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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#106-e [1], several issues for joint channel estimation for PUSCH were discussed, and following agreements were made:
	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.
Conclusion
· Optimization of DMRS location in time domain for PUSCH is not considered for joint channel estimation in Rel-17.
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.
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.
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.
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 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.
· 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.


According to these agreements, this contribution continues to discuss the issues about time domain window (TDW) determination, inter-slot frequency hopping enhancement with DMRS bundling, transmit power control (TPC) command, and timing advance (TA) adjustment, etc.

2. Discussion on joint channel estimation for PUSCH coverage enhancement
2.1 TDW Determination
According to the WA given in RAN#106-e [1], there are two steps to determine TDWs: the first one is to determine configured TDWs in terms of a window length , and the second one is to determine actual TDWs from the configured TDWs, during which the power consistency and phase continuity should be maintained. For PUSCH repetition type A, the details of the TDW determination are given as follows.
· Step 1: Determination of configured TDWs
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 configured TDWs. Each configured TDW consists of one or multiple consecutive physical slots, which are determined prior to the first PUSCH repetition based on that:
· Window length :
· The maximum value of window length  should not exceed the maximum duration to avoid any error propagation issue as discussed in last meeting;
· The window length  could be configured per UL BWP by RRC, considering that the TDW is mainly used for PUSCH and PUCCH configured by PUSCH-Config and PUCCH-Config, respectively, per UL BWP in RRC;
· The start of each configured TDW:
· The start of the first configured TDW is the first available slot for the first PUSCH transmission;
· The start of other configured TDWs is the first available slot for the PUSCH transmission after the last configured TDW;
· The end of each configured TDW:
· The configured TDW ends at the last available symbol in the -th physical slot after the start of this configured TDW;
· The configured TDW ends at the last available symbol within a set of consecutive available slots started from the start of this configured TDW;
· Regarding the ending, the configured TDWs ended at the last available symbol is better than the last available slot. This is because the last symbol within a slot may be used to transmit a SRS which should not be covered by the configured TDWs;
· Note that the available slots are determined based on the DL/UL configuration as agreed in AI 8.8.1.1 [1].
For example, Fig. 1(a) demonstrates the determination of the configured TDWs for paired spectrum, where the repetition number is 16 and the window length  is 8. So there are two configured TDW across the repetitions and each one covers 8 slots.
Moreover, Fig. 1(b) demonstrates the determination of the configured TDWs for unpaired spectrum with DL/UL configuration DSUUU, where the repetition number is 12 and the window length is . Because the duration of consecutive available slots are less than the window length , the effective length of the configured TDW is the duration of consecutive available slots. So there are four configured TDWs across the repetitions and each configured TDW consists of three consecutive uplink slots.
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(a) Paired spectrum;
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(b) Unpaired spectrum;
Fig. 1 Determination of configured TDWs.

Proposal 1: For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, each configured TDW consists of one or multiple consecutive physical slots, which is determined prior to the first PUSCH repetition based on that:
· The window length  of the configured TDWs could be designed as follows:
· The maximum value of window length  should not exceed the maximum duration;
· The window length  is configured at per UL BWP in RRC;
· The start of the configured TDWs is designed as follows:
· The start of the first configured TDW is the first available slot for the first PUSCH transmission;
· The start of other configured TDWs is the first available slot for the PUSCH transmission after the last configured TDW;
· The end of the last configured TDWs could be designed as follows:
· The configured TDW ends at the last available symbol in the -th physical slot after the start of this configured TDW;
· The configured TDW ends at the last available symbol within a set of consecutive available slots started from the start of this configured TDW;
· Note that the available slots are determined based on the DL/UL configuration as agreed in AI 8.8.1.1.

· Step 2: Determination of actual TDWs
Within each configured TDW, one or multiple actual TDWs can be implicitly determined during which the power consistency and phase continuity should be maintained.
· The start of each actual TDW:
· The start of the first actual TDW is the first available slot for the first PUSCH transmission within the configured TDW;
· The start of other actual TDWs is the first available slot for the PUSCH transmission after the events within the configured TDW;
· The end of each actual TDW:
· The actual TDW ends at the last available symbol for the last PUSCH transmission within the configured TDW;
· The actual TDW ends at the last available symbol for the PUSCH transmission before the events are occurred;
· The events should be determined according to the conditions violating the power consistency and phase continuity agreed by RAN4.
For example, if there are other UL signals or channels (e.g., PUCCH with higher priority, etc.) with different transmitting powers, frequency domain resource allocations, and antenna ports across PUSCH repetitions, the power consistency and phase continuity will be broken. As shown in Fig. 2, the DL/UL configuration is DSUUU, the repetition number is 12, window length , and a PUCCH with higher priority is scheduled to transmit in the 4th slot, and then, the corresponding configured TDW is divided into two actual TDWs from this slot.
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Fig. 2 Determination of actual TDWs.

