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Introduction
This tdoc discusses design considerations for the following coverage enhancement objectives in the WID [2]:
· 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]

The following Agreements have been made:
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 at least for the following case:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant
· FFS details (including possible other cases)

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 TB processing one TB processed over multiple slots
· It’s subject to UE capability

For joint channel estimation, specify a time domain window during which a UE is expected to maintain power consistency and phase continuity among PUSCH transmissions subject to power consistency and phase continuity requirements.

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 cases:
Over back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
FFS: additional specification enhancements on top of that defined to support repetition Type A
Only for single layer transmissions
Subject to UE capability
FFS: Over back-to-back PUSCH transmissions with different TBs


Joint channel estimation over non-back-to-back PUSCH transmissions within one slot is not supported.

Definition of the maximum duration: a maximum time duration during which UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements. 
· FFS whether or not such a definition is necessary for RAN1 specifications.
· Note: whether such a definition is to be specified in RAN4 specifications is up to RAN4.
· FFS the maximum duration may be reported by UE.
· Note: it is understood that for a UE, the maximum duration is no less than the time domain window duration

Send LS to RAN4 asking the following questions
· For joint channel estimation, is there a maximum duration during which UE is able to maintain power consistency and phase continuity under certain tolerance level? If any, how long is it?
· What factors determine the maximum duration?
· Whether the maximum duration should be the same for different cases for both PUSCH and PUCCH?
· Whether the maximum duration is dependent on the modulation order of transmission, e.g., QPSK, 16QAM, 64QAM? 
· Whether the maximum duration is dependent on UL waveform (DFT-s-OFDM vs. OFDM)?
· Whether the maximum duration is band specific?
· Besides the factors listed above, whether or not the maximum duration is further dependent on UE capabilities (e.g., multiple possible values for a given set of factor(s)), and if so, whether the UE should report such a duration

· For back-to-back PUSCH transmissions within one slot, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A with consecutive slots 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
Joint channel estimation over back-to-back PUSCH transmissions with different TBs within one slot is not supported.

· Joint channel estimation for PUSCH transmissions is enabled or disabled via RRC configuration for a UE
· FFS: whether additional dynamic signaling is needed to enable/disable joint channel estimation for PUSCH transmissions
· Note: the enabling of such a feature is subject to certain prerequisites
· FFS RRC parameter details (including explicit vs. implicit configuration)
· FFS For joint channel estimation for PUSCH, the time domain window is not explicitly enabled or disabled separately from joint channel estimation.
Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.

Confirm the following working assumption
Working assumption:
· For non-back-to-back PUSCH transmissions (at least for the case of the same TB) across consecutive slots, support necessary design aspects (under the condition of power consistency and phase continuity) to enable joint channel estimation for the following cases:
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type A scheduled by dynamic grant or configured grant.
· Over non-back-to-back PUSCH transmissions (of the same TB) for repetition type B scheduled by dynamic grant or configured grant, if it reuses only those joint channel estimation specification enhancements defined to support repetition Type A. 
· FFS: additional specification enhancements on top of that defined to support repetition Type A
· Only for single layer transmissions
· Subject to UE capability
· FFS: Over non-back-to-back PUSCH transmissions with different TBs
· FFS: Over non-back-to-back PUSCH transmissions for TBoMS 
· For the non-back-to-back PUSCH transmissions, it is defined as at least when there is no UL transmission between the two successive PUSCH transmissions
· Subject to UE capability with details FFS (e.g., separate vs. joint capability for type A & type B, w.r.t. OFF power requirements, etc.)
· FFS: Joint channel estimation over non-back-to-back PUSCH transmissions with other uplink transmissions between the two successive PUSCH transmissions across consecutive slot.

· Joint channel estimation for PUSCH transmissions and the time domain window are jointly enabled or disabled via RRC configuration for a UE.
· Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.
· 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.

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.
o    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.
o    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.
o    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.
o    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.
o    If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
o    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.



Use cases
The following potential use cases have been identified with only use case 5 as FFS:
Following potential use cases are considered for joint channel estimation for PUSCH:
· Use case 1: back-to-back PUSCH transmissions within one slot  - agreed supported
· Use case 2: non-back-to-back PUSCH transmissions within one slot – agreed not supported
· Use case 3: back-to-back PUSCH transmissions across consecutive slots. - agreed supported
· Use case 4: non-back-to-back PUSCH transmissions across consecutive slots. – working assumption supported
· Use case 5: PUSCH transmissions across non-consecutive slots - FFS

Use Case 5 Considerations:
RAN4 has made the following agreement as specified in the latest RAN4 LS [4]:
RAN4 has further agreed for the gap between PUSCH/PUCCH transmissions, that the 13-symbol is the maximum length for the gap for all SCS, and that the 14-symbol or 1ms will not be discussed in RAN4 anymore for un-scheduled gap in Rel-17.

Since most commercial TDD configurations have gaps (e.g. DL times) of  > 13 symbols (e.g. DDDSU), use case 5 will not be very common and thus will not be worth the specification efforts. 
Use case 5: PUSCH transmissions across non-consecutive slots, is not supported in Rel 17.
Time Domain Window (TDW)
The following WA was made last meeting:
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.
o    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.
o    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.
o    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.
o    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.
o    If UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW.
o    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.

