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1. [bookmark: OLE_LINK8][bookmark: OLE_LINK5] Introduction
In RAN #108 meeting, a new 5G-A Rel-20 WI Coverage Enhancement for NR Phase 3 was approved [1], and was revised in RAN#109 [2], the objectives are listed as follows. 
	The detailed objectives for coverage enhancement of this work item include:	
· Specify following PRACH coverage enhancements [RAN1, RAN2]
· Multiple PRACH transmissions with different Tx beams for 4-step RACH procedure. 
· UE may receive UL beam information after transmission of MSG1
· UL beam information is to assist the UE decision on Msg3 beam selection.  
· Note 1: “different Tx beams” is for the purpose of future RAN1 discussions 
· Note 2: The enhancements of PRACH are targeting for FR2 and can also apply to FR1 when applicable.
· Note 3: The enhancements of PRACH are targeting short PRACH formats and can also apply to other formats when applicable.
· Note 4: The PRACH repetitions are transmitted over ROs associated with the same SSB.
· Note 5: The procedure for repetitions of a PRACH transmission is as in Rel-18
· [bookmark: _Hlk210982274]Specify enhancements to support PUSCH repetition scheduled by DCI 0_0 with C-RNTI [RAN1, RAN2]
· Specify enhancements to improve PUSCH coverage for higher uplink data rate by extending pi/2-BPSK to more MCS entries in MCS tables [RAN1]


Thanks for all companies and Mr. Chair’s efforts, we made some progress in this meeting, the details can be found in Section 5. 
In this document, based on the current progress, the working plan for RAN1 #124 are provided.
2. Working Plan for PRACH enhancements
In this section, FL summarized the key items for making progress on the PRACH enhancements with different Tx beams based on companies’ contributions.
[Medium, if any] Issue#1-1: Restrictions for PRACH with Different Tx Beams
According to the discussion in this meeting, the only concern is that the beam switching time may be too large to have impact on the PRACH transmission, which may need further check. Thus, FL would like companies, especially UE vendors, to further provide more information on How long is the transition time of beam switching for FR2? Any information from products/specs are both important to this issue. 
If we can confirm that the transition time is not large, we think we don’t need to introduce any restrictions. Otherwise, we should figure out some solution to this question.
[Low] Issue#1-2: Procedures/definitions in multiple PRACH transmissions with same Tx beam reused for multiple PRACH transmissions with different Tx beams
The only issue left here is whether to reuse the same definition of RAR window in Rel-18 multiple PRACH transmission with same beam for different beams. According to the discussions, only Huawei has concerns on this issue. FL summarizes Huawei’s concerns as follows:


Huawei thinks introduce separate RAR window for each beam can reduce the waiting time for UE, e.g., the best beam is Tx beam #0, and gNB will indicate it after receiving it. 
However, FL thinks it could be perfect if we don’t need to repeat the discussion in Rel-18 and just reuse the mechanism design of multiple PRACH transmissions with the Tx same beam. (which FL thinks is also the hope of majority view).
And since we finally need to have a conclusion, FL plans to have a conclusion on RAR window in next meeting. 

Besides, for the scenario and repetition times, we agreed to reuse what it is in Rel-18 according to following agreements. FL doesn’t think we need any further discussion on these two issues.
	Agreement
For multiple PRACH transmissions with different Tx beams, candidate values of the total number of PRACH transmissions are {2,4,8} in one RACH attempt.

