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Background
In RAN1#106-e meeting, several agreements were made for msg3 repetition. We discuss remaining issues for this meeting.
Msg3 repetition request/scheduling
1.1. Preamble partitioning
In RAN1#115-e meeting [1], the following agreement was made at RACH partitioning AI.
	Agreements:
1.	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.




According to the above agreement in RAN2, RAN1 needs to consider whether any combination of the features related to CovEnh should be excluded or not.
In Rel-17, RedCap, SDT and RAN slicing will adopt RACH partitioning on its own purpose. In addition, RACH partitioning has been adopted for indicating potential msg3 size through preamble group A/B. Therefore,  in CovEnh WI, we need to consider CovEnh vs RedCap, CovEnh vs SDT, CovEnh vs RAN slicing and CovEnh vs preamble group A/B (which has also been asked in the LS from RAN2 CovEnh [2]).
CovEnh vs RedCap
This combination has been discussed quite a lot in RAN1 and RAN. Motivation is clear that msg3 repetition will compensate the UL coverage for RedCap UEs. Therefore, we can recommend RAN2 not to exclude this feature combination.
Observation 1: Feature combination of CovEnh vs RedCap should not be excluded from RAN1 perspective.
CovEnh vs SDT
According to [3], support for repetitions for CG-SDT has been discussed extensively in RAN1. It is natural to consider that, if repetition is necessary for CG-SDT, the repetition should be also supported for RA-SDT through msg3 repetition. In our understanding, whether to support this combination can be decided in SDT WI.
Observation 2: Feature combination of CovEnh vs SDT can be discussed in SDT WI.
CovEnh vs RAN slicing
In our understanding, RAN slicing has no cross-relationship with coverage enhancement. If this feature combination is excluded, the network will be confused when they want to operate both with RAN slicing and coverage enhancement. Therefore, from coverage enhancement perspective, we can support this combination.
Observation 3: Feature combination of CovEnh vs RAN slicing can be supported in CovEnh perspective.
CovEnh vs preamble group A/B
In NR, msg3 size for RRC setup request and for RRC resume request is different and the differentiation can be done through group A/B irrespective of measured RSRP. Preamble group A/B has been supported also for coverage-edge UE. Therefore, this feature combination should be supported.
Proposal 1: Feature combination of CovEnh and preamble group A/B should be supported.
1.2. Indication on the number of repetitions
In RAN1#106-e meeting [1], the following agreements were made for indication of the number of repetitions.
	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. 

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.

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.  




Following metrics are considered to finalize the indication of the number of repetitions for msg3.
· Scheduling flexibility
· SIB1 overhead
· Forward compatibility
Generally, necessary time domain allocation pattern for repetition would be different from the one for single PUSCH. For example, for msg3 repetition, mini-slot scheduling (i.e., PUSCH mapping type B) may be not necessary due to the nature of short duration (e.g., 2, 4, 7 OFDM symbols). On the other hand, for single PUSCH, mini-slot scheduling is beneficial for avoiding other signals/channels (e.g., PRACH, downlink region or even LTE signals) or for reducing latency. Therefore, different TDRA table for single PUSCH and repetition is beneficial in terms of scheduling flexibility. 
Proposal 2: New TDRA table is supported for msg3 repetition regardless of the supported indication mechanism of the number of repetitions.
SIB1 overhead is one of the issues identified in the previous meeting. Given that the maximum SIB1 payload size is 2976 bits, increased overhead for SIB1 payload is up to 8% (≃256 / 2976) for Option 1 of Alt 1 and up to 1% for Option 2 of Alt 2 (≃32/2976). In our estimation, maximum bits for TDRA table can be calculated by Total bits multiplied by 16. Therefore, the maximum bits for TDRA table is 176 or 256 bits for Option 1 and 32 bits for Option 2. 
Table 1: Estimation of maximum bits for each row of a TDRA table
	
	Required bits for Option 1
	Required bits for Option 2

	K2
	1 or 6 bits (default value is specified for K2)
	0 bit

	PUSCH mapping type
	1 bit
	0 bit

	SLIV
	7 bits
	0 bit

	Repetition factor
	2 bits
	2 bits

	Total
	11 or 16 bits
	2 bits



More importantly, the gNB may use only some of the 16 rows (e.g., 3 or 6 rows) for the new TDRA table. Typically, only slot-based scheduling (with 12 to 14 symbol allocation) would be enough. with 1 or 2 K2 values. Therefore, actual SIB1 overhead for Alt 1 can be smaller than above.
Forward compatibility should be ensured. Therefore, Alt 2/3 with Option 1 for RAR UL grant interpretation options are not preferred. If we take Alt2/3 for msg3 repetition, Option for RAR UL grant interpretation should be supported.
Observation 4: Reusing MCS/TPC field for indication of the number of repetitions with Option 1 for RAR UL grant interpretation options is not forward compatible solution.
Option 2 for RAR UL grant interpretation options leads additional FFS. For example, additional 1 bit is required for RAR UL grant to indicate interpretation method. In our understanding, CSI request field should be reserved in terms of forward compatibility. 
With above, we have two proposals.
Proposal 3: 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.

