[bookmark: OLE_LINK3][bookmark: _Ref133120545]3GPP TSG RAN WG1 #106bis-e	R1-2110002
e-Meeting, October 11th – 19th, 2021
Source:	Sharp
Title:	Joint channel estimation for multiple PUSCH transmission
Agenda Item:	8.8.1.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
Background
In RAN1#106-e meeting, several agreements were made for joint channel estimation for PUSCH. We discuss remaining details of UE procedure.
Time domain window (TDW)
At RAN1#106-e meeting, the following agreement was made for time domain window (TDW) [1].
	Working assumption:
For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, all the repetitions are covered by one or multiple consecutive/non-consecutive configured TDWs.
   Each configured TDW consists of one or multiple consecutive physical slots.
   The window length L of the configured TDW(s) can be explicitly configured with a single value and L is no longer than the maximum duration.
‐   FFS: The maximum value of L is the duration of all repetitions
‐   FFS: Solutions to error propagation issue if for L is longer than the maximum duration is to be discussed further.
‐   FFS: The window length L is configured per UL BWP
   The start of the first configured TDW is the first PUSCH transmission
‐   FFS: The first available slot/symbol, or the first physical slot/symbol for the first PUSCH transmission.
[bookmark: _Hlk82162962]   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.



In the above working assumption, several FFSs and issues are remaining as in the following.
· Configured TDW
· Issue #1: Whether the maximum value of the window length L can be larger than the maximum duration
· Issue #2: Where is the window length L configured?
· Issue #3: Whether the window length L is jointly configured with enabling/disabling of TDW/DMRS bundling
· Issue #4: Unit of the configured TDW
· Issue #5: Start of each configured TDW
· Actual TDW
· Issue #6: Events violating phase continuity and power consistency
· [bookmark: _Hlk82174822]Issue #7: Unit of the actual TDW
2.1 Configured TDW
In our view, the configured TDW (the window length L) can be used for a hopping bundle, precoder cycling, mitigating error propagation issue, and reference for UE adjustments.
For a high-speed UE, the gain of DMRS bundling may be limited. In that case, the gNB may configure the window length L with short length (e.g., 2 or 4 slots) such that spatial diversity (e.g., precoder cycling) can be exploited. On the other hand, for a low speed UE, the window length L can be set to longer to fully exploit DMRS bundling gain. Therefore, the window length L can be adapted to control spatial diversity by the gNB.
Observation 1: The window length L can be adapted to control spatial diversity by the gNB.
Additionally, for frequency hopping, the window length L should be used as the hopping bundle to reduce standardization efforts. For this, since one of first and second hops keeps within each configured TDW, the number of the occurred events that violate phase continuity and power consistency within the configured TDW can be reduced. Furthermore, according to Observation 1, the hopping bundle can be adapted depending on the UE condition.
Proposal 1: For frequency hopping, the window length L should be used as the hopping bundle.
Regarding the mitigating error propagation issue, we discuss in issue #1.
Issue #1: Whether the maximum value of the window length L can be larger than the maximum duration.
Note that the issue #1 occurs if the maximum duration is smaller than the maximum number of repetitions. In our view, if the maximum value of the window length L is larger than the maximum duration, the error propagation issue potentially increases.
In Figure 1, we show an example of error propagation issue if L is larger than the maximum duration. In the case (1), multiple actual TDWs are consecutive within the single configured TDW (details of the actual TDW are indicated in Section 2.2). On the other hand, in the case (2), the first actual TDW and the second actual TDW are non-consecutive. For this, boundaries between the actual TDWs (1) and (2) are not aligned. Besides, whether UE failed to detect the DCI scheduling the other UL cannot be identified at the gNB side and the gNB must assume both cases (1) and (2) to perform JCE. Consequently, DMRS bundling gain is degraded due to the mis-alignment of the actual TDWs. This ambiguity of the start of the actual TDW occurs due to DCI mis-detection and impacts subsequent actual TDWs because the actual TDW reaches the maximum duration within the configured TDW. Additionally, the reasons of the error propagation issue in Figure 1 are that the window length is large and the events violating phase continuity and power consistency frequently occur within the configured TDW. For these reasons, we think the window length L should not exceed the maximum duration and the events should not include the maximum duration.
Observation 2: The ambiguity of the start of the actual TDW occurs due to DCI mis-detection and impacts subsequent actual TDWs because the actual TDW reaches the maximum duration within the configured TDW.
Observation 3: The error propagation issue also depends on the number of the occurred events violating phase continuity and power consistency within the configured TDW.
Proposal 2: The window length L should not exceed the maximum duration and the events violating phase continuity and power consistency should not include the maximum duration.
Additionally, Proposal 1, which both the window length L and the hopping bundle are configured by a single parameter, can reduce the number of the occurred events within the configured TDW because the window length does not exceed the hopping bundle.


Figure 1: An example of error propagation issue if L is larger than the maximum duration in FDD operation.

