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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In previous RAN1#106 e-meeting [1], the following agreements about joint channel estimation for PUSCH were achieved, and the working assumption on TDW was also achieved. 
	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 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.
· 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.



[bookmark: OLE_LINK3]In this contribution, we will discuss the remaining issues on the mechanism of enabling joint channel estimation.
2. Consideration on use case for joint channel estimation
According to the latest agreement from RAN4, 13-symbol for un-scheduled transmission gap is the maximum length for UE to maintain the power consistent and phase continuity, and RAN4 would not discuss the case with 14-symbol or 1ms transmission gap anymore. That means, transmission gap with more than 13 un-scheduled symbols or with other transmission in the middle of two PUSCH transmission should not be considered as valuable use cases for joint channel estimation. Obviously, use case 5 (PUSCH transmissions across non-consecutive slots) for joint channel estimation should not be considered anymore. 
Proposal 1: Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.
If the gap between two PUSCH transmissions is less than 13 symbols, use case 4b (non-back-to-back PUSCH transmissions across consecutive slots with other uplink transmissions in the middle of two PUSCH transmissions) could be a candidate case for joint channel estimation. However, in order to support use case 4b for joint channel estimation, the same settings need to be aligned between the adjacent PUSCH transmissions and the other PUSCH transmission, which at least include the same MCS/RB allocation/precoding/UL transmission power. And some other spec procedures could be also impacted, e.g., open loop power control. These prerequisites for use case 4b would result in significant additional specification impact and scheduling restrictions for gNB, especially for different uplink transmissions (for example, PUSCH vs PUCCH). Thus, use case 4b for joint channel estimation should not be supported in Rel-17.  
Proposal 2: Joint channel estimation over non-back-to-back PUSCH transmissions across consecutive slots with other uplink transmissions in the middle of two PUSCH transmissions is not supported in Rel-17. 

3. Discussion on details of time domain window
In last e-meeting, there is a consensus on the working assumption of TDW as listed above, here we would further discuss some FFS on TDW determination. 
3.1. Discussion on the configured window length L 
[bookmark: OLE_LINK1][bookmark: OLE_LINK6]Whether the configured window length L can be longer than the maximum duration has been discussed extensively. When L is much longer than the maximum duration, misalignment on actual TDW between gNB and UE could happen if events are triggered by dynamic signalling and the dynamic signalling is miss detected, error propagation could be raised, as depicted in Figure 1. 

Figure 1. Example of error propagation
Once the actual window reaches the end of current configured window or encounters another event which is aligned between gNB and UE, the error propagation naturally terminates. That means, the error propagation only affects the subsequent actual windows until the aligned event or the end of current configured window. 
It is worth noting that the error propagation also depends on the UE capability of restarting DMRS bundling due to dynamic signalling triggered events. If the window length L is less than the maximum duration and UE is not capable of restarting DM-RS bundling, no new actual TDW is created until the end of the configured TDW. That is, if UE misses the dynamic signalling violating the condition for JCE, UE would continue the current window until another aligned event or the end of the configured window. However, no matter whether UE misses the dynamic signalling or not, gNB always assumes the event takes effect, which makes no difference on detection performance. Thus, the impact of error propagation could be negligible. 
[bookmark: _GoBack]In summary, when L is much longer than the maximum duration and UE is capable of restarting DMRS bundling, once UE misses dynamic signalling, there would be the remarkable error propagation. In order to avoid this error propagation, the simplest way is to ensure that the configured window length L is no longer than the maximum duration. 
Proposal 3: The configured TDW length L can not be longer than the maximum duration capability reported by UE.
Another issue is whether the window length L is configured per UL BWP or not. Considering the commonality of TDW between PUSCH and PUCCH, if the window length L is configured per BWP, that means the same window length has to be used, which limits the flexibility in practical deployment. The supported maximum repetition number is different between PUSCH repetition and PUCCH repetition. In addition, the configured window length may have impacts on the frequency hopping interval with inter-slot bundling, the desired frequency hopping interval could be different for PUSCH FH and PUCCH FH. In summary, it could be hard for gNB to configure a suitable window length per BWP for both PUSCH and PUCCH and may lead to frequent RRC reconfiguration. Thus, the window length L should be configured per channel/signal. 
Proposal 4: Support to configure L separately for PUSCH and PUCCH. 

