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Introduction
In the RAN1#106b-e meeting, the following conclusion, agreements, and working assumptions were made on joint channel estimation for PUSCH [1].
	Conclusion at RAN1#106b-e:
· Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.
Agreement at RAN1#106b-e:
Down-select one of the following options in this next meeting:
· Option 1: 
· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
· Option 1’: 
· The maximum value of window length L of the configured TDW should not exceed the maximum duration, which is reported as UE capability as the duration where UE is able to maintain power consistency and phase continuity subject to power consistency and phase continuity requirements.
· If L is not configured, the configured TDW length is equal to all repetitions
· If L is not configured, default behavior should be defined, e.g., the configured TDW length is equal to all repetitions
· Option 3’: 
· Whether the window length L of the configured TDW can be longer than maximum duration is subject to UE capability.
· If UE is capable of L being longer than maximum duration,
· The maximum value of the window length L of the configured TDW is the duration of all repetitions.
· FFS: whether L cannot be other values other than the duration of all repetitions, if it is longer than the maximum duration.
· If L is longer than the maximum duration, UE does not expect dynamic events.
· FFS: details of dynamic events
Working assumption at RAN1#106b-e:
Support Actual TDW Option 2b’:
· The start of the first actual TDW is the first available symbol (at least determined by TDRA table) in available slot for the first PUSCH transmission in an available slot within the configured TDW.
· The end of the actual TDW is
· the last available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot 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 available symbol (at least determined by TDRA table) in available slot for PUSCH transmission after the event violates power consistency and phase continuity, and the PUSCH transmission is in an available slot.
Agreement at RAN1#106b-e:
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 following
Working assumption at RAN1#104-e:
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 at RAN1#106b-e:
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 at RAN1#106b-e:
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.


In this contribution, we provide our views on joint channel estimation for PUSCH.
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Use cases for joint channel estimation
In the previous RAN1#106b-e meeting, it was agreed to support joint channel estimation over back-to-back PUSCH transmissions for TBoMS across consecutive slots (Use case 3) and joint channel estimation over non-back-to-back PUSCH transmissions for TBoMS across consecutive slots at least when there is no UL transmission between the two successive PUSCH transmissions (Use case 4a). Also, it was concluded that joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported (Use case 5). The use cases based on the previous agreements can be summarized as follows: 
· Use case 1: back-to-back PUSCH transmissions within one slot.
· PUSCH repetition type B.
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· PUSCH repetition type A.
· PUSCH repetition type B.
· TBoMS.
· Use case 4a: non-back-to-back PUSCH transmissions across consecutive slots when there is no UL transmission between the two successive PUSCH transmissions.
· PUSCH repetition type A.
· PUSCH repetition type B.
· TBoMS.
Further, remaining potential use cases for joint channel estimation can be listed as follows:
· Use case 3: back-to-back PUSCH transmissions across consecutive slots.
· PUSCH transmissions with different TBs
· Use case 4a: non-back-to-back PUSCH transmissions across consecutive slots when there is no UL transmission between the two successive PUSCH transmissions.
· PUSCH transmissions with different TBs.
· Use case 4b: non-back-to-back PUSCH transmissions across consecutive slots with other UL transmissions between the two successive PUSCH transmissions.
· PUSCH repetition type A.
· PUSCH repetition type B.
· PUSCH transmissions with different TBs.
· TBoMS.
For Use case 3, PUSCH transmissions with different TBs and TBoMS can be considered as follows.
· Regarding PUSCH transmissions with different TBs, it may cause scheduling restriction to assign the same MCS, RB allocation, and UL transmission power for joint channel estimation. Also, it is questionable that such a scheduling can be efficient for coverage limited UEs instead of utilizing two types of repetition, i.e., PUSCH repetition type A and B.
For Use case 4a, PUSCH transmissions with different TBs and TBoMS can be considered as follows.
· Regarding PUSCH transmissions with different TBs, we share the same view with Use case 3.
For Use case 4b, PUSCH repetition type A/B, PUSCH transmissions with different TBs, and TBoMS can be considered as follows.
· Regarding PUSCH repetition type A/B and TBoMS, it can be considered as valid use case according to the RAN4’s feedback [2] if same settings (same PAPR and average power, same PRB allocation, and same antenna port setting) between PUSCH transmission and other UL signal/channel are satisfied. However, it seems not beneficial to restrict such a scheduling between two different channels for being satisfying the condition to perform possibly joint channel estimation.
· Regarding PUSCH transmissions with different TBs, we share the same view with Use case 3.

