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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#106bis-e [1], several issues for joint channel estimation for PUSCH were discussed, and following agreements were made:
	Agreement
It is agreed that
· For PUSCH repetition type A counting based on physical slots
· The start of the first configured TDW is the first physical slot for the first PUSCH transmission.
· The end of the last configured TDW is the last physical slot for the last PUSCH transmission.
· For PUSCH repetition type A counting based on available slots
· The start of the first configured TDW is the first available slot for the first PUSCH transmission.
· The end of the last configured TDW is the last available slot for the last PUSCH transmission. 
· Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.
Conclusion
· Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.
Agreement
· For DG-PUSCH, Type1 CG-PUSCH and Type2 CG-PUSCH, the window length  of the configured TDW is at least configured by RRC.
· FFS: For DG-PUSCH and Type2 CG-PUSCH, whether the window length  of the configured TDW can be indicated by DCI or indicated by TDRA table with one additional entry.
Agreement
· The window length  of the RRC configured TDW is configured separately for PUSCH and PUCCH.
· For PUSCH,  is configured per BWP.
FFS whether the window length  can be configured with each row in the TDRA table
Agreement
· For PUSCH repetition type A counting based on physical slots
· The configured TDWs are consecutive, where the start of other configured TDWs is the first physical slot right after the last physical slot of a previous configured TDW.
· For PUSCH repetition type A counting based on available slots
· The configured TDWs are determined based on available slots, where start of a configured TDWs is the first available slot after the last available slot of a previous configured TDW.
· Note: The determination of available slots for PUSCH repetition Type A is defined in AI 8.8.1.1.
Working Assumption
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first symbol (at least determined by TDRA table) for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last symbol (at least determined by TDRA table) for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· the last symbol (at least determined by TDRA table) of the PUSCH transmission right before the event if an event occurs that violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
· For UE capable of restarting DM-RS bundling, the start of the new actual TDW is the first symbol (at least determined by TDRA table) for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
Agreement
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
· if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A
Note: No need to confirm the Working assumption
Working assumption
· For back-to-back PUSCH transmissions across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
Agreement
· For non-back-to-back PUSCH transmissions across consecutive slots (no uplink transmission in the middle of two PUSCH transmissions), support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following case:
· Over non-back-to-back PUSCH transmissions for one TB processed over multiple slots
· It’s subject to UE capability
· if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A
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.
Agreement
Support at least the following events that violate power consistency and phase continuity.
· Dropping/cancellation based on Rel-15/16 collision rules.
· FFS: Rel-17 collision rules.
· DL slot or DL reception/monitoring based on semi-static DL/UL configuration for unpaired spectrum.
· FFS: Other UL transmission in between PUSCH/PUCCH transmissions.
· Gap between two PUSCH/PUCCH transmissions exceeds 13 symbols.
· FFS: Transmission parameters need to be changed due to network-indicated operations, including: Tx power, UL beam/TPMI, and RB allocation.
· FFS: TPC command.
· FFS: TA adjustment.
· FFS: The actual TDW reaches the maximum duration.
· FFS: Frequency hopping.
· FFS: Precoder cycling.
· FFS: other events.
· FFS: whether events are semi-static events or dynamic events.
· FFS: the time duration of an event.
Agreement
Down-select one of the following options in this meeting:
Option 1:
· The maximum value of window length  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  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  of the configured TDW can be longer than maximum duration is subject to UE capability.
· If UE is capable of  being longer than maximum duration,
· The maximum value of the window length  of the configured TDW is the duration of all repetitions.
· FFS: whether  cannot be other values other than the duration of all repetitions, if it is longer than the maximum duration.
· If  is longer than the maximum duration, UE does not expect dynamic events.
· FFS: details of dynamic events.


According to these agreements, this contribution continues to discuss the issues about time domain window (TDW) determination and transmit power control (TPC) command.

