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1      Introduction
In RAN #90 e-meeting, a new Rel-17 work item on NR coverage enhancements was approved [1] and revised in [2]. The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. The objectives include mechanism(s) to enable joint channel estimation.

· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]

· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]

· Potential optimization of DMRS location/granularity in time domain is not precluded

· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
In this contribution, we discuss the remaining issues on joint channel estimation for PUSCH.
2      Discussion
2.1     Use cases
At RAN1#104-e, following agreements have been achieved:

Agreements:
· Following potential use cases are considered for joint channel estimation for PUSCH:

· Use case 1: back-to-back PUSCH transmissions within one slot.

· Use case 2: non-back-to-back PUSCH transmissions within one slot.

· Use case 3: back-to-back PUSCH transmissions across consecutive slots.

· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots.

· Use case 5: PUSCH transmissions across non-consecutive slots.

Note: RAN1 assumes “back-to-back PUSCH transmission” has zero gap in-between adjacent PUSCH transmissions.

In the past RAN1 meetings, it was discussed whether joint channel estimation can be applied to the above uses cases. Based on the discussion and agreements so far, the situation is summarized in the following table
Table 1 Potential use cases for joint channel estimation for PUSCH
	Use cases
	Repetition type A for the same TB
	Repetition type B for the same TB
	Transmissions with different TBs
	TBoMS

	1: B2B transmission within one slot
	/
	Support
	NOT support
	/

	2: Non-B2B transmission within one slot
	/
	NOT support
	NOT support
	/

	3: B2B transmissions across consecutive slots
	Support
	Support
	No further discussion
	Support

	4: Non-B2B transmissions across consecutive slots
	Support 

(no UL transmission between the two successive PUSCH transmissions)
	Support
(no UL transmission between the two successive PUSCH transmissions)
	No further discussion
	Support
(no UL transmission between the two successive PUSCH transmissions)

	
	To be determined

(other UL transmission in between two successive PUSCH transmissions)
	To be determined

(other UL transmission in between two successive PUSCH transmissions)
	
	To be determined

(other UL transmission in between two successive PUSCH transmissions)

	5: Transmissions across non-consecutive slots
	NOT support
	NOT support
	NOT support
	NOT support


The only remaining use case is use case 4b “other uplink transmissions in the middle of two PUSCH transmissions”. There are two sub-cases:
· Sub-case 1: other UL transmission in between two successive PUSCH transmissions has the same setting with PUSCH.
· Sub-case 2: other UL transmission in between two successive PUSCH transmissions has different settings than PUSCH.

For sub-case 2, it is straight forward that DM-RS bundling cannot be supported since UE cannot maintain power consistency and phase continuity. It can be regarded as an event to create a new actual TDW. For sub-case 1, according to reply from RAN4, there is possibility that power consistency and phase continuity can be maintained as long as other uplink transmission in the middle of two PUSCH transmissions has exactly the same setting with PUSCH, e.g. FDRA, power, TMPI. There are some useful use cases for sub-case 1, e.g., SRS or PUCCH transmission between PUSCH transmissions. Although it is a large restriction to have the same setting with PUSCH transmission, it’s up to gNB scheduling. It seems not necessarily to preclude the useful cases as long as the condition of power consistency and phase continuity can be met.
Proposal 1: 
· It is regarded as an event if other UL transmission in between two successive PUSCH transmissions has different settings with PUSCH transmissions.
· DM-RS bundling for non-back-to-back PUSCH transmissions across consecutive slots with other uplink transmission in the middle of two PUSCH transmissions, where other transmission has the same setting as PUSCH transmissions, can be supported.
2.2     Time domain window
In RAN1 #105-e, the following working assumption for the time domain window was achieved.
	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.

· FFS: The maximum value of L
· FFS: Solutions to error propagation issue if 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.


During past RAN1 meetings, it has been extensively discussed whether the maximum value of the window length L of the configured TDW(s) can be longer than the maximum duration during which UE is able to maintain power consistency and phase continuity. In RAN1 #106b-e, it was further discussed whether default value of L should be defined. The following agreements has been made.
Agreement:

Down-select one of the following options in this meeting:

Option 1: 

· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.

Option 1’: 

· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.

· If L is not configured, default behavior should be defined, e.g., the configured TDW length is equal to all repetitions

Option 3’: 

· Whether the window length L of the configured TDW can be longer than maximum duration is subject to UE capability.

· If UE is capable of L being longer than maximum duration,

· The maximum value of the window length L of the configured TDW is the duration of all repetitions.

· FFS: whether L cannot be other values other than the duration of all repetitions, if it is longer than the maximum duration.

· If L is longer than the maximum duration, UE does not expect dynamic events.

