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[bookmark: _Ref497831218]Introduction
In RAN1#106-e meeting, type A PUSCH repetitions for Msg3 was extensively discussed. A set of agreements on some detailed aspects which need detailed design or down selection were achieved [1]. In addition, several proposals with no consensus during email discussion were left for further study in this meeting [2].
In this contribution, we provide our views on the remaining issues for Msg3 PUSCH enhancement.
Discussion
Early identification of coverage enhancement UE
	Agreement:
· For requesting Msg3 PUSCH repetition, support the following:
·  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.



It is critical to identify coverage enhancement UE before it transmits Msg3 PUSCH [3]. In RAN1#105-e meeting, it was agreed that  at least separate preamble with shared RO configured by the same PRACH configuration index with legacy UE is supported to request Msg3 PUSCH repetition for a coverage enhancement UE. One of the remaining issues is whether to introduce a PRACH mask to indicate a sub-set of ROs used for requesting Msg3 repetition for a UE. The original purpose is to reduce the impact on the capacity of random access for legacy UE since only the ROs within the PRACH mask will be shared between legacy UE and coverage enhancement UE. However, the PRACH mask can only be acknowledged by CE-capable UEs in Rel-17. A legacy UE is unable to distinguish whether a selected RO is included in the PRACH mask or not. Hence, the introduction of the PRACH mask does not help to improve the capacity of legacy UE.
Observation 1: It is no need 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.
Another issue is whether or not to additionally support using separate RO for requesting Msg3 PUSCH repetition. In Rel-17, RACH partitioning will be a serious problem since it will be required by many features, e.g. RedCap, CE, SDT, and RAN slicing. RAN2 had a joint discussion to address the issue, aiming at a unified solution for all related topics in the previous meeting [4]. To provide more flexibility to the gNB, separate ROs should be allowed for early identification for requesting Msg3 repetition. A unified solution for Rel-17 RACH partitioning is preferred and should be up to RAN2 discussion.
Proposal 1: For requesting Msg3 PUSCH repetition, using separate ROs configured by a separate PRACH configuration index from legacy UEs should be supported. The details are up to RAN2.
Repetition indication for initial Msg3 PUSCH transmission and Msg3 PUSCH re-transmission
In RAN1#106-e meeting, the mechanism of indicating repetition number of Msg3 PUSCH was heatedly discussed and the following working assumption was achieved.
	Working Assumption
Down-select only one from the following methods for indication of the number of repetition of Msg3 initial transmission.
· Alt 1: If TDRA information field is chosen, introducing a new configurable TDRA table including the repetition factors.
·  The new TDRA table is configured by SIB1, with selecting one of the two options below. 
· Option 1: The new TDRA table includes separate new indication for K2, mapping type, SLIV and repetition factor. 
· Option 2: The new TDRA table includes legacy indication for K2, mapping type and SLIV from legacy TDRA table, and new indication for repetition factor.
·  If a new TDRA table is not configured, the legacy default TDRA table is used, and repetition factor K=1 is applied.
· K=1. 
· Alt 2: If MCS information field is chosen, repurpose the MCS information field as follows.
· X MSB bits of the MCS information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Alt 3: If TPC information field is chosen, repurpose the TPC information field by selecting one of the two options below.
· Option 1: X LSB bits of the TPC information field are used for repetition indication. 
·  FFS the value of X.
·  FFS whether the X bits are directly used for indicating the repetition factor (i.e., the decimal value of X is equal to the repetition factor) or used for selecting one repetition factor from a predefined/SIB1 configured set. 
· Option 2: A predefined TPC command table with including repetition factor K is introduced. 
·  FFS details. 



To enable Msg3 repetition, the most direct way is to configure one additional TDRA table with a column of repetition factor can be configured via SIB1. Compared to other fields, TDRA based indication has least flexibility sacrifice, which is already applied in Rel-16 PUSCH repetition number indication.  Accordingly, there is less standard impact if TDRA field is chosen to indicate the number of repetition of Msg3 initial transmission. On the other hand, using partial bits of the other fields including MCS and TPC in Alt.2 and Alt.3 for repetition indication would result in the additional restriction on these fields. In addition, if the repetition factor is bundled with the candidate value of TPC field via a predefined TPC command table, the flexibility of repetition indication would be decreased. Hence, we prefer to use TDRA field to indicate the repetition factor.
As for the new TDRA table, there is an obvious trade-off between the two options in Alt.1. A totally new TDRA table in option 1 has relatively larger SIB1 signalling overhead compared to a TDRA table only added the new indication for repetition factor in option 2. On the other hand, option 2 means that CE UEs need to share the same TDRA configuration including K2, mapping type and SLIV with legacy UEs, which has less flexibility compared to option 1. Both options are workable. In our opinion, the configured TDRA table can be determined by gNB. If a new TDRA table in option 1 is indicated in SIB1, the new TDRA table would be used. Otherwise, only a set of repetition factors would be jointly indicated with the legacy configuration in the TDRA table.
Proposal 2: Whether the new TDRA table configured in SIB1 includes separate new indication for all K2, mapping type, SLIV from legacy TDRA table or new indication for repetition factor only can be determined by gNB.