2. Discussion on joint channel estimation for PUSCH coverage enhancement
2.1 TDW Determination
In RAN1#106bis-e [1], the TDWs for joint channel estimation are determined by two steps. The first one determines the configured TDWs in terms of a window length  and the second one determines the actual TDWs from the configured TDWs during which the power consistency and phase continuity should be maintained. In this section, these two steps are discussed.
2.1.1 Configured TDW Determination
In RAN1#106bis-e [1], the determination of the start and end of configured TDWs has been agreed, but the window length  of configured TDWs need to be further discussed.
· Maximum value of window length 
Based on the agreements in RAN1#106bis-e [1], there are three options to be down-selected to determine the maximum value of window length  as follows:
	Agreement
Down-select one of the following options in this meeting:
Option 1:
· The maximum value of window length  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  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  of the configured TDW can be longer than maximum duration is subject to UE capability.
· If UE is capable of  being longer than maximum duration,
· The maximum value of the window length  of the configured TDW is the duration of all repetitions.
· FFS: whether  cannot be other values other than the duration of all repetitions, if it is longer than the maximum duration.
· If  is longer than the maximum duration, UE does not expect dynamic events.
FFS: details of dynamic events.


To avoid the error propagation issue caused by the missed dynamic events violating the power consistency and phase continuity by UE during the determination of actual TDWs, the window length  should not exceed the maximum duration. Therefore, option 3’ should be precluded.
And compared with option 1, option 1’ is preferred because it provides a default value of window length  if  is not configured, which is necessary given that the window length  and joint channel estimation enabling/disabling are configured separately. Once the joint channel estimation is enabled but the window length  is not configured, the default value can be used.
The most reasonable default value of window length  is the maximum duration, since the maximum duration provides the best potential performance for joint channel estimation meanwhile avoiding the error propagation issue.
As discussed above, we can obtain the following proposal.
Proposal 1: The maximum value of window length  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 the window length  is not configured, its default value should be the maximum duration.

· Window length  indication
In RAN1#106bis-e [1], the window length  is configured by RRC at least. Whether the window length  should be configured with each row in the TDRA table should be further discussed.
In [2], the main motivation to configure the window length  with each row in the TDRA table supported by some companies is to achieve appropriate configured TDWs under different repetition number. For example, if the window length  is 7 slots as configured by RRC but the repetition number is 8 slots, only one repetition is included in the last configured TDW, as shown in Fig. 1(a). If the window length  can be configured combined with the repetition number in TDRA table, it provides a flexible way to determine the configured TDWs appropriately under different repetition number. For example, if a combination of window length  of 4 slots and the repetition number of 8 slots is configured by TDRA, both two configured TDWs consisting of 4 repetitions can be achieved, as shown in Fig. 1(b).
However, the configured TDWs will be further divided based on the events to achieve the actual TDWs, regardless of unpaired spectrum and paired spectrum. In this case, the so-called “appropriate configured TDWs” is less important, because the appropriation of “appropriate configured TDW” is always going to be undermined during the determination of actual TDWs. Therefore, the window length  configured with each row in the TDRA table is not supported.
Proposal 2: For joint channel estimation, the window length  which is configured with each row in the TDRA table is not supported.
[image: ]
(a) Window length  slots, repetition number is 8 slots;
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(b) Window length  slots, repetition number is 8 slots;
Fig. 1 Interaction between window length  and repetition number.

2.1.2 Actual TDW Determination
Three issues in the determination of actual TDWs are discussed here, including the determination of the start and end of actual TDWs, the UE capability of restarting DMRS bundling, and the events violating the power consistency and phase continuity.
· Determination of the start and end of actual TDWs
In RAN1#106bis-e [1], the WA is given as below.
	Working Assumption
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first symbol (at least determined by TDRA table) for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last symbol (at least determined by TDRA table) for the last PUSCH transmission in an available slot within the configured TDW if the actual TDW reaches the end of the last PUSCH transmission within the configured TDW.
· the last symbol (at least determined by TDRA table) of the PUSCH transmission right before the event if an event occurs that violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
· For UE capable of restarting DM-RS bundling, the start of the new actual TDW is the first symbol (at least determined by TDRA table) for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.


Undoubtedly, this working assumption is clear enough to determine the actual TDWs that are applicable to the PUSCH repetition type A, PUSCH repetition type B, and TBoMS PUSCH at the same time. Therefore, it should be confirmed.
Proposal 3: Confirm the Working assumption on actual TDWs determination for joint channel estimation.

