
	1
	5
	2
	5
	2
	7

	Alt. 2
	3
	0
	6
	0
	7
	1

	
	282 bits
	480 bits
	640 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Alt 1
	3
	6
	4
	8
	5
	8

	Alt 2
	9
	1
	9
	3
	12
	3



L=10
	
	72 bits
	144 bits
	208 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Alt 1
	1
	6
	2
	6
	3
	6

	Alt 2
	3
	1
	6
	1
	7
	2

	
	282 bits
	480 bits
	640 bits

	
	PRBs
	MCS#
	PRBs
	MCS#
	PRBs
	MCS#

	Alt 1
	3
	8
	5
	8
	7
	8

	Alt 2
	7
	3
	12
	3
	15
	3



Table 1- Employed configurations for performance evaluation, L=14,12,10.

The following setting has been simulated.

	Scenario
	Urban Macro FR1 TDD @ 4GHz

	Slot structure
	DDDSU

	Channel model
	TDL-C, NLOS

	UE speed
	UE speed = 3 Kmh

	Number or Rx/Tx chains
	1T2R

	SCS
	30 kHz

	BWP size
	100 MHz

	Waveform
	DFT-S-OFDM

	PRBs and MCS configuration
	According to the tables above

	FH
	Inter-slot

	Number of repetitions
	{1,2,4}

	RV sequence
	[0 2 3 1]




A summary of evaluation results when TBS=72 is depicted in Table 3, where:
· The column w/ power normalization provides the 10% BLER SNR considering the impact of the number of allocated PRBs on the power per RE at the transmitter (the UE). In other words, this represents .
· The column Gap provides the LB difference between Alt. 1 and Alt. 2, where green cells are used to highlight cases for which Alt. 2 provides larger LB, and red cells are used to highlight cases for which Alt. 1 provides better LB.


	
	Number of Msg3 repetitions
	Alt. 1
	Alt. 2 
	Gap [dB]

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	L=14
	1
	5.63
	5.63
	1.69
	4.7
	0.93

	L=12
	1
	6.88
	6.88
	-0.5
	4.27
	2.61

	L=10
	1
	9
	9
	0.5
	5,27
	3.73

	L=14
	2
	0.75
	0.75
	-1.88
	1.13
	-0.38

	L=12
	2
	1.63
	1.63
	-3
	1.77
	-0.14

	L=10
	2
	3.25
	3.25
	-2
	2.77
	0.48

	L=14
	4
	-2.5
	-2.5
	-3.8
	-0.74
	-1,76

	L=12
	4
	-1.88
	-1.88
	-6.3
	-1,48
	-0.4

	L=10
	4
	-0.88
	-0.88
	-4
	0,77
	-1.65



Table 2- Evaluation results of Alt. 1 and Alt. 2 when TBS=72.

A summary of evaluation results when TBS=144, TBS=208, TBS=282, TBS=480 and TBS=640 is provided in Table 4, Table 5, Table 6, Table 7 and Table 8, respectively. 

	
	Number of Msg3 repetitions
	Alt 1
	Alt 2 
	Gap

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	L=14
	1
	4.25
	7.26
	0.63
	6.65
	0.61

	L=12
	1
	5.44
	8.45
	-0.88
	6.91
	1,54

	L=10
	1
	6.88
	9.89
	0.38
	8.16
	1,73

	L=14
	2
	0.5
	3.51
	-2
	4.02
	-0.51

	L=12
	2
	1.38
	4.39
	-2.5
	5.28
	-0.89

	L=10
	2
	2.25
	5.26
	-2.13
	5.66
	-0.4

	L=14
	4
	-2.13
	0.89
	-3.5
	2.52
	-1.63

	L=12
	4
	-1.75
	1.26
	-4.75
	3.03
	-1,77

	L=10
	4
	-1.38
	1.63
	-3.63
	4.16
	-2,53



Table 3- Evaluation results of Alt. 1 and Alt. 2 when TBS=144.