Then, regarding to the TDRA table selection between the legacy one and the newly introduced one, it was agreed to down select one of the following two options in RAN1#106-e meeting:
	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.



For option 1, it will introduce significant scheduling restriction. The TDRA table selection is always up to UE request, which is too restricted. When a UE requests Msg3 repetition, gNB may still want to schedule Msg3 without repetition after comprehensive consideration, e.g. when the DL/UL reciprocity condition does not hold, or the UL traffic is too busy. Repetition factor K=1 will be configured in part of entries in the new TDRA table in case of gNB schedules Msg3 without repetition. Then, the SLIV can be used for Msg3 PUSCH transmission is limited for both cases, i.e. when gNB schedules Msg3 with or without repetition.
For option 2, one bit can be used to indicate which TDRA table is used for time domain resource allocation. When gNB schedules Msg3 without repetition no matter whether a UE requests Msg3 repetition or not, gNB can select one entry from the legacy TDRA table. Instead, if gNB schedules Msg3 with repetition, the coverage enhancement specific TDRA table including both resource allocation and repetition factor would be indicated. Subsequently, TDRA filed in UL grant is used to indicate the time domain resource allocation and repetition number simultaneously. As CSI request bit field is reserved which is useless for legacy UE, it can be used to explicitly indicate which TDRA table is used with full forward compatibility. 
Proposal 3: CSI request bit field can be used as an explicit indication of which TDRA table is used for time domain resource allocation of Msg3.
In addition, if TDRA based indication is applicable, it is better to use a unified solution for repetition indication of Msg3 re-transmission. There is no need to increase the standard complexity by adopting different methods for Msg3 initial transmission and re-transmission but just to achieve the same purpose.
Proposal 4: For repetition indication of Msg3 re-transmission, use the same mechanism as supported for Msg3 initial transmission if TDRA based indication is applicable.
Intra-slot frequency hopping for Msg3 PUSCH with repetition
In RAN1#104-e meeting, it was agreed that inter-slot frequency hopping for repetition of Msg3 initial and re-transmission is supported. Then, during last meeting, it was proposed to down select from the following two options:
	Proposal for issue 14: For frequency hopping for Msg3 repetition, down-select one of the two options below. 
· Option 1: Support intra-slot frequency hopping for Msg3 with repetition. 
· Intra-slot frequency hopping and inter-slot frequency hopping cannot be enabled simultaneously. 
· When intra-slot frequency hopping is configured, the UE assumes the same starting RB and the same frequency offset for Msg3 PUSCH repetitions within a transmission. 
· Option 2: Support only intra-slot frequency hopping for Msg3 PUSCH without repetition and only inter-slot frequency hopping for Msg3 PUSCH with repetition. 
· If UE is indicated with Msg3 PUSCH with repetition, the frequency hopping flag information field in UL RAR grant or DCI format 0_0 with CRC scrambled by TC-RNTI is reused to enable/disable inter-slot frequency hopping.



 As shown in Figure 1, intra-frequency hopping requires at least one DMRS symbol in each hop, which is defined in TS 38.211 [5]. The DMRS density for intra-slot hopping is higher than that of inter-slot hopping if the same DMRS configuration is applied.  On the other hand, frequency hopping gain can be achieved via inter-slot frequency hopping as well. From this perspective, inter-slot frequency hopping for Msg3 PUSCH repetition is sufficient.


[bookmark: _Ref68249597]Figure 1: Intra-slot and Inter-slot frequency hopping for Msg3 PUSCH repetition.
Consequently, the current frequency hopping flag can be reused to indicate whether inter-slot frequency hopping is enabled or not in case of repetition is indicated for Msg3 PUSCH. Otherwise, frequency hopping flag is used to indicate whether intra-slot frequency is enabled or not.
Proposal 5: Support only intra-slot frequency hopping for Msg3 PUSCH without repetition and only inter-slot frequency hopping for Msg3 PUSCH with repetition.
Early termination of Msg3 repetition
Currently, the MAC entity shall start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission once the Msg3 is transmitted. If Msg3 PUSCH repetition is enabled, there are two directions on when to start the ra-ContentionResolutionTimer: 
· Option1: the MAC entity only starts the ra-ContentionResolutionTimer after the end of the Msg3 transmission, i.e. after the end of the last Msg3 PUSCH repetition. 
· Option2: the MAC entity starts and restarts the ra-ContentionResolutionTimer after each Msg3 PUSCH repetition. 


