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[bookmark: _Ref521334010]Introduction
In RAN1#107bis-e meeting, coverage enhancement on joint channel estimation for PUSCH was extensively discussed. A set of agreements were achieved [1]. In addition, several proposals with no consensus during email discussion were left for further study in this meeting [2].
	Conclusion
· It is not expected to redefine transmission occasion for PUSCH/PUCCH for DMRS bundling in Rel-17.
Agreement
· The value range of PUSCH-TimeDomainWindowLength is INTEGER (2..[32]).
· The value range of PUCCH-TimeDomainWindowLength is INTEGER (2..[8]).
· Note: the value shall not exceed the maximum duration.
Agreement
Adopt the following TP to TS 38.214
	6.1.7      UE procedure for determining time domain windows for bundling DM-RS
< unchanged text omitted>
-    For PUCCH transmissions of PUCCH repetition, a dropping or cancellation of a PUCCH transmission according to clause 9, clause 9.2.6 and clause 11.1 of [6, TS 38.213].
< unchanged text omitted>



Agreement
Send an LS to RAN4 asking the following question
· For extended CP, is 11-symbol the maximum length for the non-zero un-scheduled gap in-between the PUSCH transmission or PUCCH repetition, when UE is required to maintain power consistency and phase continuity?

Endorsement
[DRAFT] LS on DMRS bundling for PUSCH and PUCCH is endorsed in principle.
Agreement
Final LS R1-2200773 on DMRS bundling for PUSCH and PUCCH is endorsed.

Agreement
· If DMRS bundling and UL beam switching for multi-TRP operation are configured simultaneously, UL beam switching for multi-TRP operation is regarded as a semi-static event.

Agreement
Update the description of the RRC parameters PUSCH-Window-Restart and PUCCH-Window-Restart as follows.
· UE bundles PUSCH DM-RS remaining in a nominal time domain window after event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements
· UE bundles PUCCH DM-RS remaining in a nominal time domain window after event(s) triggered by DCI or MAC-CE that violate power consistency and phase continuity requirements
Note: Events which are triggered by DCI or MAC CE, but regarded as semi-static events, e.g. frequency hopping, UL beam switching for multi-TRP operation, or other if defined, are excluded.



In this contribution, the remaining issues on TPC command and the events which violate power consistency and phase continuity are discussed.

Discussion
Remaining issues on TPC command 
It was agreed that the action of the TPC adjustment would violate power consistency and phase continuity. Hence, a working assumption was achieved to modify the action time of the TPC command to maintain the power consistency and phase continuity when DMRS bundling is enabled in RAN1#107e-meeting [3]. 
	Working assumption:
· The action of group common TPC commands with format 2_2 does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands,
· If UE receives TPC commands that would take into effect during a configured TDW, UE accumulates TPC commands without taking effect during the current configured TDW. TPC commands take effect after the current configured TDW.
· If UE is not configured to accumulate TPC commands
· the last TPC command that would take effect within a configured TDW supersedes all previous TPC commands that take effect within that configured TDW and only the last TPC command is applied by the UE after the current configured TDW. 
FFS: no more than 1 TPC command is expected to take effect during a configured TDW.



However, it seems that companies have different understandings on the existing mechanism of TPC command which results in no consensus on the enhancement of TPC adjustment. Then, the following observation was proposed in RAN1#107bis-e meeting which needs further discussion [2].
	Observations:
· Clarification on the interpretation of the definition of  for DG-PUSCH in TS 38.214 for Rel-15/16 is needed.
· Interpretation 1:  is defined as the number of OFDM symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission occasion i. With this interpretation, value of  for a PUSCH transmission occasion is different from the one for another PUSCH transmission occasion among the same set of PUSCH repetitions for a TB.
· Interpretation 2:  is defined as the number of OFDM symbols after a last symbol of a corresponding PDCCH reception and before a first symbol of the first PUSCH repetition for a TB. With this interpretation, value of  for all PUSCH transmission occasions are the same for the TB.


The original intension of the power adjustment mechanism during the process of DG-PUSCH repetitions is to maintain the power consistency. For Interpretation 1, as shown in Figure 1, the time period of TPC accumulation for each  among the PUSCH repetitions are the same which ensures that UE does not change the power until the end of the last PUSCH repetition transmission. 