	
	Number of Msg3 repetitions
	Alt 1
	Alt 2
	Gap

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	L=14
	1
	6.81
	9.82
	1.5
	8.49
	1.33

	L=12
	1
	9.5
	12.51
	0.63
	9.08
	3.43

	L=10
	1
	5.88
	10.64
	1.63
	10.08
	0.56

	L=14
	2
	3.5
	6.51
	-1.5
	5.49
	1,02

	L=12
	2
	3.88
	6.89
	-1.63
	6.83
	0.06

	L=10
	2
	3
	7.77
	-1.5
	6.95
	0.82

	L=14
	4
	-0.25
	2.76
	-3.38
	3,61
	-0.85

	L=12
	4
	0.5
	3.51
	-3.5
	4.95
	-1.44

	L=10
	4
	-1
	3.77
	-3
	5.45
	-1.68



Table 4- Evaluation results of Alt. 1 and Alt. 2 when TBS=208.
	
	Number of Msg3 repetitions
	Alt 1
	Alt 2
	Gap

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	L=14
	1
	9.25
	12.26
	0.88
	9.33
	2.93

	L=12
	1
	5.9
	10.65
	0.38
	9.92
	0.72

	L=10
	1
	7.69
	12.46
	0.94
	10.48
	1.98

	L=14
	2
	4.5
	7.51
	-3
	5.45
	2.06

	L=12
	2
	3
	7.77
	-3.13
	6.42
	1.35

	L=10
	2
	4.13
	8.9
	-3
	6.54
	2.36

	L=14
	4
	1
	4.01
	-5.13
	3.33
	0.68

	L=12
	4
	-1
	3.77
	-5
	4.54
	-0.77

	L=10
	4
	0.19
	4.96
	-4.88
	4.67
	0.29


Table 5- Evaluation results of Alt. 1 and Alt. 2 when TBS=282.

	
	Number of Msg3 repetitions
	Alt 1
	Alt 2
	Gap

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	L=14
	1
	7.69
	12.46
	0.32
	10.31
	2.15

	L=12
	1
	7.94
	13.96
	2.13
	11.67
	2.29

	L=10
	1
	7.44
	14.43
	1.19
	11.98
	2.45

	L=14
	2
	4.13
	8.9
	-3.25
	6.75
	2.15

	L=12
	2
	3.5
	9.52
	-1.81
	7.73
	1.79

	L=10
	2
	3.38
	10.36
	-2.75
	8.04
	2.32

	L=14
	4
	0.19
	4.96
	-4.5
	5.5
	-0.54

	L=12
	4
	-0.94
	5.08
	-4
	5.54
	-0.46

	L=10
	4
	-0.69
	6.3
	-4
	6.79
	-0.49


Table 6- Evaluation results of Alt. 1 and Alt. 2 when TBS=480.

	
	Number of Msg3 repetitions
	Alt 1
	Alt 2
	Gap

	
	
	10% BLER SNR [dB]
	w/ power normalization [dB]
	10% BLER SNR [dB]
	w/ power normalization [dB]
	

	L=14
	1
	7.94
	13.96
	1.62
	11.63
	2.33

	L=12
	1
	7.44
	14.43
	1.88
	11.98
	2.45

	L=10
	1
	6.9
	15.35
	1.13
	12.89
	2.46

	L=14
	2
	3.5
	9.52
	-2.37
	7.63
	1.89

	L=12
	2
	3.38
	10.36
	-2.75
	8.04
	2.32

	L=10
	2
	3.3
	11.75
	-2.94
	8.82
	2.93

	L=14
	4
	-0.94
	5.08
	-3.88
	6.12
	-1.04

	L=12
	4
	-0.69
	6.3
	-4
	6.79
	-0.49

	L=10
	4
	-0.94
	7.51
	-3.88
	7.89
	-0.38


Table 7- Evaluation results of Alt. 1 and Alt. 2 when TBS=640.

The following conclusions can be drawn from the obtained results:

· Keeping MCS index below 4 does not hinder the performance of the system if the number of repetitions is not larger than 2.
· It can be inferred from the results that configuring Alt. 2 with MCS index 2 and MCS index 3 can provide better performance than Alt. 1 also for number of repetitions larger than 2.
· The larger the payload size, the more Option 2 outperforms Option 1, if the number of repetitions is not larger than 2.
· This is because the beneficial impact of the lower MCS index set for Option 2 is visible as long as the effective coding gain of Alt. 1 is not competitive. As the number of repetitions increases. The effective coding gain of Alt. 1 becomes more competitive, and the effect of the PSD reduction when a larger number of PRBs are configured becomes more evident.
· Further studies would be necessary for larger repetition numbers, however the results during the SI showed that configuring a repetition number larger than 4 may not be needed in a large majority of the cases. 
· Performance difference is never very large. The two alternatives slightly outperform one another, depending on the considered configuration. In this context, it is observed that the performance difference a bit larger when Alt. 2 outperforms Alt. 1 than when Alt. 1 outperforms Alt. 2.
· The reason of the performance difference in this case is to be found in the interaction between frequency diversity, PSD variation and coding gain variation. When the initial coding rate is low, Alt. 2 will always perform better than Alt. 1, since coding gain dominates PSD gain due to how the MCS table is designed (the coding gain steps are rather large). This effect increases as the TBS increases, i.e., the larger the TBS the more Alt. 2 (i.e., prioritization of coding gain over PSD gain) is better than Alt. 1. However, when the number of repetitions grows, the difference in terms of coding rate becomes less relevant (although always present in favor of Alt. 2, by design), whereas the PSD gain becomes more relevant and start having a dominating effect. There is a tradeoff in this sense, and a crossing point after which Alt. 1 becomes better. In this context, it may be interesting to consider a table we provided for RRC_CONNECTED PUSCH during the SI, where the result of extensive studies performed on this coding gain vs. PSD gain trade-ff was provided (the best operating point in the table is highlighted in green). While the focus of that study was on a different PUSCH instance, the logic would still apply to the PUSCH carrying Msg3, in terms of physical property. As can be seen from Table 8, results are not supporting the prioritization of PSD gain over coding gain.

	MCS index
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	Number of PRBs
	10
	11
	13
	16
	19
	23
	30
	37
	48
	59
	74
	90
	115
	144
	192

	PSD variation 
[in dB per RE]
	0
	-0.41
	-1.14
	-2.04
	-2.79
	-3.62
	-4.77
	-5.68
	-6.81
	-7.71
	-8.69
	-9.54
	-10.61
	-11.58
	-12.83

	Coding gain variation [in dB per RE]
	0
	1.06
	2.25
	3.63
	4.98
	6.08
	7.27
	8.45
	9.59
	10.39
	11.52
	12.36
	13.70
	15.06
	16.19

	Net MCL/MPL variation
	0
	0.65
	1.11
	1.58
	2.20
	2.46
	2.59
	2.76
	2.78
	2.79
	2.80
	2.82
	3.10
	3.48
	3.35


[bookmark: _Ref86917688]Table 8 - PUSCH MCL gain [in dB] by increasing number of PRBs and reducing MCS (table 3) with target throughput of 1Mbps for Urban FR1 TDD, NLOS, 100MHz BW, 3 km/h UE speed and 30kHz SCS.

Summarizing, and given all the above considerations related to flexibility and performance, our preference is for Alt. 2 which, in particular: 
· [bookmark: _Hlk86918074]does not display deterministic and significant performance loss/increase as compared to Alt. 1 (it depends on the considered configuration). 
· [bookmark: _Hlk86918095]allows to configure number of repetitions dynamically (up to 4 values out of the supported ones, e.g., via SIB1), whereas Alt. 1 allows to configure the number of repetitions only semi-statically. Flexibility of Alt. 2 is clearly larger.

[bookmark: _Toc86946476]Observation 3. Alt. 2 does not display deterministic and significant performance loss/increase as compared to Alt. 1 (it depends on the considered configuration).
[bookmark: _Toc86946477]Observation 4. Alt. 2 allows to configure number of repetitions dynamically (up to 4 values out of the supported ones, e.g., via SIB1), whereas Alt. 1 allows to configure the number of repetitions only semi-statically. Flexibility of Alt. 2 is clearly larger.
[bookmark: _Toc86946478]Observation 5. Difference between Alt. 1 and Alt. 2 is negligible for Msg3 retransmission. 
[bookmark: _Toc86803298][bookmark: _Toc86946501]Proposal 2. Support Alt. 2 and repurpose MCS information field in UL grant carried by RAR, and MCS field in DCI format 0_0 with CRC scrambled by TC-RNTI for indicating the number of repetitions for Msg3 initial and re- transmission.
If Alt.2 is used, the 2 MSB of the MCS information field of the UL grant carried by RAR or by DCI format 0_0 with CRC scrambled by TC-RNTI are used to indicate the Msg3 repetition factor. As already discussed in previous meetings, this would be rather straightforwardly result in the use of MCS index tables as the ones given in Table 9 and Table 10 for Msg3 scheduled by UL grant carrier by RAR and Msg3 scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI.
[bookmark: _Toc86946502]Proposal 3. Support MCS index Table 9 and Table 10 for Msg3 scheduled by UL grant carried by RAR and Msg3 scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, respectively.