Proposal 2: Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
· The start of the actual TDWs could be designed as follows:
· The start of the first actual TDW is the first available slot for the first PUSCH transmission within the configured TDW;
· The start of other actual TDWs is the first available slot for the PUSCH transmission after the events within the configured TDW;
· The end of the actual TDWs could be designed as follows:
· The actual TDW ends at the last available symbol for the last PUSCH transmission within the configured TDW;
· The actual TDW ends at the last available symbol for the PUSCH transmission before the events are occurred;
· The events should be determined according to the conditions violating the power consistency and phase continuity agreed by RAN4.

The above discussion is based on the PUSCH repetition type A. In fact, it can also be used for TBoMS and PUSCH repetition type B. 
Proposal 3: The method of TDW determination should be supported for TBoMS and PUSCH repetition type B.

2.2 Inter-Slot Frequency Hopping Enhancement with DMRS Bundling
The interaction between the determinations of frequency hopping interval(s) and TDWs is discussed here. There are three options needed to be down-selected:
· Option 1: A UE determines the frequency hopping interval(s) at first. After the frequency hopping interval(s) are determined, the UE determines the TDWs.
· Option 2: A UE determines the actual TDWs at first. After the actual TDWs are determined, the UE determines the frequency hopping interval(s) and corresponding hop position for each hopping.
· Option 3: A UE determines the configured TDWs at first. After the configured TDWs are determined, the UE determines the frequency hopping interval(s) and corresponding hop position for each hopping.
Option 1 is demonstrated in Fig. 3 (a) with paired spectrum, where the repetition number is 16, the window length , the frequency hopping interval is 5 slots, and the events violating the power consistency and phase continuity are occurred on the 2nd and 13th slot. Due to the frequency hopping breaks the power consistency and phase continuity, it results in clutter actual TDWs if the window length  and the frequency hopping interval are under an inappropriate relation, thus decreasing the performance of joint channel estimation.
Option 2 is demonstrated in Fig. 3 (b), where the frequency is hopped across the actual TDWs, i.e., the frequency hopping interval equals to the length of the corresponding actual TDW. Considering the events violating the power consistency and phase continuity, the intervals of different frequency hops may be different. It will implicate the specification and implementation. Furthermore, it also has an issue of error propagation for frequency hopping if the events are not detected by UE. For example, if the DCI scheduling a PUCCH with higher priority transmitted on the 2nd slot is missed, there will be only one frequency hop for UE within the first configured TDW, but the gNB thinks there should be two frequency hops.
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(a) Option 1;
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(b) Option 2;
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(c) Option 3;
Fig. 3 Interaction between the determinations of frequency hopping interval and TDWs.
Option 3 is demonstrated in Fig. 3 (c), where the frequency is hopped across the configured TDWs, i.e., the frequency hopping interval equals to the length of the corresponding configured TDW. Because the configured TDWs are not determined by the events violating the power consistency and phase continuity, the interval of each frequency hop is the same. It thus achieves a better balance between frequency domain diversity gain and the joint channel estimation gain with low complexity. Therefore, option 3 is preferred.
Proposal 4: If inter-slot frequency hopping is configured with DMRS bundling, then the hopping does not occur within any configured TDW but only between two neighboring configured TDWs.

2.3 TPC Command
[bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK12][bookmark: OLE_LINK120][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK21]In order to maintain power consistency and phase continuity, the power adjustments need to be disabled during an actual TDW, which may include multiple transmission occasions. However, in Rel-15/Rel-16, the PUSCH power control is performed per transmission occasion. If the UE is not provided tpc-Accumulation,

[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9]is the PUSCH power control adjustment state  for active UL BWP  of carrier  of serving cell  and PUSCH transmission occasion , where
·  are the TPC command values indicated by DCI format 0_x or DCI format 2_2;
· [bookmark: OLE_LINK16] is a sum of TPC command values in a set  of TPC command values with cardinality  that the UE receives between  symbols before PUSCH transmission occasion  and  symbols before PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell  for PUSCH power control adjustment state , where  is the smallest integer for which  symbols before PUSCH transmission occasion  is earlier than  symbols before PUSCH transmission occasion .
[bookmark: OLE_LINK123]Considering continuous PUSCH transmission or PUSCH with repetitions, the reference transmission occasion  is the first one before the transmission occasion , i.e., . As shown in Fig. 4,  if joint channel estimation is disabled. However, to maintain power consistency during the time domain window, the TPC commands before the transmission occasion 4 is are lost and , which leads to inaccurate power control.
For the issue related to TPC commands, the following agreement is reached in RAN1-106e:
	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.