· FFS: details of dynamic events

It was further discussed on above options via email and it seems companies tend to converge on option 1’, but it is still controversial whether the L can be longer than maximum duration. As discussed in past RAN1 meetings, if an event occurs and successfully detected by UE, L longer than the maximum duration can outperform L no longer than the maximum duration. Error propagation was mentioned if L is longer than the maximum duration. However, error propagation only happens when UE misses the event or UE autonomously loses the power consistency and phase continuity while gNB is not aware of it. For the former case, the probability of mis-detection is relatively low, e.g., 1% for PDCCH detection. In addition, gNB can avoid such events by scheduling. For the latter case, in our understanding, as long as UE reports the maximum duration, the autonomous loss of the power consistency and phase continuity by UE should not be allowed during the TDW. Therefore, it is beneficial gNB has the flexibility to configure L longer than the maximum duration.
Proposal 2: 

· The maximum value of window length L of the configured TDW should not exceed the maximum duration.

· If L is not configured, the window length L of the configured TDW(s) equals to the duration of all repetitions, i.e., from the first repetition to the last repetition.

In RAN1 #106-e, it was agreed that 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. In RAN1 #106b-e, the following agreement was achieved.
Agreement
Down-select one of the following options:
· Option 1: If DM-RS bundling is supported, UE is mandatory to support restarting DM-RS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.

· Option 2: UE capability of restarting DMRS bundling is applied to both semi-static events and dynamic events.
In our understanding, the motivation of introducing UE capability of supporting restarting DMRS bundling is that UE may need to know the start of each actual TDW ahead of time. This issue is only relevant to dynamic events, since UE can know semi-static events beforehand, e.g., semi-static DL/UL configuration, semi-statically configured transmissions. Therefore, option 1 should be supported.
Proposal 3:

· If DM-RS bundling is supported, UE is mandatory to support restarting DM-RS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
As we have agreed the unit of configured TDWs is slot while the unit of actual TDWs is symbol, the mechanism of the configured TDWs and actual TDWs can be reused for PUSCH repetition Type B and no additional specification enhancements are needed.
Proposal 4:

· For joint channel estimation for PUSCH repetition type B, no additional specification enhancements are needed.
2.3     Inter-slot frequency hopping with inter-slot bundling

In Rel-15/16, for inter-slot frequency hopping, frequency position is changed for each hop in every slot so that joint channel estimation over multiple PUSCH/PUCCH across slots is not possible. Inter-slot frequency hopping with inter-slot bundling can enable joint channel estimation over multiple PUSCH/PUCCH across slots. The bundle size or time domain hopping interval should be determined. In RAN1#104b-e, following two options were discussed.

· Option 1: The bundle size (time domain hopping interval) equals to the time domain window size.

· Option 2: The bundle size (time domain hopping interval) can be different from the time domain window size.

In RAN1 #106b-e, it was further discussed and the following agreement was made.

Agreement: 

For the interaction between inter-slot frequency hopping and DMRS bundling for PUCCH/PUSCH repetitions, a UE perform the “hopping intervals determination”, “configured TDW determination”, and “actual TDW determination” in a sequential ordering. One option of the following options is to be selected.   

· Option 1: “hopping intervals determination” -> “configured TDW determination” -> “actual TDW determination”

· Option 2: “configured TDW determination” -> “hopping intervals determination” -> “actual TDW determination”

· Option 4: “configured TDW determination” -> “actual TDW determination” and “hopping intervals determination”

Note: option 1 and 2 assume a hopping interval can be different than an actual TDW. Option 4 assumes a hopping interval is the same as an actual TDW. 

For option 1, the hopping interval can be separately configured and can be different from the window length of the configured TDWs and the actual TDWs. Then gNB has the flexibility to configure the appropriate hopping interval taking into account both gain of frequency hopping and gain of joint channel estimation. In this option, inter-slot frequency hopping with inter-slot bundling can be deemed as one kind of events that violates the power consistency and phase continuity. The hopping interval can be configured smaller than the window length of the configured TDWs as illustrated in Fig.1. But whether the hopping interval can be configured larger than the window length of the configured TDWs as illustrated in Fig.2 needs further study.
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Fig.1 Illustration of the configured hopping interval smaller than the window length of the configured TDWs
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Fig.2 Illustration of the configured hopping interval larger than the window length of the configured TDWs
For option 2, the hopping intervals can be implicitly determined based on the configured TDWs, illustrated in Fig.3. Since the window length of the configured TDWs is explicitly configured, gNB and UE have the same understanding where frequency hopping takes place.