Proposal 4: The following option is agreed.
· When a UE requests Msg3 repetition, the new TDRA table is applied. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition.
· Repetition factor K=1 can be configured in the TDRA table. 
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy TDRA table is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.

Counting based on available slots
In RAN1#106-e meeting [1], the following agreement was made for counting based on available slots for msg3.
	Agreement
· The available slot of Msg3 PUSCH repetition is only determined by the tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst, no other additional Rel-16 signals/signalings will be considered. 
· If a symbol for Msg3 repetition in a slot overlaps with SSB transmission [FFS:N Gap symbols after SSB], the slot is determined as not available during the counting of repetitions. As there is no Msg3 repetition in the slot, no Msg3 repetition omission applies to the slot.
 



The FFS point should be removed from the above agreement since there is no motivation to put such a dropping rule. Since msg3 repetition is dynamically scheduled by RAR UL grant or DCI format 0_0 with CRC scrambled by TC-RNTI, the gNB can avoid such a scheduling.
Proposal 5: The FFS point should be removed from the following previous agreement.
· The available slot of Msg3 PUSCH repetition is only determined by the tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst, no other additional Rel-16 signals/signalings will be considered. 
· If a symbol for Msg3 repetition in a slot overlaps with SSB transmission [FFS:N Gap symbols after SSB], the slot is determined as not available during the counting of repetitions. As there is no Msg3 repetition in the slot, no Msg3 repetition omission applies to the slot.
1.3. Handling of flexible symbol
At the last meeting, there is an FFS point on whether and how to use flexible symbols indicated by tdd-UL-DL-ConfigCommon. Motivations to use flexible slots in tdd-ul-dl-ConfigCommon are as follows.
1) Configuring a pattern that is not possible only by tdd-ul-dl-ConfigCommon
2) Operating with dynamic TDD
Figure 1 shows an example of configuring a pattern that is not possible only by tdd-ul-dl-ConfigCommon. If the gNB wants to operate with multiple UL/DL switching points as in Figure 1(b) within a short duration (e.g., 5 slots), reconfiguration of cell-specific configuration by tdd-ul-dl-ConfigDedicated is required. It should be noted that, if cell-specific flexible slots are reconfigured to a UL/DL switching point, the flexible slots are not available for PUSCH repetition. Therefore, for msg3 repetition, such a flexible slot should be unavailable.
If the gNB wants to operate with dynamic TDD, it should be noted that periodic signals (e.g., SS/PBCH blocks, periodic CSI-RS, SPS PDSCH) should be minimized. If dynamic DL/UL change occurs only at a part of slots (i.e., only a part of slots configured as flexible is used for dynamic DL/UL change), such periodic signals should be confined within downlink slots configured by tdd-ul-dl-ConfigCommon. If dynamic DL/UL change can occur in every slot (i.e., all slots are flexible), periodic signals shouldn’t be configured. Therefore, for dynamic TDD, there is no need to specify msg3 repetition collision handling for any downlink signals. It means that all flexible slots are available for dynamic TDD. Therefore, the gNB should have flexibility in availability of flexible slots.
Proposal 6: The gNB configures whether flexible slots by tdd-ul-dl-ConfigCommon are available or not.
· 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.