· Events violating the power consistency and phase continuity
Besides the events violating the power consistency and phase continuity supported in RAN1#106bis-e [1], the following events should also be supported to determine the actual TDWs at least:
· Other UL transmission in between PUSCH/PUCCH transmissions
The conditions to maintain the phase continuity provided by RAN4 for the case of other UL signals/channel in the gap between repetitions with same setting are listed as follows [3]:
· Signals/channels with repetitions and other UL signals/channels in the gap have the same:
· PAPR and average power, e.g., PUSCH/PUCCH part of repetitions and SRS has same PAPR and average power;
· Allocated number and locations of PRBs transmitted;
· Antenna port settings.
In our understanding, these conditions are too strict to be maintained from an implementation perspective. Therefore, it is better to take it as an event. An example is shown in Fig. 2, where DL/UL configuration is DSUUU, a PUCCH with higher priority is scheduled to transmit in the 4th slot and an SRS is scheduled to transmit in the 15th slot. These UL transmissions are precluded from the corresponding actual TDW.

[image: ]
Fig. 2 Actual TDWs determination based on other UL transmission in between PUSCH/PUCCH transmission.

· TA adjustment
In our understanding, a UE receives a TA command only if the network have confirmed the necessity for TA adjustment. If the UE does not expect to receive it, ignores it, or even postpones its implementation, then it can cause ICI to other UEs, which should be avoided from network perspective. Therefore, a reasonable method is taking TA command as an event. As shown in Fig. 3, the TA command is received at the 5th slot and takes effect at the 13th slot. Therefore, this slot is precluded from the corresponding actual TDW.

[image: ]
Fig. 3 Actual TDWs determination based on TA adjustment.

On the other hand, the following events should be precluded to determine the actual TDWs at least:
· The actual TDW reaches the maximum duration
In fact, whether it could be an event or not would depend on whether window length  of configured TDW could be larger than the maximum duration or not. Based on our views that the window length  should not be large than the maximum duration to avoid the error propagation issue, the actual TDW cannot exceed the maximum duration. Therefore, this event should be precluded to determine the actual TDWs.
· Frequency hopping
In fact, whether frequency hopping could be an event or not would depend on the discussion on the interaction between inter-slot frequency hopping and DMRS bundling in AI 8.8.2. As discussed in our companion contribution [4], the frequency is better to be hopped across the configured TDWs, and the actual TDWs are then determined within each configured TDW, i.e., within each frequency hopping, as shown in Fig. 4. So the frequency hopping should not be an event to determine the actual TDWs.

[image: ]
Fig. 4 Interaction between the determinations of frequency hopping interval and configured TDWs.

· TPC command
Different from the TA adjustment, TPC adjustment is more frequent. If take TPC command as an event, it will result in an excessive TDW segmentation and reduce the performance of joint channel estimation. On the other hand, TPC adjustment has less stringent requirements on timeline. Even if the TPC adjustment is not timely, the interference to other UEs are negligible compared with TA adjustment. Therefore, it is better to preclude the TPC command as an event to determine the actual TDWs. And the further discussion of it is given in the next section.
As discussed above, the following proposals are obtained.
Proposal 4: For joint channel estimation, the following events should be supported to determine the actual TDWs at least.
· Other UL transmission in between PUSCH/PUCCH transmissions;
· TA adjustment.
Proposal 5: For joint channel estimation, the following events should be precluded to determine the actual TDWs at least.
· The actual TDW reaches the maximum duration;
· Frequency hopping;
· TPC command.

· UE capability of restarting DMRS bundling
Based on the agreement in RAN1#106bis-e [1], there are two options for UE capability of restarting DMRS bundling to be down-selected as follows:
	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.


The reason why take restarting DMRS bundling after the events as a UE capability is because the time for UE to determine the actual TDWs cannot be always satisfied, especially for dynamic events which have a high requirement on UE capability. Conversely, the semi-static events could be determined before the determination of configured TDWs. It has thus a low requirement on UE capability and the time could be satisfied easily. To achieve a better performance of joint channel estimation, the DMRS bundling is better to be resumed as much as possible after the events. Therefore, the DMRS bundling should be resumed due to semi-static events while the capability of restarting DMRS bundling is applied only to dynamic events.
Proposal 6: If DMRS bundling is supported, UE is mandatory to support restarting DMRS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
3.1 TPC Command
For the issue related to TPC commands, we have made some progress in RAN1-106bis-e. If the UE is configured to accumulate TPC commands, the stable proposal is as follows.
	Proposal 10-a:
· The action of TPC commands does not constitute an event that violates power consistency and phase continuity.
· If UE is configured to accumulate TPC commands, down select one of the following options.
· 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.