Agreement
Confirm the following working assumption in RAN1 #122bis,
	Working assumption
The multiple PRACH transmission with different Tx beams is supported for CBRA, ReconfigurationWithSync case in CFRA and SI request.
· RAN1 assumes that all the cases are supported with a common solution






[Low] Issue#1-3: Differentiation of PRACH resources
The following agreement was reached in this meeting.
	Agreement
Support to configure separate ROs or separate preambles on shared RO to differentiate different number of multiple PRACH transmissions with different Tx beams via RRC parameters.
· FFS: Other details


Generally speaking, FL thinks the current agreement is enough for RAN1, other details can be decided by RAN2. But FL is not going to preclude any other details on the differentiation of PRACH resources from RAN1’s perspective. Companies can continue provide your opinions on the essential issues should be determined in RAN1.
[High] Issue#1-4: Criteria of determination of repetition times for Multiple PRACH transmissions with different Tx beams 
Thanks to companies’ great effort, we have the following agreement in RAN1 #123 meeting. 
	Agreement
At least for initial RACH attempt, the determination of total number of PRACH transmissions per RACH attempt is down-selected based on the following options
· Option 1: A single RSRP threshold is introduced to determine whether multiple PRACH transmissions with different Tx beams can be applied
· Option 2: each of the values of multiple RPSP thresholds corresponding to each of the values of the total number of multiple PRACH transmissions
· Option 3: each of the values of multiple RSRP thresholds corresponding to each of the values of the number of repetitions of a RACH transmission per Tx beam.
· Option 4: UE determines total number of RACH transmission based on the number of beams it supports.
· Other options are not precluded. 
· Combination of options not precluded.


The key issue for make further determination is which is more important to the criteria: RSRP or UE’s implementation, this could be different from that in Rel-18. Before providing your preference, please provide the reason of your preference, so that FL can make some further progress on narrowing down the options.
And in next meeting, if companies prefer the combination of options, please provide some details. And FL would like to narrow down the number of options to no more than 3, if possible. 
[High] Issue#1-5: Indication of UL beam information to UE
Indication method
The following agreement was reached in RAN1 #123 meeting.
	Agreement
At least for initial Msg3 transmission, support indicating the UL beam information via one of multiple options from following options, for down-selection:
· Option 1: based on implicit indication by RA-RNTI
· Option 3: based on explicit indication by repurposing field(s) in UL Grant in RAR
· Option 4: based on explicit indication by introducing new field in MAC RAR


FL would like to make the down-selection in next meeting, if possible.
For Companies prefer Option 1, the key issue is providing your solution of PRACH transmissions using different Tx beams may have the same RA-RNTI.
For Companies prefer Option 3, the key issue is providing which field(s) can be repurposed.
For Companies prefer Option 4, the key issue is to check with your RAN2 delegates to make sure it is feasible (since there is no TU is RAN2 currently, FL would like to avoid sending LS to RAN2)
Number of UL beam indicated
Besides, as for the number of UL beam indicated, Qualcomm and vivo prefer more than 1. FL think if more than 1 UL beams are indicated, at least the following points should be explained:
· How could it be indicated? It can have impact on the down-selection of indication methods. It will be the worst case that only Option 4 is feasible identified by RAN1, but RAN2 regards it not feasible till August next year.
· What’s the motivation and criteria of indicating more than 1 UL beams? Since even though multiple UL beams are indicated to UE, the following problems may still exist:
· UE may still have no idea on which one is best (depends on the indication method), 
· The second-best UL beam may be much worse than the best one, which may bring no benefits for UE, thus will it always be indicated?
· Only 1 best UL beam can already solve the beam correspondence issue. 