[bookmark: _Ref94435893]Figure 1: Power control procedure for DG-PUSCH with Interpretation 1.
However, for Interpretation 2, the time period of TPC accumulation for each  among the PUSCH repetitions are different as shown in Figure 2, where the length of  and  are the same as . In this condition, UE has to change the transmission power if accumulated [image: ] values of TPC command field in DCI format 2_2 fall into any  before the last PUSCH repetition transmission, which is contradicted to the intension of the power adjustment mechanism for DG-PUSCH repetitions. Hence, we believe Interpretation 1 on the definition of  for DG-PUSCH is the correct understanding.


[bookmark: _Ref94436538]Figure 2: Power control procedure for DG-PUSCH with Interpretation 2.
Proposal 1: Confirm that Interpretation 1 on the definition of  for DG-PUSCH is the correct understanding.

In order to avoid the misunderstanding of the definition of, we suggest the following text proposal for TS 38.213:
	[bookmark: _Ref500774487][bookmark: _Toc12021446][bookmark: _Toc20311558][bookmark: _Toc26719383][bookmark: _Toc29894814][bookmark: _Toc29899113][bookmark: _Toc29899531][bookmark: _Toc29917268][bookmark: _Toc36498142][bookmark: _Toc45699168][bookmark: _Toc74762907][bookmark: _Ref497117847]7.1.1	UE behavior
<< unchanged text is omitted >>
-	If a PUSCH transmission in PUSCH transmission occasion i is scheduled by a DCI format, [image: ] is a number of symbols for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 
-	If a PUSCH transmission in PUSCH transmission occasion i is configured by ConfiguredGrantConfig, [image: ] is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ]
<< unchanged text is omitted >>



Proposal 2: Adopt the following text proposal for the definition of  in TS 38.213.
	7.1.1	UE behavior
<< unchanged text is omitted >>
-	If a PUSCH transmission in PUSCH transmission occasion i is scheduled by a DCI format, [image: ] is a number of symbols for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 
-	If a PUSCH transmission in PUSCH transmission occasion i is configured by ConfiguredGrantConfig, [image: ] is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ]
<< unchanged text is omitted >>



Since the UE can maintain the power consistency for DG-PUSCH repetitions in Rel-15/16, no enhancement is needed for DG-PUSCH in Rel-17. For CG-PUSCH, the following proposal was discussed in RAN1#107bis-e meeting [2].
	Proposal 13b: For group common TPC commands with format 2_2 for CG-PUSCH, if UE is configured to accumulate TPC commands,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· [bookmark: OLE_LINK3]For the first transmission occasion  occuring after the nominal time domain window, , where  is all the TPC command values that would take effect for the transmission occasions occurring after transmission occasion  and no later than transmission occasion  (i.e. including occasion k itself) between the first symbol of the previous nominal time domain window and the first symbol of current nominal time domain window.



In general, modifying the UE behaviour in FL Proposal 13b is simpler than changing   or . However, the time period of TPC accumulation for each  determined according to the above description would not be consecutive, which leads to the consequence that a [image: ] may not be accumulated for any PUSCH transmission if the TPC command with format 2_2 falls into the gap between two consecutive period of TPC accumulation as shown in Figure 3. Hence, we propose to slightly adjust the definition of  to all of the TPC command values that would take effect from  symbols before the transmission occasions  to  symbols before the transmission occasion k. As shown in Figure 4, the first transmission of the former nominal time domain window is  and the first transmission of the next nominal time domain window is .Time period of TPC accumulation for is from the  symbols before  to the  symbols before. In this condition, all of the TPC command values can be accumulated for UE, e.g.  and .


[bookmark: _Ref95207714]Figure 3: Power control procedure for enhanced CG-PUSCH in FL Proposal 13b.


[bookmark: _Ref95207698]Figure 4: Modified power control procedure for modified FL Proposal 13b.

Proposal 3: For group common TPC commands with format 2_2 for CG-PUSCH, if UE is configured to accumulate TPC commands,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occuring after the nominal time domain window, , where  is all the TPC command values that would take effect from  symbols before the transmission occasions  to  symbols before the transmission occasion .

Last but not least, if no consensus can be achieved on how to capture the TPC adjustment for CG-PUSCH repetitions with DMRS bundling, it will be unfortunate that the above working assumption cannot be confirmed. As we are approaching the end of Rel-17, treating the action of the TPC command as a dynamic event should be the fallback option.
Proposal 4: If there is no consensus on how to modify the mechanism of TPC adjustment in case of DMRS bundling, the fallback option is to treat the action of group common TPC command with format 2_2 for CG-PUSCH repetitions as a dynamic event.