Issue #2: Where is the window length L configured?
Currently, it is determined as FFS that the window length is configured per UL BWP and we support that. From perspective of unified design between PUSCH and PUCCH, we think “per UL BWP” is reasonable. As other idea, the window length L can be indicated by DCI but DCI overhead increases and high flexibility is not needed for the configured TDW.
Proposal 3: The window length L should be configured per UL BWP.
Issue #3: Whether the window length L is jointly configured with enabling/disabling of TDW/DMRS bundling
In RAN1#106-e meeting, the following agreement was made [1].
	Agreement
· 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.



In our view, the two RRC parameters for enabling/disabling of DMRS bundling and the window length L should be separately configured. This is because the window length L can be used for frequency hopping with DMRS bundling for achieving both bundling and hopping gain and it can be also used for frequency hopping without DMRS bundling for UE multiplexing.
Proposal 4: Two RRC parameters for enabling/disabling of DMRS bundling and the window length L should be separately configured. 
Issue #4: Unit of the configured TDW
In our view, it is reasonable that the unit of the configured TDW is slot. The finer unit of the configured TDW is not needed.
Proposal 5: The unit of the configured TDW should be slot.
Issue #5: Start of each configured TDW
In RAN1#106-e meeting, it was agreed the start of the first configured TDW is the first PUSCH transmission and the start of other configured TDWs can be implicitly determined prior to first repetition. For FDD operation, it is reasonable that the configured TDWs are consecutive. However, for TDD operation, there are two alternatives as the following:
· Alt 1: The configured TDWs for TDD operation are consecutive.
· Alt 2: The configured TDWs for TDD operation are implicitly determined based on semi-static DL/UL configuration.
We show an example of Alt 1 and Alt 2 in Figure 2. For Alt 1, since DL/UL configuration is not considered, consecutive two UL slots (last two UL slots in Figure 2) are potentially separated due to starting slot for PUSCH repetitions. This issue occurs when L = 2, 3, 4, 5, etc in Figure 2. However, this issue can be avoided by the end of the configured TDW to align with a periodicity (e.g., TDD pattern, UE adjustment periodicity). This is shown in Figure 3. 
According to Qualcomm [2], the UE typically performs some (periodic) adjustments such as frequency error correction, timing correction, RF calibration, antenna virtualization etc., at the slot boundary. To avoid the above issue, the configured TDW can align with the periodicity of UE adjustment if it doesn’t perform at boundary between consecutive UL slots. In a case that the configured TDW aligns with the periodicity, the window length L can be configured such that L  integer value is equal to the periodicity. 
On the other hand, for Alt 2, since the configured TDW always starts the UL slot for PUSCH transmission, the consecutive two UL slots are not separated unless large L is configured (e.g., L = 5 in Figure 2). However, Alt 2 has more specification impacts than Alt 1 due to determining available slots. For this reason, we support Alt 1. Alt 1 can reuse the conventional periodicity and it is simpler than checking available slots.



Figure 2: An example of Alt 1 and Alt 2 when the window length is 4.



Figure 3: An example of Alt 1 when the window length is 5.