Besides, CATT proposed that the UL beam information may not be always indicated in this feature since “UE may receive”. But FL think it is not common understanding. Still, if companies have similar view as CATT, you can further propose it.
[High, for companies in favor of this] Issue#1-6: Configuration of ROs using same Tx beams for multiple RPACH transmissions with different Tx beams
FL agrees that this mechanism can bring extra benefits due to coherent detection of PRACH. But this is a necessity for this WID.
There are many companies in favor of this mechanism, but according to the current input, the solution is quite diverse. Since it is very difficult to make any progress.
Considering we only have 3 meetings left, if we want to support this in Rel-20, companies can have some offline communications, try to provide some common solutions, so that we can start some discussions in next meeting. Otherwise, FL doesn’t think we can manage to finish the design considering the limited time remained. 
And the solution should at least solve the following questions, as asked by FL in RAN1#123
· What can the pattern be like? (regardless predefined or configured)
· How to configure the pattern? 
· What’s the criteria UE select the pattern
Most important thing, make is simple and clear without too much extra workload.
[Medium] Issue#1-7: Power ramping issues
The following agreement was reached in RAN1#123.
	Agreement
For the power ramping between different RACH attempt for multiple PRACH transmission with different Tx beams, down-select from the following options:
· Option 1: when any of the Tx beams used in the next attempt is changed, Layer 1 (may) notifies higher layer to suspend the power ramping counter.
· Option 2: when all the Tx beams used in the next attempt are changed, Layer 1 notifies higher layer to suspend the power ramping counter
· Option 3: when M>1 UL Tx beams used in the next attempt are changed, Layer 1 (may) notifies higher layer to suspend the power ramping counter, FFS the value of M.
· Option 4: multiple power ramping counters are used for each PRACH transmission in the RO group.


FL would like to make the down-selection in next meeting, since the majority view seems to be Option 1. 

Besides, companies can share your understanding of the power control of multiple PRACH transmissions within a RACH attempt according to current specs. Since many companies mentioned the power should be the same, but according to the discussion in Rel-18, this may can’t be achieved in reality. FL would like to make sure all the companies are at the same page. 
[Low] Issue#1-8: Other issues
If we have time left, FL think we can start the discussion of other issues, not limited to fall-back, relation with Msg 3 repetition, etc. 
3. Discussion Points on PUSCH Repetition Scheduled by DCI 0_0 with C-RNTI
In this section, FL summarized the key items for making progress on the PUSCH repetition scheduled by DCI 0_0 with C-RNTI based on companies’ contributions.
[medium] Issue#2-1: Request of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI
The following agreement was reached in RAN1#123 meeting.
	Agreement:
[bookmark: _Hlk214541107][bookmark: _Hlk214540281]Support [request or capability report] of PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration in Msg3.


And there are still some issues to be discussed for this issue.
DL reference signal RSRP to trigger the request before receiving RRCReconfiguration.
Companies have different ideas on whether this is needed, since there are ready multiple UL signallings transmitted before Msg5. Without this RSRP, we can hardly say “request” of PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration. If so, the “request” in the bracket should be removed. Otherwise, the request and capability report is the same. 
[Postponed] Capability report of PUSCH repetition scheduled by DCI 0_0 with C-RNTI after receiving RRCReconfiguration
There could be separate signalling for the capability of PUSCH repetition scheduled by DCI 0_0 with C-RNTI after receiving RRC reconfiguration. But according to the companies’ view, this issue can be discussed in the UE feature discussion, at the end of this WI. Thus, the related discussion will be postponed.
[bookmark: _Hlk214541301]Request of PUSCH repetition scheduled by DCI 0_0 with C-RNTI after receiving RRCReconfiguration
For most companies, there should no request of PUSCH repetition scheduled by DCI 0_0 with C-RNTI after receiving RRCReconfiguration, as it is in legacy. As long as UE report the capability, should always indicate the repetition of the PUSCH repetition (the repetition time could be 1). If you have different understanding, please provide your opinions. 
[High]Issue#2-2: Indication of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI
The following agreement was reached in this meeting.  
	Agreement
Down-select one of the following options to indicate the number of repetitions of PUSCH scheduled by DCI 0_0 with C-RNTI
· Option 1: Using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI
· FFS: details
· Option 2: Based on TDRA
· FFS: details