Events which violate power consistency and phase continuity
Some remaining issues on the events caused by downlink behavior need further study. In the current specification, only the following event caused by downlink slot/symbol is included [4].
	6.1.7    UE procedure for determining time domain windows for bundling DM-RS
<< omitted text >>
Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots,or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
-    A downlink slot or downlink reception or downlink monitoring based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated for unpaired spectrum.
<< omitted text >>



However, for unpaired spectrum, a downlink monitoring may be based on not only tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated, but also other higher layer parameters, e.g. RRC parameters related to PDCCH monitoring or SFI monitoring. Hence, the existing description is incomplete.
In addition, for HD-FDD RedCap UE, an event is constituted as long as DL reception including SS/PBCH block provided by ssb-PositionInBurst, or DL monitoring exists between two consecutive uplink transmissions. Thus, we suggest the following text proposal:
	6.1.7    UE procedure for determining time domain windows for bundling DM-RS
<< unchanged text is omitted >>
Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots,or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
-    A downlink slot or downlink reception or downlink monitoring based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated for unpaired spectrum.
-    A downlink reception or downlink monitoring for reduced capability half-duplex UE for paired spectrum.
<< unchanged text is omitted >>



Proposal 5: Adopt the following text proposal for events caused by downlink-related behaviors.
	6.1.7    UE procedure for determining time domain windows for bundling DM-RS
<< unchanged text is omitted >>
Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots,or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
-    A downlink slot or downlink reception or downlink monitoring based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated for unpaired spectrum.
-    A downlink reception or downlink monitoring for reduced capability half-duplex UE for paired spectrum.
<< unchanged text is omitted >>



Another remaining issue is whether a new actual TDW can be created after a semi-static event if another dynamic event happens no later than the semi-static event in the same nominal TDW, when the UE not capable of restarting DM-RS bundling. According to the agreement achieved in RAN1#107-e meeting [3], a new actual TDW can be created from the start of the next configured TDW since it is a fixed position according to the configuration of the length of configured TDW.
	· 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.



Besides, considering both gNB and UE are able to know the start and the end of each actual TDW caused by semi-static event without ambiguity, it is reasonable to create a new actual TDW after a semi-static event if the semi-static event is triggered after one or multiple dynamic events, or overlaps with a dynamic event.
Proposal 6: A new actual TDW is created after a semi-static event if the semi-static event is triggered after one or multiple dynamic events, or overlaps with a dynamic event.

Conclusion
In this contribution, we share our views on PUSCH coverage enhancement on joint channel estimation. The proposals are summarized as follows:
Proposal 1: Confirm that Interpretation 1 on the definition of  for DG-PUSCH is the correct understanding.
Proposal 2: Adopt the following text proposal for the definition of  in TS 38.213.
	7.1.1	UE behavior
<< unchanged text is omitted >>
-	If a PUSCH transmission in PUSCH transmission occasion i is scheduled by a DCI format, [image: ] is a number of symbols for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] after a last symbol of a corresponding PDCCH reception and before a first symbol of the PUSCH transmission 
-	If a PUSCH transmission in PUSCH transmission occasion i is configured by ConfiguredGrantConfig, [image: ] is a number of [image: ] symbols equal to the product of a number of symbols per slot, [image: ], and the minimum of the values provided by k2 in PUSCH-ConfigCommon for active UL BWP [image: ] of carrier [image: ] of serving cell [image: ]
<< unchanged text is omitted >>



Proposal 3: For group common TPC commands with format 2_2 for CG-PUSCH, if UE is configured to accumulate TPC commands,
· For a transmission occasion  occurs within a nominal time domain window, , where transmission occasion  is a first transmission occasion within the nominal time domain window.
· For the first transmission occasion  occuring after the nominal time domain window, , where  is all the TPC command values that would take effect from  symbols before the transmission occasions  to  symbols before the transmission occasion .
Proposal 4: If there is no consensus on how to modify the mechanism of TPC adjustment in case of DMRS bundling, the fallback option is to treat the action of group common TPC command with format 2_2 for CG-PUSCH repetitions as a dynamic event.
Proposal 5: Adopt the following text proposal for events caused by downlink-related behaviors.
	6.1.7    UE procedure for determining time domain windows for bundling DM-RS
<< unchanged text is omitted >>
Events which cause power consistency and phase continuity not to be maintained across PUSCH transmissions of PUSCH repetition type A scheduled by DCI format 0_1 or 0_2, or PUSCH repetition Type A with a configured grant, or PUSCH repetition type B or TB processing over multiple slots,or PUCCH transmissions of PUCCH repetition, within the nominal TDW, are:
-    A downlink slot or downlink reception or downlink monitoring based on tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated for unpaired spectrum.
-    A downlink reception or downlink monitoring for reduced capability half-duplex UE for paired spectrum.
<< unchanged text is omitted >>



Proposal 6: A new actual TDW is created after a semi-static event if the semi-static event is triggered after one or multiple dynamic events, or overlaps with a dynamic event.