3.2. Discussion on consecutive and non-consecutive configured window
The difference between consecutive and non-consecutive configured windows is how the configured windows other than the first one are started. For non-consecutive configured windows, the latter windows should start from the first available slot/symbol after the event violating power consistency and phase continuity caused by semi-static configuration. Thus, non-consecutive configured windows can be implicitly determined based on semi-static configuration. 
Furthermore, semi-static configuration, at least including semi-static DL/UL configuration, DL reception/monitoring occasion for unpaired spectrum, should be considered. 
Proposal 5: Support to implicitly determine the configuration of the latter configured windows except for the first one based on semi-static configuration, 
· the latter configured windows start from the first available slot/symbol after the previous configured window.
· semi-static configuration, at least including semi-static DL/UL configuration, DL reception/monitoring occasion for unpaired spectrum.

3.3. Consideration on events violating the condition for JCE
According to the previous sub-section, if the maximum value of L is the maximum duration, the events violating the conditions for JCE should preclude that the actual TDW reaches the maximum duration. Because an actual window is always within the configured window, and actual window reaches the end of configured window can be regarded as one of the events, considering actual window reaching maximum duration as an event violating the phase continuity is redundant.
Proposal 6:  If L>max Duration is not supported, actual TDW reaches the maximum duration is not considered as an event which violates power consistency and phase continuity
The main motivation to support frequency hopping interval with inter-slot bundling is to obtain the performance gain from joint channel estimation as much as possible. Hence, the transmission within a TDW should be mapped to the same frequency position as one frequency hop to fully take advantages of joint channel estimation. And the frequency hopping pattern should be determined based on the TDW pattern, e.g. the configured window, as discussed in section 4. Thus, the frequency hopping should not be considered as an event violating power consistency and phase continuity within a configured TDW.
Proposal 7: Frequency hopping is not considered as an event which violates power consistency and phase continuity within a configured TDW.
There are some other events which could violate power consistency and phase continuity for joint channel estimation. The first one is the transmission gap. According to the agreement from RAN4, 13-symbol for un-scheduled transmission gap is the maximum length for UE to maintain the power consistent and phase continuity. Apparently, if the gap for un-scheduled transmission is larger than 13 symbols, power consistency and phase continuity could not be maintained. Furthermore, if there is other uplink transmission within the transmission gap as described in Section 2, it is hard to maintain power consistency and phase continuity. There could be restrictive settings or scheduling on these other uplink transmissions. In general, transmission gap with other uplink transmissions could be regarded as an event violating power consistency and phase continuity. Another event is beam switching. According to the agreements about fe-MIMO PUSCH, the granularity of beam switching could be one slot/repetition or two slots/repetitions. Once beam switching is triggered, it is also hard to maintain power consistency and phase continuity. Thus, beam switching should be also considered as an event.
 Proposal 8: Consider the following events as the events violating power consistency and phase continuity,
· transmission gap more than 13 un-scheduled symbols
· transmission gap with other uplink transmissions
· beam switching
The unscheduled gap can be created by many factors, in addition to scheduling decision made by NW. For example, for repetition type B, invalid symbol pattern could determine the symbols invalid for current repetition transmission. UE may have no other transmission in the symbols indicated by invalid symbol pattern. Besides, for PUSCH repetition type B, an actual repetition with an orphan symbol is omitted. The omitted actual repetition would not be used to transmit other uplink transmission, which actually can be considered as transmission gap less than 13 un-scheduled symbols. Thus, in this case, power consistency and phase continuity can be maintained within the omitted actual repetition. 
However, if the total number of symbols without transmission. If the union set of symbols, including symbols not scheduled, symbols indicated as invalid by invalid symbol pattern, and orphan symbol created due to segmentation in repetition type B, is more than 13 symbols, the phase continuity cannot be maintained.
Proposal 9: For event that transmission gap more than 13 un-scheduled symbols, it can be created by
-  Symbols not scheduled by NW;
- Symbols indicated as invalid by invalid symbol pattern;
- The omitted orphan symbol in type-B PUSCH repetition;
- Combination of above symbols.

3.4. Consideration on UE capability of restarting DMRS bundling
Most of events violating power consistency and phase continuity captured in the working assumption are semi-static configuration or signalling. For example, as depicted in Figure 2, according to TDD UL/DL configuration, multiple configured TDWs can be determined. Actually, the occurrence of actual window determined by semi-static configuration is known at the gNB and UE prior to the first repetition. Thus, restarting this kind of actual windows caused by semi-static configuration should not be subject to UE capability. However, events due to dynamic signalling may not occur prior to the first repetition, restarting new actual TDW dynamically may need additional UE capability. Hence, the capability of restarting DMRS bundling is applicable only for dynamic events.