	[bookmark: _Hlk86918460]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
	

	0001
	1
	2
	157
	0.3066
	

	0010
	2
	2
	193
	0.3770
	

	0011
	3
	2
	251
	0.4902
	

	0100
	0
	2
	120
	0.2344
	

	0101
	1
	2
	157
	0.3066
	

	0110
	2
	2
	193
	0.3770
	

	0111
	3
	2
	251
	0.4902
	

	1000
	0
	2
	120
	0.2344
	

	1001
	1
	2
	157
	0.3066
	

	1010
	2
	2
	193
	0.3770
	

	1011
	3
	2
	251
	0.4902
	

	1100
	0
	2
	120
	0.2344
	

	1101
	1
	2
	157
	0.3066
	

	1110
	2
	2
	193
	0.3770
	

	1111
	3
	2
	251
	0.4902
	


[bookmark: _Ref77539702][bookmark: _Hlk77539739]Table 9 – MCS index Table used to configure Msg3 repetition number for UL grant carried by RAR, based on Table 5.1.3.1-1 of TS 38.214


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

	00000
	0
	2
	120
	0.2344
	

	00001
	1
	2
	157
	0.3066
	

	00010
	2
	2
	193
	0.3770
	

	00011
	3
	2
	251
	0.4902
	

	00100
	4
	2
	308
	0.6016
	

	00101
	5
	2
	379
	0.7402
	

	00110
	6
	2
	449
	0.8770
	

	00111
	7
	2
	526
	1.0273
	

	01000
	0
	2
	120
	0.2344
	

	01001
	1
	2
	157
	0.3066
	

	01010
	2
	2
	193
	0.3770
	

	01011
	3
	2
	251
	0.4902
	

	01100
	4
	2
	308
	0.6016
	

	01101
	5
	2
	379
	0.7402
	

	01110
	6
	2
	449
	0.8770
	

	01111
	7
	2
	526
	1.0273
	

	10000
	0
	2
	120
	0.2344
	

	10001
	1
	2
	157
	0.3066
	

	10010
	2
	2
	193
	0.3770
	

	10011
	3
	2
	251
	0.4902
	

	10100
	4
	2
	308
	0.6016
	

	10101
	5
	2
	379
	0.7402
	

	10110
	6
	2
	449
	0.8770
	

	10111
	7
	2
	526
	1.0273
	

	11000
	0
	2
	120
	0.2344
	

	11001
	1
	2
	157
	0.3066
	

	11010
	2
	2
	193
	0.3770
	

	11011
	3
	2
	251
	0.4902
	

	11100
	4
	2
	308
	0.6016
	

	11101
	5
	2
	379
	0.7402
	

	11110
	6
	2
	449
	0.8770
	

	11111
	7
	2
	526
	1.0273
	


[bookmark: _Ref86927457]Table 10 –MCS index Table used to configure Msg3 repetition number for DCI format 0_0 with CRC scrambled by TC-RNTI, based on Table 5.1.3.1-1 of TS 38.214


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 can differentiate between the legacy and new interpretation of the information field used to indicate the number of Msg3 repetitions:
	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.




It was decided during RAN1 #106bis-e to further discuss about this issue after more progress related to Section 2.2 is achieved. However, 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 based solution is adopted.

[bookmark: _Toc86946479]Observation 6. The main difference between Option 1 and Option 2 is whether or not the value K=1 is explicitly indicated.
[bookmark: _Toc86946480]Observation 7. 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.
[bookmark: _Toc83823763][bookmark: _Toc83917616][bookmark: _Toc83917643][bookmark: _Toc86803299]On the FFS in Option 2, on possibility is to use the reserved CSI request bit to indicate to Rel-17 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, although the solution would be feasible. 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: _Toc86946503]Proposal 4. 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.  