Each of the options has its own advantages and disadvantages, FL prefer to do down-selection in next meeting. If we can’t, at least we can have single detailed mechanism for each option. 
For companies prefer Option 1, considering that for PUSCH scheduled by DCI format 0_0 with C-RNTI after receiving RRCReconfiguration, the payload can be larger, please also think about how to complement the loss of MCS selection in this scenario.
For companies prefer Option 2, try to make the mechanism easy and clean (not only the mechanism itself, but also for other companies’ reading), so that this can be achieved with minimum efforts.
[Medium] Issue#2-3 Candidate values of Repetition times
Though mentioned by many companies in RAN1#123, the values proposed are not very converged. FL thinks it is  time to start the related discussion in RAN1 #124. May be we can first focus on whether the maximum candidate value can be extended to 32, and then what’s the exact values.
[Low] Other issues
Relation with Msg3 repetition
If companies want to reuse some signalling of Msg3 repetition for the PUSCH repetition scheduled by DCI format 0_0 with C-RNTI in additional to the above designed mechanism, please continue input. And this issue may be discussed since next meeting according to the progress.
Discussion on other issues are not precluded. 
4. Discussion Points on extending pi/2-BPSK to more MCS entries
In this section, FL summarized the key issues for making progress on the PUSCH repetition scheduled by DCI 0_0 with C-RNTI based on companies’ contributions.
[Low] Issue#3-1: Which table(s) to be enhanced
Currently, the number of companies supporting table 6.1.4.1-2 or not is close. As per justification in WID, the extension in table 6.1.4.1-2 seems not needed. But as pointed by DOCOMO, if there is no fragmented design in the specification and without fragmented UE capability, support table 6.1.4.1-2 is also reasonable. 
However, this can be discussed at last, since it has no impact on the design of extension of pi/2 BPSK to more MCS entries. 
[High] Issue#3-2: Signalling for indicating the extension
The following agreement was reached in RAN1#123 meeting. 
	Agreement
For extension of pi/2-BPSK to more MCS entries, down-select one of the following Options:
· Option 1：Pi/2-BPSK is extended to all MCS entries in MCS table(s) with spectrum efficiency equals to or smaller than N = 0.8770.
· gNB can configure the maximum MCS up to which pi/2 BPSK is applicable. 
· Details on configuration to be discussed further
· FFS: UE signaling to the gNB for this configuration
· FFS: whether/how to provide assistance information and what is the assistance information 
· Option 2：Support extending Pi/2-BPSK to all MCS entries in MCS table(s) with spectrum efficiency equals to or smaller than X.
· Where X the fixed value select from:
a)	X = 0.8770
b)	X = 0.6016
· Extension is captured in the modified MCS table. 
· gNB enables/disables this feature via RRC signalling.


The motivation to introduce Option 1 is: regardless of the value of N, there could be performance since UE is not likely to always have the power boosting gain of 2.8dB, which is used to evaluate the performance. Thus, companies would like to introduce an RRC parameter to configure the maximum MCS entry that pi/2 BPSK can be applied to according to UE’s report of assistance information. 
FL would like to make a down-selection at the beginning of next meeting. And if Option 1 is supported, we will focus on the details of Option 1 in next meeting. 
5. Agreements in RAN1 #123
Following progress and agreements were reached in RAN1 #123.
PRACH enhancement 
Agreement
Confirm the following working assumption in RAN1 #122bis,
	Working assumption
The multiple PRACH transmission with different Tx beams is supported for CBRA, ReconfigurationWithSync case in CFRA and SI request.
· RAN1 assumes that all the cases are supported with a common solution



Agreement
At least for initial Msg3 transmission, support indicating the UL beam information via one of multiple options from following options, for down-selection:
· Option 1: based on implicit indication by RA-RNTI
· Option 3: based on explicit indication by repurposing field(s) in UL Grant in RAR
· Option 4: based on explicit indication by introducing new field in MAC RAR

Agreement
For multiple PRACH transmissions with different Tx beams, candidate values of the total number of PRACH transmissions are {2,4,8} in one RACH attempt.

Agreement
For the power ramping between different RACH attempt for multiple PRACH transmission with different Tx beams, down-select from the following options:
· Option 1: when any of the Tx beams used in the next attempt is changed, Layer 1 (may) notifies higher layer to suspend the power ramping counter.
· Option 2: when all the Tx beams used in the next attempt are changed, Layer 1 notifies higher layer to suspend the power ramping counter
· Option 3: when M>1 UL Tx beams used in the next attempt are changed, Layer 1 (may) notifies higher layer to suspend the power ramping counter, FFS the value of M.
· Option 4: multiple power ramping counters are used for each PRACH transmission in the RO group.