And during the RAN1-106e, the wording was further discussed and the proposal agreed by most companies is as follows:
	Proposal 10: 
· Make down-selection between the following two alternatives:
· [bookmark: OLE_LINK18]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
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]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.


For FDD or SUL, the TPC commands may be received in the corresponding downlink frequency band or in a downlink slot of the corresponding frequency band, and takes effect during a time domain window.
[bookmark: OLE_LINK17]For TDD, the PDCCH cannot be monitored during the time domain window, but there are still cases in which the TPC commands do not take effect at the starting of the TDW but will take effect for the duration of the TDW. For example, the TPC commands received between  symbols prior to a TDW and the starting of the TDW will not take effect at 1st transmission occasion of a TDW but in the 2nd transmission occasion. Therefore, the discussion about TPC commands also makes sense for TDD.
[bookmark: OLE_LINK13][bookmark: OLE_LINK77][bookmark: OLE_LINK76][bookmark: OLE_LINK11]When joint channel estimation is enabled, a larger window size means a longer adjustment period and convergence time of power control, which maybe lead to larger power control deviation. If the UE is not expected to receive TPC commands that would take into effect after the start of a time domain window, the step size of the TPC adjustment may not be sufficient when power adjustment is required after the TDW. If the TPC commands are delivered via multiple PDCCHs, it may not take effect at the starting of the TDW in time, especially for consecutive TDWs. Thus, to obtain appropriate transmit power for each time domain window, Alt 2 is preferred over Alt 1.
[bookmark: OLE_LINK22][bookmark: OLE_LINK24][bookmark: OLE_LINK80][bookmark: OLE_LINK81]Proposal 5: To obtain correct transmit power for each time domain window, Alt 2 is selected:
· 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.
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[bookmark: OLE_LINK23]Fig. 4 TPC commands Accumulation with/without joint channel estimation

2.4 TA Adjustment
According to the LS from RAN4 [4], TA adjustment should be avoided across the PUSCH transmissions, i.e., from start of first PUSCH transmission until the end of last PUSCH transmission, for joint channel estimation. In RAN1#106-e [1], there are three methods are proposed needed to be further discussed, as follows.
· Method 1: UE does not expect to receive TA command to indicate TA adjustment during the TDW;
· Method 2: UE ignores any TA command which indicates TA adjustment during the TDW;
· Method 3: UE performs TA adjustment after the TDW if it receives any TA command indicating TA adjustment during the TDW.
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 an event used to determine the actual TDWs. As shown in Fig. 5, 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. 5 Actual TDWs determination based on TA adjustment.

Proposal 6: TA adjustment should be performed timely and taken as an event for the determination of actual TDWs.

3. Conclusions 
In this contribution, we provide overview on possible RAN1 specification impact on joint channel estimation with following proposals:
Proposal 1: For joint channel estimation for PUSCH repetition type A of PUSCH repetitions of the same TB, each configured TDW consists of one or multiple consecutive physical slots, which is determined prior to the first PUSCH repetition based on that:
· The window length  of the configured TDWs could be designed as follows:
· The maximum value of window length  should not exceed the maximum duration;
· The window length  is configured at per UL BWP in RRC;
· The start of the configured TDWs is designed as follows:
· The start of the first configured TDW is the first available slot for the first PUSCH transmission;
· The start of other configured TDWs is the first available slot for the PUSCH transmission after the last configured TDW;
· The end of the last configured TDWs could be designed as follows:
· The configured TDW ends at the last available symbol in the -th physical slot after the start of this configured TDW;
· The configured TDW ends at the last available symbol within a set of consecutive available slots started from the start of this configured TDW;
· Note that the available slots are determined based on the DL/UL configuration as agreed in AI 8.8.1.1.
Proposal 2: Within one configured TDW, one or multiple actual TDWs can be implicitly determined:
· The start of the actual TDWs could be designed as follows:
· The start of the first actual TDW is the first available slot for the first PUSCH transmission within the configured TDW;
· The start of other actual TDWs is the first available slot for the PUSCH transmission after the events within the configured TDW;
· The end of the actual TDWs could be designed as follows:
· The actual TDW ends at the last available symbol for the last PUSCH transmission within the configured TDW;
· The actual TDW ends at the last available symbol for the PUSCH transmission before the events are occurred;
· The events should be determined according to the conditions violating the power consistency and phase continuity agreed by RAN4.
Proposal 3: The method of TDW determination should be supported for TBoMS and PUSCH repetition type B.
Proposal 4: If inter-slot frequency hopping is configured with DMRS bundling, then the hopping does not occur within any configured TDW but only between two neighboring configured TDWs.
Proposal 5: To obtain correct transmit power for each time domain window, Alt 2 is selected:
· 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.
Proposal 6: TA adjustment should be performed timely and taken as an event for the determination of actual TDWs.
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