Actually, it is reasonable that UE accumulates TPC commands without taking effect during the current actual TDW.
Firstly, according to the preliminary determining rule for TDW, actual TDW is the duration in which the gNB expects the UE to maintain power consistency and phase continuity, instead of configured TDW. A transmission occasion for PUSCH or another actual TDW after an actual TDW is a good opportunity to adjust the transmit power. There is no reason why the TPC commands should not be applied until the end of configured TDW.
Secondly, accumulating and applying TPC commands per actual TDW has better performance. Generally, the gNB sends proper TPC commands to a UE only when the UE needs the transmission power adjustment. Although the application of TPC commands have to be delayed due to the limitations of joint channel estimation requirements, applying TPC commands as promptly as possible is definitely better for performance. If accumulating and applying TPC commands per configured TDW, an excessively long TDW can further degrade performance.
Thus, if the UE configured to accumulate TPC commands, we prefer to take Option 1 as the solution.
Proposal 7: If the UE is configured to accumulate TPC commands, the following action should be supported.
· 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.

For the UE is not configured to accumulate TPC commands, the following alternatives were provided in RAN1-106bis-e.
	Proposal 10-b:
· If UE is not configured to accumulate TPC commands, down select one of the following alternatives.
· Alt 1: 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. 
· Alt 2: no more than 1 TPC command is expected to take effect during a configured TDW.
· Alt 3: the last TPC command that would take effect within an actual TDW supersedes all previous TPC commands that take effect within that actual TDW and only the last TPC command is applied by the UE. 
· Alt 4: no more than 1 TPC command is expected to take effect during an actual TDW.


Considering similar reasons to the case that the UE is configured to accumulate TPC commands, we prefer to discuss the alternatives that apply to the actual TDW, i.e. Alt 3 and Alt 4. What’s more, Alt 3 is more natural and does not impose any restrictions than Alt 4, which restricts the scheduling of the gNB. From the point of view of adopting a unified design for similar problems, Alt 3 is a better solution. 
Similarly, to ensure that the power consistency and phase continuity of actual TDW are not violated, Alt 3 needs to be modified to constrain that the last TPC command takes effect after the current actual TDW.
Proposal 8: If the UE is not configured to accumulate TPC commands, the following action should be supported.
· Alt 3: the last TPC command that would take effect within an actual TDW supersedes all previous TPC commands that take effect within that actual TDW and only the last TPC command is applied by the UE. The last TPC command takes effect after the current actual TDW.

3. Conclusions
In this contribution, we provide our views on possible RAN1 specification impact on joint channel estimation with following proposals:
Proposal 1: The maximum value of window length  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 the window length  is not configured, its default value should be the maximum duration.
Proposal 2: For joint channel estimation, the window length  which is configured with each row in the TDRA table is not supported.
Proposal 3: Confirm the Working assumption on actual TDWs determination for joint channel estimation.
Proposal 4: For joint channel estimation, the following events should be supported to determine the actual TDWs at least.
· Other UL transmission in between PUSCH/PUCCH transmissions;
· TA adjustment.
Proposal 5: For joint channel estimation, the following events should be precluded to determine the actual TDWs at least.
· The actual TDW reaches the maximum duration;
· Frequency hopping;
· TPC command.
Proposal 6: If DMRS bundling is supported, UE is mandatory to support restarting DMRS bundling due to semi-static events. UE capability of restarting DMRS bundling is applied only to dynamic events.
Proposal 7: If the UE is configured to accumulate TPC commands, the following action should be supported.
· 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.
Proposal 8: If the UE is not configured to accumulate TPC commands, the following action should be supported.
· Alt 3: the last TPC command that would take effect within an actual TDW supersedes all previous TPC commands that take effect within that actual TDW and only the last TPC command is applied by the UE. The last TPC command takes effect after the current actual TDW.
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