Reference
1. [bookmark: _Ref64636111][bookmark: _Ref70493734][bookmark: _Ref411195401][bookmark: _GoBack]Chairman's Notes RAN1#107bis-e, 3GPP TSG RAN WG1 Meeting #107bis-e, e-Meeting, January 17th – 25th, 2022.
1. R1-2200790, “FL Summary#3 of joint channel estimation for PUSCH”, moderator (China Telecom), RAN1#107bis-e.
1. [bookmark: _Ref95480989]Chairman's Notes RAN1#107-e, 3GPP TSG RAN WG1 Meeting #107-e, e-Meeting, November 11th – 19th, 2021.
1. [bookmark: _Ref92306595]TS 38.214, Physical layer procedures for data, v17.0.0.
image1.emf
PUSCH

1

PUSCH

2

PUSCH

3

PUSCH

4

PDCCH

1

δ

1

PDCCH

2

δ

2

PDCCH

B

δ

B

K

PUSCH

(1) K

PUSCH

(2)

K

PUSCH

(3)

K

PUSCH

(4)

f

1

f

2

f

3

f

4

PDCCH

C

δ

C

PDCCH

A

δ

A

Nominal TDW Nominal TDW

...

T


oleObject1.bin
PUSCH1


PUSCH2


PUSCH3


PUSCH4


PDCCH1


δ1


Nominal TDW


PDCCH2


δ2


KPUSCH(1)


PDCCHB


δB


KPUSCH(2)


KPUSCH(3)


KPUSCH(4)


f2


f1


f3


f4


PDCCHC


δC


Nominal TDW


...


T


PDCCHA


δA



image2.wmf
c

f

b

,

,

PUSCH,

d


image3.emf
PUSCH

1

PUSCH

2

PUSCH

3

PUSCH

4

PDCCH

1

δ

1

PDCCH

A

δ

A

PDCCH

B

δ

B

K

PUSCH

(1) K

PUSCH

(2) K

PUSCH

(3) K

PUSCH

(4)

f

1

f

2

f

3

f

4

T(2) T(3) T(4)

Nominal TDW

Nominal TDW

...

δ

2

PDCCH

2


oleObject2.bin
PUSCH1


PUSCH2


PUSCH3


PUSCH4


PDCCH1


δ1


Nominal TDW


PDCCHA


δA


KPUSCH(1)


PDCCHB


δB


KPUSCH(2)


KPUSCH(3)


KPUSCH(4)


f2


f1


f3


f4


T(2)


T(3)


T(4)


Nominal TDW


...


δ2


PDCCH2



image4.wmf
)

(

PUSCH

i

K


image5.wmf
b


image6.wmf
f


image7.wmf
c


image8.wmf
)

(

PUSCH

i

K


image9.wmf
min

PUSCH,

K


image10.wmf
slot

symb

N


image11.emf
PUSCH

1

PUSCH

2

PUSCH

3

PUSCH

4

PDCCH

1

δ

1

PDCCH

A

δ

A

PDCCH

B

δ

B

K

PUSCH

(1) K

PUSCH

(2) K

PUSCH

(3) K

PUSCH

(4)

f

1

f

2

f

3

f

4

T(2) T(4)

Nominal TDW

Nominal TDW

...


oleObject3.bin
PUSCH1


PUSCH2


PUSCH3


PUSCH4


PDCCH1


δ1


Nominal TDW


PDCCHA


δA


KPUSCH(1)


PDCCHB


δB


KPUSCH(2)


KPUSCH(3)


KPUSCH(4)


f2


f1


f3


f4


T(2)


T(4)


Nominal TDW


...



image12.emf
PUSCH

1

PUSCH

2

PUSCH

3

PUSCH

4

PDCCH

1

δ

1

PDCCH

A

δ

A

PDCCH

B

δ

B

K

PUSCH

(1) K

PUSCH

(2) K

PUSCH

(3) K

PUSCH

(4)

f

1

f

2

f

3

f

4

T(2) T(4)

Nominal TDW

Nominal TDW

...


oleObject4.bin
PUSCH1


PUSCH2


PUSCH3


PUSCH4


PDCCH1


δ1


Nominal TDW


PDCCHA


δA


KPUSCH(1)


PDCCHB


δB


KPUSCH(2)


KPUSCH(3)


KPUSCH(4)


f2


f1


f3


f4


T(2)


T(4)


Nominal TDW


...