[bookmark: _Ref68594794]Figure 2: Illustration on how MAC entity starts ra-ContentionResolutionTimer.
One example is shown in Figure 2 for the above two options. Typically, Msg3 PUSCH repetition is enabled only when the coverage is pretty bad. In the other words, it is most likely that gNB needs to receive all the repetitions in order to successfully decode Msg3 PUSCH. If MAC entity can start the ra-ContentionResolutionTimer after each Msg3 PUSCH repetition, UE has to monitor PDCCH vainly if gNB cannot decode individual Msg3 PUSCH transmission correctly. On the other hand, the cancelling operation at UE side needs more processing power, e.g. at least T2 before the start of the to-be-cancelled PUSCH is needed. It is suggested that the ra-ContentionResolutionTimer starts/restarts after the end of the last Msg3 PUSCH repetition
Proposal 6: MAC entity should start and restart ra-ContentionResolutionTimer in the first symbol after the end of the last Msg3 PUSCH repetition.
Counting on the basis of available slots for Msg3 repetition
In order to guarantee the performance of Msg3 PUSCH transmission, it was agreed that the number of repetitions is counted on the basis of available slots [6]. The remaining issue on the definition of available slot for Msg3 PUSCH repetition is whether and how to use flexible symbols indicated by TDD-UL-DL-Configcommon. The following proposal was discussed in RAN1#106-e meeting:
	Proposal-v3 for Issue#10: Flexible symbol indicated by tdd-UL-DL-ConfigurationCommon can be regarded as available symbols for Msg3 PUSCH repetition with repetition factor K>1. 
· Option 2-A: Additional explicit indication is introduced to indicate whether flexible slots/symbols indicated configured via TDD-UL-DL-Configcommon are available for Msg3 repetition. 
· Option 2-A1: Introduce 1 bit RRC parameter in SIB1. 
· If the parameter is provided, flexible symbol indicated via TDD-UL-DL-Configcommon is available for Msg3 repetition, otherwise, they are not available.
· Option 2-A2: Introduce InvalidSymbolPattern in SIB1. 
· The signaling design of InvalidSymbolPattern is the same as Rel-16.
· Option 2-A3: Introduce a bitmap indication in PDCCH with RA-RNTI
· Each bit of the bitmap corresponds to one slot or multiple slots configured with flexible symbols, and indicate whether the associated slot is available or not. 
· FFS how many bits of the bitmap and the detailed association of the bitmap. 
· Option 2-C: No need additional indication. 
Note: For a UE requesting Msg3 PUSCH repetition while scheduled without repetition, Rel-16 rules are reused i.e., flexible symbol indicated by tdd-UL-DL-ConfigurationCommon is regarded as available symbols.