Time domain window
At the RAN1#106b-e meeting, it was agreed to select one of three options (Option 1, Option 1’, and Option 3’) for the maximum value of configured TDW L in the RAN1#107-e meeting.
In RAN1#105-e meeting, the following was agreed to define the maximum duration [3].
	Agreement at the RAN1#105:
· 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


According to the note in the above agreement, the maximum duration is no less than the time domain window duration. If the maximum duration is reported by a UE, a gNB may not configure the value of L larger than the UE’s maximum duration. Therefore, the maximum value of L can be the maximum duration (i.e., Option 1 and Option 1’).
Between Option 1 and Option 1’, Option 1’ can be beneficial since Option 1’ includes the operation that L can be configured implicitly without additional signalling. With Option 1’, the default behaviour should be defined if L is not configured. In our view, a UE may implicitly determine L as the maximum duration during which UE is able to maintain power consistency and phase continuity if L is not configured. Thus, the maximum duration can be the default value for a UE to implicitly determine the value of L. The default value of L larger than the maximum duration is unnecessary since a UE can maintain power consistency and phase continuity during the maximum duration according to UE capability.
· Proposal 1: The maximum value of window length L of the configured TDW should not exceed the maximum duration. 
· If L is not configured, default value of L can be the maximum duration.
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Figure 1. Actual TDW determination if a collision occurs between DL reception/monitoring occasion and PUSCH.
In Figure 1, a UE can be dynamically indicated to transmit PUSCH with repetitions via DCI format 0_0, 0_1, or 0_2, and configured as L=3 and AvailableSlotCounting = ‘enable’ in DDSUU of TDD configuration. Also, the UE can be configured to receive a CSI-RS or a PDSCH or can be configured to monitor PDCCH on flexible symbols in S slot. Based on the current agreements, if a UE is capable of restarting DM-RS bundling, the start of the actual TDW#2 is the first available symbol after the event (DL reception/monitoring). Thus, the UE determines the actual TDW#2 as highlighted with ‘red’ color.
However, according to the TS38.213 [4], if a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot or a UE is configured to monitor PDCCH in a set of symbols of a slot and the UE detects a DCI format indicating to the UE to transmit PUSCH in at least one symbol in the set of the symbols, the UE cancels the CSI-RS reception in the set of symbols of the slot or cancels the PDSCH reception in the slot. Therefore, the UE transmits dynamically scheduled PUSCH in the set of symbols of the slot which overlaps with DL reception/monitoring. In this case, joint channel estimation cannot be guaranteed since the UE determines the actual TDW#2 as highlighted with ‘red’ color.
To address this issue, if a collision occurs between DL reception/monitoring occasion and dynamically scheduled PUSCH in the set of symbols of the slot within the configured TDW, the DL reception/monitoring can be considered as not the event to determine the start of the actual TDW. Thus, the UE determines the actual TDW#2 as highlighted with ‘blue’ color.
· Proposal 2: If a collision occurs between DL reception/monitoring occasion and dynamically scheduled PUSCH in the set of symbols of the slot within the configured TDW, the DL reception/monitoring can be considered as not the event to determine the start of the actual TDW.

Conclusion
In this contribution, we provided our views on joint channel estimation for PUSCH and the followings were proposed:
· Proposal 1: The maximum value of window length L of the configured TDW should not exceed the maximum duration. 
· If L is not configured, default value of L can be the maximum duration.
· Proposal 2: If a collision occurs between DL reception/monitoring occasion and dynamically scheduled PUSCH in the set of symbols of the slot within the configured TDW, the DL reception/monitoring can be considered as not the event to determine the start of the actual TDW.
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