[image: image3.emf]U U U U U U U U

16 PUSCH repetitions

Configured TDW

Time domain

Frequency 

domain

1sthop

2nd hop

Actual TDW

Configured TDW

Actual TDW

U U U U U U U U

Event

Event

Event

Configured TDW Configured TDW

Actual TDW

Actual 

TDW

Actual TDW

1st hop

2nd hop

1st

hop


Fig.3 Illustration of the hopping interval equal to the window length of the configured TDWs
For option 4, the hopping intervals can be implicitly determined based on the actual TDWs, illustrated in Fig.4. If events occur and UE misses the events, there can be mis-alignments between gNB and UE. However, as discussed above, the probability of mis-detection is relatively low and gNB can avoid such events by scheduling.
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Fig.4 Illustration of the hopping intervals equal to the window length of the actual TDWs
As discussed above, for option 1, gNB has the flexibility to configure the appropriate hopping interval taking into account both gain of frequency hopping and gain of joint channel estimation. Thus, we have following proposal.
Proposal 5:
· For inter-slot frequency hopping with inter-slot bundling, the hopping interval is separately configured and can be different from the window length of the configured TDWs and the actual TDWs.
· The hopping interval can be configured smaller than the window length of the configured TDWs. Whether the hopping interval can be configured larger than the window length of the configured TDWs needs further study.
2.4     TPC commands

In RAN1 #106-e, the following agreement was achieved.
Agreement 

Make down-selection between the following two alternatives:

· Alt 1: UE is not expected to receive TPC commands during the current time domain window.

· Alt 2: UE receives and accumulates TPC commands without taking effect during the current time domain window.

In RAN1 106-e, it was further discussed on the two alternatives below.
· Alt 1: UE is not expected to receive TPC commands that would take into effect after the start of a time domain window.
· FFS: Such TPC commands constitute events for TDW determination

· Alt 2: If UE receives TPC commands that would take into effect after the start of a time domain window, UE accumulates TPC commands without taking effect during the current time domain window.

In RAN1 #106b-e, after further discussion, it is common understanding that reception of DCI indicating TPC commands constitutes an event that violates power consistency and phase continuity for unpaired spectrum. The majority support the action of TPC commands does not constitute an event that violates power consistency and phase continuity and support Alt 2. As 2-step TDW determination has been agreed, it is necessary to clarify whether the TDW in the above alternatives is the actual TDW or the configured TDW. It was further discussed about absolute TPC commands, as UE can be configured either accumulate TPC commands or absolute TPC commands according to current specifications. For accumulate commands, the following options are discussed.
· Option 1: If UE receives TPC commands that would take into effect during an actual TDW, UE accumulates TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.

· Option 2: 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.

In our understanding, if the window length of configured TDWs is long, UE has to wait for a long time to adjust the power which may have impact on the performance. In addition, as discussed in section 2.2, it is beneficial to support the window length of configured TDWs longer than the maximum duration. In this sense, option 1 should be supported.
Proposal 6:

· If UE receives TPC commands that would take into effect during an actual TDW, UE accumulates TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.
2.5     TA adjustment
In RAN1 #106-e, the following agreement was achieved.

Agreement

· UE should not perform TA adjustment during the time domain window.

· FFS: UE does not expect to receive TA command to indicate TA adjustment during the TDW.

· FFS: UE ignores any TA command which indicates TA adjustment during the TDW.

· FFS: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.

In RAN1 #106b-e, after further discussion, it is common understanding that reception of TA commands constitutes an event that violates power consistency and phase continuity only for unpaired spectrum. The majority support the action of TA commands does not constitute an event that violates power consistency and phase continuity. Similar with TPC commands, it is necessary to clarify whether the TDW in the above agreement is the actual TDW or the configured TDW. The following options are discussed.
· Option 1: UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.

· Option 2: UE performs TA adjustment after the configured TDW if it receives any TA command indicating TA adjustment during the configured TDW.

Similar with TPC commands, if the window length of configured TDWs is long, UE has to wait for a long time to adjust the power which may have impact on the performance. In addition, postponing TA commands may cause inter-UE interference. Therefore, option 1 should be supported.
Proposal 7:

· UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
3      Conclusions
In this contribution, we discussed the remaining issues on joint channel estimation for PUSCH and have following proposals:
Proposal 1: 

· It is regarded as an event if other UL transmission in between two successive PUSCH transmissions has different settings with PUSCH transmissions.
· DM-RS bundling for non-back-to-back PUSCH transmissions across consecutive slots with other uplink transmission in the middle of two PUSCH transmissions, where other transmission has the same setting as PUSCH transmissions, can be supported.
Proposal 2: 

· The maximum value of window length L of the configured TDW should not exceed the maximum duration.

· If L is not configured, the window length L of the configured TDW(s) equals to the duration of all repetitions, i.e., from the first repetition to the last repetition.

Proposal 3:

· If DM-RS bundling is supported, UE is mandatory to support restarting DM-RS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
Proposal 4:

· For joint channel estimation for PUSCH repetition type B, no additional specification enhancements are needed.
Proposal 5:
· For inter-slot frequency hopping with inter-slot bundling, the hopping interval is separately configured and can be different from the window length of the configured TDWs and the actual TDWs.
· The hopping interval can be configured smaller than the window length of the configured TDWs. Whether the hopping interval can be configured larger than the window length of the configured TDWs needs further study.
Proposal 6:

· If UE receives TPC commands that would take into effect during an actual TDW, UE accumulates TPC commands without taking effect during the current actual TDW. TPC commands take effect after the current actual TDW.
Proposal 7:

· UE performs TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the actual TDW.
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