Agreement
Support to configure separate ROs or separate preambles on shared RO to differentiate different number of multiple PRACH transmissions with different Tx beams via RRC parameters.
· FFS: Other details

Agreement
At least for initial RACH attempt, the determination of total number of PRACH transmissions per RACH attempt is down-selected based on the following options
· Option 1: A single RSRP threshold is introduced to determine whether multiple PRACH transmissions with different Tx beams can be applied
· Option 2: each of the values of multiple RPSP thresholds corresponding to each of the values of the total number of multiple PRACH transmissions
· Option 3: each of the values of multiple RSRP thresholds corresponding to each of the values of the number of repetitions of a RACH transmission per Tx beam.
· Option 4: UE determines total number of RACH transmission based on the number of beams it supports.
· Other options are not precluded. 
· Combination of options not precluded.

PUSCH enhancement 
Agreement:
Support [request or capability report] of PUSCH repetition scheduled by DCI 0_0 with C-RNTI before receiving RRCReconfiguration in Msg3.

Agreement
Support PUSCH repetitions scheduled by DCI format 0_0 with C-RNTI both before and after receiving RRCReconfiguration.
Note: Strive for a single mechanism for PUSCH repetition scheduled by DCI 0_0 with C-RNTI

Agreement
The first RV id of PUSCH repetition scheduled by DCI format 0_0 with C-RNTI should follows the indication in DCI format 0_0.
Note: this agreement intends following update for the agreement made at RAN1#122bis
Reuse the following rules of Msg3 repetition for PUSCH repetition scheduled by DCI 0_0 with C-RNTI.
· RV determination rule, including first RV id determination, RV sequence selection, RV cycling, etc.
· Available slot determination rule
· Only applicable to PUSCH Repetition Type A

Agreement
For PUSCH repetition scheduled by DCI 0_0 with C-RNTI, inter-slot frequency hopping is supported
· Note: intra-slot frequency hopping is not supported unless the repetition time is 1

Agreement
Down-select one of the following options to indicate the number of repetitions of PUSCH scheduled by DCI 0_0 with C-RNTI both before and after receiving RRCReconfiguration
· Option 1: Using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI
· FFS: details
· Option 2: Based on TDRA
· FFS: details

Extension of pi/2 BPSK 
Agreement
For extension of pi/2-BPSK to more MCS entries, down-select one of the following Options:
· Option 1：Pi/2-BPSK is extended to all MCS entries in MCS table(s) with spectrum efficiency equals to or smaller than N = 0.8770.
· gNB can configure the maximum MCS up to which pi/2 BPSK is applicable. 
· Details on configuration to be discussed further
· FFS: UE signaling to the gNB for this configuration
· FFS: whether/how to provide assistance information and what is the assistance information 
· Option 2：Support extending Pi/2-BPSK to all MCS entries in MCS table(s) with spectrum efficiency equals to or smaller than X.
· Where X the fixed value select from:
a)	X = 0.8770
b)	X = 0.6016
· Extension is captured in the modified MCS table. 
· gNB enables/disables this feature via RRC signalling.

6. Agreements in RAN1 #122bis
PRACH enhancement 
[s]Agreement
Support to use separate ROs or separate preambles on shared RO to differentiate multiple PRACH transmissions with same Tx beam and different Tx beams.
· FFS: details

[s]Working assumption
The multiple PRACH transmission with different Tx beams is supported for CBRA, ReconfigurationWithSync case in CFRA and SI request.
· RAN1 assumes that all the cases are supported with a common solution

Agreement
Reuse at least the following definitions and mechanisms in multiple PRACH transmissions with same Tx beam for multiple PRACH transmissions with different Tx beams.
· Definition and determination of RO group
· definition of time period
· SSB-to-RO mapping rule
· Note: the terminology RO group stands for the ROs for multiple PRACH transmissions as specified in TS 38.213, i.e., “set consists of  valid PRACH occasions…”.