Proposal 6: The configured TDWs for TDD operation should be consecutive.
Proposal 7: The configured TDW should end to align with periodicity (e.g., TDD pattern, UE adjustment periodicity).
2.2 Actual TDW
In our view, the UE always keeps phase continuity and power consistency within the actual TDW to perform DMRS bundling. Therefore, each actual window is ended until reaching the last PUSCH repetition or the events violating phase continuity and power consistency.
Issue #6: Events violating phase continuity and power consistency
In RAN1#106-e meeting, there are some event candidates as the following:
· (1) DL slot in TDD
· (2) Reaching the maximum duration
· (3) DL monitoring occasion in TDD
· (4) High priority transmission
· (5) Frequency hopping
· (6) Precoder cycling
We think (1) and (3) are needed based on RAN4 requirements (e.g., the maximum un-scheduled gap is 13-symbol). For (4), even if use case 4b (i.e., non-back-to-back PUSCH transmissions across consecutive slots and other uplink transmission in middle of two PUSCH transmissions) is supported, the high priority transmission with different settings (e.g., different RB allocations) violates phase continuity and power consistency.
For (6), if precoder for PUSCH repetitions should not be changed within at least the actual TDW by UE implementation because gNB cannot identify that. The UE should change precoder outside the actual TDW or at boundary between two actual TDWs. Namely, the events should not include precoder cycling. For (5), the window length L can be used as frequency hopping bundle (i.e., hopping interval) as shown in proposal 1. However, the UE can ignore that and perform intra-slot or inter-slot frequency hopping in Rel-15/16 to not reduce flexibility. For this reason, (5) is also needed. For (2), since the maximum value of the window length L should not be larger than the maximum duration as shown in proposal 2, it is not needed.
Additionally, dynamic SFI potentially violates phase continuity and power consistency in an example case that flexible slot is changed to DL slot by the dynamic SFI. Furthermore, CI should be also included in the events because un-scheduled gap potentially exceeds 13 symbols by CI.
Proposal 8: The events violating phase continuity and power consistency should include the following:
(1) DL slot in TDD
(2) Reaching the maximum duration
(3) DL monitoring in TDD
(4) High priority transmission
(5) Frequency hopping
(6) Precoder cycling
(7) Dynamic SFI
(8) CI
Issue #7: Unit of the actual TDW
The unit of the actual TDW should be symbol. This is un-scheduled gap is defined by symbol level, and in special slot, the actual TDW should not include DL symbols and flexible symbols for DL-to-UL switching (i.e., the actual TDW covers flexible symbols or UL symbols for PUSCH transmission).
Proposal 9: The unit of the actual TDW should be symbol.
Others
TPC command
For at least DG-PUSCH, when accumulation mode is configured, received TPC commands doesn’t lead to power change in repetitions because exact the same TPC accumulation is applied for the repetitions. Although power change may occur between repetitions (e.g., when the UE is scheduled with other PUSCH in other carrier), it is not the scope of the discussion. Therefore, if we focus on the issue of the TPC command, no special handling is necessary for DG-PUSCH with accumulation mode.
However, for CG-PUSCH, since power change between two PUSCH repetitions may occur, there are two alternatives were proposed in RAN1#106-e meeting as the following:
· Alt 1: UE is not expected to receive TPC commands that would take into effect after the start of a TDW.
· 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 TDW, UE accumulates TPC commands without taking effect during the current TDW.
First, Alt 1 + FFS supports power change within the configured TDW caused by the received TPC commands. However, it is unclear to us such a fine tuning on the power between repetitions is demanded from the scheduler perspective. On the other hand, the number of the events should be reduced as shown in Observation 3. Besides, at coverage edge, the UE’s transmission power is typically set to maximum value and we think frequent power change is unnecessary. For these reasons, we prefer to deprioritize the FFS in Alt.1.
For Alt 1, there is no spec change while the scheduler has to adjust transmission timing of TPC command such that the UE is not expected to receive the TPC command during the TDW. On the other hands, for Alt 2, the accumulation region change is necessary such that the TPC commands does not take effect during the actual TDW. As a solution, the transmission occasion  can be defined as the configured TDW. Note that  is changed per the transmission occasion  and it impacts BPRE if the transmission occasion  is defined as the actual TDW. We think both Alt 1 and Alt 2 are simple and reasonable.
Proposal 10: For CG-PUSCH repetitions, If UE receives TPC commands that would take into effect after the start of a TDW, UE should accumulate TPC commands without taking effect during the current TDW or UE should not be expected to receive TPC commands that would take into effect after the start of the TDW.
Proposal 11: For CG-PUSCH repetitions, the transmission occasion  should be defined as the configured TDW if UE receives TPC commands during the TDW and accumulates the TPC commands without taking effect during the current TDW.
TA adjustment
For TA adjustment, it can be considered whether UE is not expected to receive TA command to indicate TA adjustment during the TDW or UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.
For TA command, if the TA command is received, a slot applying the TA adjustment cannot be flexibly determined because the applied slot is subject to the minimum SCS among SCSs of configured BWPs. Therefore, it is difficult for scheduler that the UE is not expected to receive TA command to indicate TA adjustment during the actual TDW. That is, UE should perform TA adjustment after the actual TDW.
Proposal 12: UE should perform TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the configured TDW. 
Conclusion
In this contribution, we have the following proposal:
Observation 1: The window length L can be adapted to control spatial diversity by the gNB.
Observation 2: The ambiguity of the start of the actual TDW occurs due to DCI mis-detection and impacts subsequent actual TDWs because the actual TDW reaches the maximum duration within the configured TDW.
Observation 3: The error propagation issue also depends on the number of the occurred events violating phase continuity and power consistency within the configured TDW.
Proposal 1: For frequency hopping, the window length L should be used as the hopping bundle.
Proposal 2: The window length L should not exceed the maximum duration and the events violating phase continuity and power consistency should not include the maximum duration.
Proposal 3: The window length L should be configured per UL BWP.
Proposal 4: Two RRC parameters for enabling/disabling of DMRS bundling and the window length L should be separately configured. 
Proposal 5: The unit of the configured TDW should be slot.
Proposal 6: The configured TDWs for TDD operation should be consecutive.
Proposal 7: The configured TDW should end to align with periodicity (e.g., TDD pattern, UE adjustment periodicity).
Proposal 8: The events violating phase continuity and power consistency should include the following:
(1) DL slot in TDD
(2) Reaching the maximum duration
(3) DL monitoring in TDD
(4) High priority transmission
(5) Frequency hopping
(6) Precoder cycling
(7) Dynamic SFI
(8) CI
Proposal 9: The unit of the actual TDW should be symbol.
Proposal 10: For CG-PUSCH repetitions, If UE receives TPC commands that would take into effect after the start of a TDW, UE should accumulate TPC commands without taking effect during the current TDW or UE should not be expected to receive TPC commands that would take into effect after the start of the TDW.
Proposal 11: For CG-PUSCH repetitions, the transmission occasion  should be defined as the configured TDW if UE receives TPC commands during the TDW and accumulates the TPC commands without taking effect during the current TDW.
Proposal 12: UE should perform TA adjustment after the actual TDW if it receives any TA command indicating TA adjustment during the configured TDW. 
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