As agreed in RAN1 #106bis-e, specifying the candidate values for Msg3 repetition was proposed to be discussed together with repetition indication. As a matter of fact, 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 and the enhancement was included in the WIS. Given the observed results in [4], assuming that since PUSCH can need up to 16/32 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 8 is needed.  
Additionally, and 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][bookmark: _Toc86803300][bookmark: _Toc86946504]Proposal 5.  Supported Msg3 repetition numbers other than K=1 should be limited to already agreed .
[bookmark: _Toc79074297]
2.4 Transmission of Msg3 repetition on the available slots
In RAN1 #106bis-e, the following agreement was made on the collision handling rules regarding transmission of Msg3 repetition in an available slot:

	Agreement
The Rel-15/16 Msg3 PUSCH collision handling rules are reused for transmission of Msg3 PUSCH repetition in an available slot.
· FFS whether collision with downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated is an exceptional case, i.e., Msg3 PUSCH repetition cannot be canceled by downlink symbols indicated by tdd-UL-DL-ConfigurationDedicated in Rel-17.
· FFS: Rel-17 Msg3 PUSCH collision rules are also applied if introduced in other WI(s)




We acknowledge that optimizations on top of Rel-15/16 Msg3 PUSCH collision handling rules could be possible for this aspect. However, we do not think that the practical relevance of this scenario is such to justify such optimization. Indeed, in our view the question should be simply about how much we need an optimization, 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 any optimization on top of Rel-15/16 Msg3 PUSCH collision handling rules. Such optimization would come with specification impact, and likely implementation impact, which is not justified by any practically relevant or demonstrated need. Even more, if we consider that latency has never been an important metric to maximize for AI 8.8 for Rel-17, both in the SI and in the WI (for instance, when discussing PRACH resource fragmentation, PRACH retransmissions as opposed to PRACH repetitions and so on). Therefore, we consider that trading coverage for latency is acceptable in a WI about coverage enhancement. 

[bookmark: _Toc83823768][bookmark: _Toc83917620][bookmark: _Toc83917647][bookmark: _Toc86946505]Proposal 6. No further collision handling rules are introduced for Msg3 PUSCH repetitions. 

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. To claim that more PRBs causes link budget loss, we need to have a benchmark to compare impacts of effective parameters e.g., the number of PRBs and MCS index.
Observation 2. It was shown in the SI that increasing the number of the PRBs, while decreasing MCS index was beneficial in most cases, until a certain (rather large) number of PRBs is achieved.
Observation 3. Alt. 2 does not display deterministic and significant performance loss/increase as compared to Alt. 1 (it depends on the considered configuration).
Observation 4. Alt. 2 allows to configure number of repetitions dynamically (up to 4 values out of the supported ones, e.g., via SIB1), whereas Alt. 1 allows to configure the number of repetitions only semi-statically. Flexibility of Alt. 2 is clearly larger.
Observation 5. Difference between Alt. 1 and Alt. 2 is negligible for Msg3 retransmission.
Observation 6. The main difference between Option 1 and Option 2 is whether or not the value K=1 is explicitly indicated.
Observation 7. 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.
The following proposals have been made:
Proposal 1. For requesting Msg3 repetitions, also support Option 2, i.e., use separate RO configured by a separate PRACH configuration index from legacy UEs.
Proposal 2. Support Alt. 2 and repurpose MCS information field in UL grant carried by RAR, and MCS field in DCI format 0_0 with CRC scrambled by TC-RNTI for indicating the number of repetitions for Msg3 initial and re- transmission.
Proposal 3. Support MCS index Table 9 and Table 10 for Msg3 scheduled by UL grant carried by RAR and Msg3 scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, respectively.
Proposal 4. 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 5.  Supported Msg3 repetition numbers other than K=1 should be limited to already agreed .
Proposal 6. No further collision handling rules are introduced for Msg3 PUSCH repetitions.
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Table 6.1.2.1.1-2: Default PUSCH time domain resource allocation A for normal CP

Row index PUSCH Kz s L
mapping type
1 Type A J 0 14
2 Type A J 0 12
3 Type A J 0 10
4 Type B J 2 10
5 Type B J 4 10
6 Type B Ji 4 8
7 Type B I 4 6
8 Type A I 0 14
9 Type A = 0 12
10 Type A = 0 10
11 Type A J*2 0 14
12 Type A J*2 0 12
13 Type A 2 0 10
14 Type B J 8 [
15 Type A +3 0 14
16 Type A 3 0 10