Agreement
Reuse the definition of time offset between RO groups in multiple PRACH transmissions with same Tx beam for multiple PRACH transmissions with different Tx beams.

Agreement
Reuse the PRACH power control (power ramping between different RACH attempts is FFS) rule of multiple PRACH transmissions with same Tx beam for multiple PRACH transmissions with different Tx beams.
· FFS: whether/how power ramping should be supported for multiple PRACH transmissions with different Tx beams.

Agreement
Support indicating the UL beam information via one or a combination of multiple options from following options, for down-selection:
· Option 1: implicitly indicated by RA-RNTI
· Option 2: explicitly indicated by DCI format 1_0 with CRC scrambled by RA-RNTI (e.g., reserved bits)
· Option 3: explicitly indicated by repurposing field(s) in UL Grant in RAR
· Option 4: explicitly indicated by introducing new field in MAC RAR
· Option 5: explicitly indicated by repurposing bit(s) in MAC RAR
FFS: the exact content of UL beam information

Agreement
For the determination of Tx beam utilization for multiple PRACH transmissions with different Tx beams, 
· It is up to UE implementation to determine which Tx beams to use, subject to any necessary restriction
· FFS: any necessary restriction
· FFS: whether/how gNB can configure UE to use same Tx beams in part of the PRACH transmissions

Agreement
For multiple PRACH transmissions with different Tx beams, the maximum candidate value of the total number of PRACH transmissions is 8 per RACH attempt.
· FFS: the exact candidate values and other details

PUSCH enhancement 
Agreement
Reuse the following rules of Msg3 repetition for PUSCH repetition scheduled by DCI 0_0 with C-RNTI.
· RV determination rule, including first RV id determination, RV sequence selection, RV cycling, etc.
· Available slot determination rule
· Only applicable to PUSCH Repetition Type A

Agreement
Down-select one of the following options to indicate the number of repetitions of PUSCH scheduled by DCI 0_0 with C-RNTI
· Option 1: Using at most 2 MSB of MCS field in DCI format 0_0 with CRC scrambled by C-RNTI
· Option 2: Based on TDRA
· Option 3: Using the padding bits in DCI format 0_0 with CRC scrambled by C-RNTI 
· Option 4: Using the 2 MSB of HPN field in DCI format 0_0 with CRC scrambled by C-RNTI
· Option 5: Using the DAI field in the DCI 1_0 with CRC scrambled by TC-RNTI
· Other options are not precluded

Agreement
Strive for a single mechanism for PUSCH repetition scheduled by DCI 0_0 with C-RNTI.

Agreement
Support [request or capability report] of PUSCH repetition scheduled by DCI 0_0 with C-RNTI at least before receiving RRCReconfiguration via one of the following signalling.
· Option 1: Msg3
· Option 2: HARQ-ACK of Msg4 
· FFS: whether to configure a RSRP of DL reference signal for UE to trigger the [request or capability report].
FFS: other options and details.
Extension of pi/2 BPSK 
Agreement
Introduce RRC signaling to enable the extension of pi/2-BPSK to more MCS entries.

Agreement
LLS should be conducted to decide which MCS entries pi/2-BPSK can be extended to.
· Both LLS performance gain and power boosting gain due to lower PAPR should be taken into consideration.
· Note: LLS performance gain refers to the performance gain/loss when using pi/2-BPSK compared with QPSK with same SE according to LLS; power boosting gain refers to the performance gain acquired due to the low PAPR of pi/2-BPSK compared with QPSK.

Agreement
Pi/2-BPSK is extended to more MCS entries in MCS tables with spectrum efficiency no larger than N (N <= 0.8770).
· FFS: value of N

Agreement
When extending pi/2-BPSK to more MCS entries in MCS tables, the code rate should be doubled to keep spectral efficiency the same. 
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