Generally, we think the utilization of flexible symbols for Msg3 PUSCH repetition can be up to gNB scheduling. No specification effort is needed. For example, gNB can ensure no other downlink transmissions would be scheduled on the flexible slots/symbols configured via tdd-UL-DL-ConfigurationCommon overlapping with Msg3 PUSCH repetition.
Several options propose to introduce explicit indication to indicate the availability of flexible symbols for Msg3 repetition. For option 2-A1, the flexibility is poor since the indication parameter is introduced in SIB1. The state of the availability of flexible symbols for Msg3 repetition will be almost static. The indication of the parameter cannot be flexibly switched according to Msg3 scheduling with or without repetition. For option 2-A2, the mechanism seems more like a secondary TDD configuration. It seems lack of much sense to configure a secondary cell-common TDD configuration only for Msg3 repetition. For option 2-A3, the introduction of bitmap would result in heavy burden on DCI overhead. In addition, how to design the bitmap including the bit size and other detailed association have a large impact on the specification, which is not desirable for us.
Hence, we propose not to introduce additional indication on the availability of flexible symbols for Msg3 repetition. 
Proposal 7: Flexible symbol indicated by tdd-UL-DL-ConfigurationCommon can be regarded as available symbols for Msg3 PUSCH repetition with repetition factor K>1. Additional indication on the availability of flexible symbols is not introduced.
In addition, once the available slot is determined, the RV cycling for Msg3 should be based on transmission occasions on available slot. This is already supported in AI 8.8.1.1, i.e. Rel-17 PUSCH repetition type A enhancement [1], which can be directly applied to Msg3.
Proposal 8: RV cycling for Msg3 should be based on transmission occasions on available slot.
Conclusion
This contribution discussed the mechanisms of enhancements for Msg3 PUSCH. We have the following observation and proposals:
Observation 1: It is no need 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.
Proposal 1: For requesting Msg3 PUSCH repetition, using separate ROs configured by a separate PRACH configuration index from legacy UEs should be supported. The details are up to RAN2.
Proposal 2: Whether the new TDRA table configured in SIB1 includes separate new indication for all K2, mapping type, SLIV from legacy TDRA table or new indication for repetition factor only can be determined by gNB.
Proposal 3: CSI request bit field can be used as an explicit indication of which TDRA table is used for time domain resource allocation of Msg3.
Proposal 4: For repetition indication of Msg3 re-transmission, use the same mechanism as supported for Msg3 initial transmission if TDRA based indication is applicable.
Proposal 5: Support only intra-slot frequency hopping for Msg3 PUSCH without repetition and only inter-slot frequency hopping for Msg3 PUSCH with repetition.
Proposal 6: MAC entity should start and restart ra-ContentionResolutionTimer in the first symbol after the end of the last Msg3 PUSCH repetition.
Proposal 7: Flexible symbol indicated by tdd-UL-DL-ConfigurationCommon can be regarded as available symbols for Msg3 PUSCH repetition with repetition factor K>1. Additional indication on the availability of flexible symbols is not introduced.
Proposal 8: RV cycling for Msg3 should be based on transmission occasions on available slot.
References
1. [bookmark: _Ref64636111][bookmark: _Ref78550795][bookmark: _Ref40110219][bookmark: _Ref53384544][bookmark: _Ref60816075]Chairman's Notes RAN1#106-e, 3GPP TSG RAN WG1 Meeting #106-e, e-Meeting, August 16th – 27th, 2021.
1. [bookmark: _Ref83196650][bookmark: _Ref70520213]R1-2108584, “Feature lead summary #3 on support of Type A PUSCH repetitions for Msg3”, ZTE, RAN1#106-e
1. [bookmark: _Ref83196726][bookmark: _Ref40110236]R1- 2104541, “Discussion on Type A PUSCH repetitions for Msg3”, CATT, RAN1#105-e.
1. [bookmark: _Ref83729091][bookmark: _Ref71375144][bookmark: _Ref78550673]Report of 3GPP TSG RAN WG2 meeting #115-e, 3GPP TSG RAN WG2 Meeting #115-e, e-Meeting, August 16th – 27th, 2021.
1. [bookmark: _Ref83729115]TS 38.211, Physical channels and modulation, v16.5.0.
1. [bookmark: _Ref83213531][bookmark: _Ref78548555][bookmark: _GoBack]Chairman's Notes RAN1#105-e, 3GPP TSG RAN WG1 Meeting #105-e, e-Meeting, A May 19th – 27th, 2021.
oleObject1.bin
Slot#n


Hop offset


Msg3 PUSCH repetition number=4


Slot#n


Hop offset


Msg3 PUSCH repetition number=4


Intra-slot FH


Inter-slot FH


Frequency hop


DMRS symbol


Slot#n+1


Slot#n+2


Slot#n+3


Slot#n+1


Slot#n+2


Slot#n+3



image2.emf
Slot#n

Msg3 PUSCH repetition number=4

Uplink 

spectrum

Msg3 

PUSCH

DMRS 

symbol

Slot#n+1

Slot#n+2

Slot#n+3

Uplink 

spectrum

MAC entity starts ra-ContentionResolutionTimer

Restart ra-ContentionResolutionTimer

Restart ra-ContentionResolutionTimer

Start ra-ContentionResolutionTimer

Option1

Option2


oleObject2.bin
�

Slot#n


Msg3 PUSCH repetition number=4


MAC entity starts ra-ContentionResolutionTimer


Restart ra-ContentionResolutionTimer


Uplink spectrum


Uplink spectrum


Msg3 PUSCH


DMRS symbol


Restart ra-ContentionResolutionTimer


Start ra-ContentionResolutionTimer


Option1


Option2


Slot#n+1


Slot#n+2


Slot#n+3



image1.emf
Slot#n

Hop 

offset

Msg3 PUSCH repetition number=4

Slot#n

Hop 

offset

Msg3 PUSCH repetition number=4

Intra-slot FH

Inter-slot FH

Frequency 

hop

DMRS 

symbol

Slot#n+1

Slot#n+2

Slot#n+3

Slot#n+1

Slot#n+2

Slot#n+3