The following figures illustrate Sierra’s understanding of the agreement:
For a UE that does not support restarting TDW:
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For a UE that supports restarting TDW:
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Handling of L > Max Duration
There is the following FFS in the above WA which needs to be resolved:
‐   FFS: Solutions to error propagation issue if  L is longer than the maximum duration is to be discussed further.

One possible way to handle this is for this case to be considered as an “event” which is indicated by this FFS:
FFS: The events may include e.g., …. , the actual TDW reaches the maximum duration

Sierra feels this should not be included as an “Event” for two reasons:
This should not be up to UE capability to handle this – it must be mandatory functionality for a UE which supports JCE 
Events should be reserved for dynamic events – this is not a dynamic event.

There are simple ways to handle the above error case such as:
1. UE sets TDW = max (signaled L, Maximum Duration)
2. If L>maximum Duration, the UE considers this an error case and does not accept L. 

#1 has the apparent advantage that the gNB doesn’t need to know UE capabilities of TDW but if gNB does not know this, it may think the UE is maintaining phase continuity longer than it actually is which will degrade performance.  #2 has the advantage of ensuring that the UE and gNB will not be out of sync on what TDW is set to and what UE will do. Given this, #2 is safest implementation.
TDW L shall not be signaled  > Maximum Duration.
Dynamic Signalling in DCI
The following agreement was made during the RAN1#105-e meeting:
· Joint channel estimation for PUSCH transmissions is enabled or disabled via RRC configuration for a UE
· FFS: whether additional dynamic signaling is needed to enable/disable joint channel estimation for PUSCH transmissions
· Note: the enabling of such a feature is subject to certain prerequisites
· FFS RRC parameter details (including explicit vs. implicit configuration)
· FFS For joint channel estimation for PUSCH, the time domain window is not explicitly enabled or disabled separately from joint channel estimation.
Note: Enabling/disabling of joint channel estimation for PUSCH transmissions means enabling/disabling of DMRS bundling for PUSCH transmissions under the condition of power consistency and phase continuity.

With the following FFS being a key open issue for discussion:
· FFS: whether additional dynamic signaling is needed to enable/disable joint channel estimation for PUSCH transmissions

When the UE maintains UL phase continuity, other degradations in performance will occur. For example, when the UE maintains the UL phase continuity by not adjusting UL power, this may cause degradation to the UL or unnecessarily increase interference in the system. Another example, when the UE maintains the UL phase continuity by not adjusting timing, this may cause degradation to the DL performance (for the paired spectrum case).  Given these degradations, it is important that the UE only maintain UL phase continuity when the gNB will be performing JCE.  However, a gNB will very dynamically decide when it is effective or not to use JCE as this will be channel dependent (e.g. at high dopplers, JCE should not be used) or frequency offset dependent. Given when to use JCE is dynamic in nature, a dynamic mechanism to signal its use is needed.  
The DCI shall signal, either implicitly or explicitly, whether the UE shall maintain UL phase continuity (i.e. DMRS bundling) for that PUSCH allocation.
Coherent transmission indication
These are the captured scenarios from the FLS, where UEs may lose transmission coherence (cannot perform DM-RS bundling) during the time domain window where gNB is not aware of it.
1. transmission power drop due to dynamic power sharing of DC
2. transmission is dropped due to uplink collision of CA/DC
3. UE operates fine timing tracking to adjust FFT boundary when UE receive DL signal
4. autonomous timing adjustment
5. open loop power control
6. large temperature variations

The below items should not be listed as they will not occur during the TDW given the agreements on TDW, TPC, and timing adjustment already made:
3.	UE operates fine timing tracking to adjust FFT boundary when UE receive DL signal
4.	autonomous timing adjustment
5.	open loop power control

“6. large temperature variations”
Large temperature swings should not occur frequently especially within the time of a single transmission (e.g. max 32ms) thus this problem seems very rare. Since such a situation would be rare, the performance degradation would be small. If such a situation did occur, the UE could use RRC signalling to indicate it temporarily doesn’t support DMRS bundling. 

WRT:
1.    transmission power drop due to dynamic power sharing of DC
2.	transmission is dropped due to uplink collision of CA/DC
Simultaneous transmission is not useful for coverage enhancements because the transmitted power needs to be split and thus coverage performance gets worse.  The network should for the most part be able avoid these through scheduling. If not, the gNB should know when this collision occurs and thus could instruct the UE it doesn’t need to perform DMRS bundling for that allocation (e.g. via DCI).

Given the above the proposal is made:
Dynamic coherent transmission indication by the UE is not supported in Rel 17.
TPC Commands
The following agreement to down-select was made last meeting:
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.

Given the TDW WA, it is difficult to understand how Alt1 could work well as the TDWs are essentially back-to-back during a PUSCH transmission thus the TPC commands would have to be sent between PUSCH transmissions which could be a long time. With Alt 2, the gNB can send the TPC command at any time, where the UE then implements or applies the change between TDW’s. 

For TPC commands, chose Alt 2 “UE receives and accumulates TPC commands without taking effect during the current time domain window.”
 
Conclusions
1. Use case 5: PUSCH transmissions across non-consecutive slots, is not supported in Rel 17.
1. TDW L shall not be signaled  > Maximum Duration.
1. The DCI shall signal, either implicitly or explicitly, whether the UE shall maintain UL phase continuity (i.e. DMRS bundling) for that PUSCH allocation.
1. Dynamic coherent transmission indication by the UE is not supported in Rel 17.
1. For TPC commands, chose Alt 2 “UE receives and accumulates TPC commands without taking effect during the current time domain window.”
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