Figure 1: An example of Cell-specific and UE-specific TDD pattern
Support for joint channel estimation
In RAN1#106-e meeting [1], the following agreement was made for joint channel estimation.
	Working assumption:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple consecutive/non-consecutive configured TDWs.
· Each configured TDW consists of one or multiple consecutive physical slots.
· The window length L of the configured TDW(s) can be explicitly configured with a single value and L is no longer than the maximum duration.
· FFS: The maximum value of L is the duration of all repetitions
· FFS: Solutions to error propagation issue if for L is longer than the maximum duration is to be discussed further.
· FFS: The window length L is configured per UL BWP
· The start of the first configured TDW is the first PUSCH transmission
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· The start of other configured TDWs can be implicitly determined prior to first repetition.
· FFS: The configured TDWs are consecutive for paired spectrum/SUL band
· FFS: The start of the configured TDWs for unpaired spectrum is implicitly determined based on semi-static DL/UL configuration.
· The end of the last configured TDW is the end of the last PUSCH transmission.
· FFS: The end of the configured TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
· The start of the first actual TDW is the first PUSCH transmission within the configured TDW.
· FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
· After one actual TDW starts, UE is expected to maintain the power consistency and phase continuity until one of the following conditions is met, then the actual TDW is ended.
· The actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· FFS: The end of the actual TDW is the last available slot/symbol, or the last physical slot/symbol for the last PUSCH transmission.
· An event occurs that violates power consistency and phase continuity
· FFS: The events may include e.g., a DL slot based on DL/UL configuration for unpaired spectrum, the actual TDW reaches the maximum duration, DL reception/monitoring occasion for unpaired spectrum, high priority transmission, frequency hopping, precoder cycling.
· FFS: The end of the actual TDW is the last available slot/symbol of the PUSCH transmission right before an event such that the power consistency and phase continuity are violated.
· If the power consistency and phase continuity are violated due to an event, whether a new actual TDW is created is subject to UE capability of supporting restarting DMRS bundling.
· If UE is capable of restarting DM-RS bundling, one new actual TDW is created after the event, 
· FFS: The start of the new actual TDW is the first available slot/symbol for PUSCH transmission after the event.
· If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
· FFS: UE capability of restarting DMRS bundling is applied only to dynamic event or not
Note 1: A ‘configured TDW’ refers to a time domain window whose length can be configured to ‘L’ and whose start and end is determined as described above. 
Note 2: An ‘actual TDW’ refers to a time domain window during whose entire duration the DM-RS bundling is actually applied. An ‘actual TDW’ duration is always less than or equal to the ‘configure TDW’ duration.
Note 3: Whether the terms ‘configured TDW’ and ‘actual TDW’ are revised to other terms and if such terminology is used in specifications is to be further discussed.
 



According to TR38.830 [4], joint channel estimation gain could be about 1 dB for agreed number 2 or 4 of repetitions. Since joint channel estimation can improve coverage without increasing the number of repetitions, joint channel estimation support for msg3 is beneficial.
If joint channel estimation is supported for msg3 repetition, it means that idle mode UEs are also required to operate with joint channel estimation. Therefore, joint channel estimation capability should be mandated for a UE supporting msg3 repetition.
Proposal 7: If Joint channel estimation is supported for msg3 repetition, joint channel estimation should be mandatory for UE supporting msg3 repetition.
Conclusion
In this contribution, we have the following observations:
Observation 1: Feature combination of CovEnh vs RedCap should not be excluded from RAN1 perspective.
Observation 2: Feature combination of CovEnh vs SDT can be discussed in SDT WI.
Observation 3: Feature combination of CovEnh vs RAN slicing can be supported in CovEnh perspective.
[bookmark: _GoBack]Observation 4: Reusing MCS/TPC field for indication of the number of repetitions with Option 1 for RAR UL grant interpretation options is not forward compatible solution.
In this contribution, we have the following proposals:
Proposal 1: Feature combination of CovEnh and preamble group A/B should be supported.
Proposal 2: New TDRA table is supported for msg3 repetition regardless of the supported indication mechanism of the number of repetitions.
Proposal 3: 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.

Proposal 4: The following option is agreed.
· When a UE requests Msg3 repetition, the new TDRA table is applied. gNB schedules Msg3 with or without repetition for the UE requesting Msg3 repetition.
· Repetition factor K=1 can be configured in the TDRA table. 
· When the UE doesn’t request Msg3 repetition (including legacy UE), the legacy TDRA table is applied. gNB schedules Msg3 without repetition for the UE not requesting Msg3 repetition.

Proposal 5: The FFS point should be removed from the following previous agreement.
· The available slot of Msg3 PUSCH repetition is only determined by the tdd-UL-DL-ConfigurationCommon and ssb-PositionsInBurst, no other additional Rel-16 signals/signalings will be considered. 
· If a symbol for Msg3 repetition in a slot overlaps with SSB transmission [FFS:N Gap symbols after SSB], the slot is determined as not available during the counting of repetitions. As there is no Msg3 repetition in the slot, no Msg3 repetition omission applies to the slot.

Proposal 6: The gNB configures whether flexible slots by tdd-ul-dl-ConfigCommon are available or not.
· 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.

Proposal 7: If Joint channel estimation is supported for msg3 repetition, joint channel estimation should be mandatory for UE supporting msg3 repetition.
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