Figure 2. Examples of configured windows
 
Observation 1: Whether to restart a new actual window caused by semi-static configuration is not subject to UE capability of restarting DMRS bundling.
Proposal 10: UE capability of restarting DMRS bundling is applied only to dynamic events. 
4. Discussion on Inter-slot bundling frequency hopping
Inter-slot frequency hopping with inter-slot bundling has been discussed in previous e-meetings. The main motivation to design frequency hopping interval with inter-slot bundling is to obtain the performance gain from joint channel estimation as much as possible. That is, the same window should apply within the same frequency position for frequency hopping to fully realize the performance improvement from joint channel estimation. 
In current specification, frequency hopping pattern is determined based on the slot index for inter-slot hopping. The slot index can be regarded as the relatively static index, which ensures a pre-determined frequency hopping pattern. Although potential dynamic signalling causes some resources unavailable, there is no impact on the subsequent frequency hopping pattern, as shown in Figure 3. 

Figure 3. Examples of inter-slot frequency hopping pattern with unavailable resources

Figure 4. Examples of frequency hopping pattern with inter-slot bundling based on TDW
According to the working assumption, the actual window could be determined by events due to dynamic signalling. If the frequency hopping pattern is determined subject to the actual window, once UE misses the dynamic signalling, the misalignment on frequency hopping pattern between gNB and UE would occur. Furthermore, actual windows could be numerous with irregular intervals, which could lead to complicated and irregular FH pattern, and worse resource fragment. Similar to legacy mechanism, the frequency hopping pattern should depend on semi-static configuration, e.g. the configured windows, which guarantees the robustness, as depicted in Figure 4. 
Furthermore, the index of configured windows can be used to determine the hop index. And for the performance gain from joint channel estimation, the frequency hopping interval should equal the configured window length L.
Proposal 11: The pattern of inter-slot bundling frequency hopping should be determined based on the configured windows, which means:
· the index of configured windows determines the hop index
· the configured frequency hopping interval should equal the configured window length L.

5. Application of TA adjustment and TPC command
According to the agreements in last e-meeting, for the applicability of TPC during the current TDW, down-selection should be made 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.
As for Alt 1, this way could restrict the flexibility of NW indication. Based on current specification, the received TPC command is accumulated for a certain time, which means TPC command would not be immediately applied. Even though TPC is received during the current TDW, UE can accumulate TPC command and take effect after a certain time, e.g. repetition duration. Thus, Alt 2 is preferable.
Proposal 12: UE receives and accumulates TPC commands without taking effect during the current time domain window.
For the applicability of TA adjustment during the current TDW, there is a consensus that UE should not perform TA adjustment during the time domain window, but some FFS still need further discussion. Similar to TPC command, to maintain power consistency and phase continuity, UE could perform TA adjustment after the TDW even though UE receives TA command for TA adjustment during the current TDW.  
Proposal 13: UE performs TA adjustment after the current TDW if it receives TA command for TA adjustment during the current TDW.

6. Consideration on power consistency for high power UE
High power UE is introduced to achieve better performance for UL transmissions, and it could be enabled together with joint channel estimation to further improve the coverage. For high power UE, according to Section 6.2.1 in TS 38.101-1 [2], if the number of uplink symbols transmitted in a certain evaluation period exceeds the duty cycle, UE need to reduce the transmission power. 
	6.2.1	 UE maximum output power
If a UE supports a different power class than the default UE power class for the band and the supported power class enables the higher maximum output power than that of the default power class:
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than 50% (The exact evaluation period is no less than one radio frame); or
-	if the field of UE capability maxUplinkDutyCycle-PC2-FR1 is not absent and the percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or
-	if the IE P-Max as defined in TS 38.331 [7] is provided and set to the maximum output power of the default power class or lower;
-	shall apply all requirements for the default power class to the supported power class and set the configured transmitted power as specified in clause 6.2.4;
-	else if the IE P-Max as defined in TS 38.331 [7] is not provided or set to the higher value than the maximum output power of the default power class and the percentage of uplink symbols transmitted in a certain evaluation period is less than or equal to maxUplinkDutyCycle-PC2-FR1 as defined in TS 38.331; or
-	if the IE P-Max as defined in TS 38.331 [7] is not provided or set to the higher value than the maximum output power of the default power class and the percentage of uplink symbols transmitted in a certain evaluation period is less than or equal to 50% when maxUplinkDutyCycle-PC2-FR1 is absent. (The exact evaluation period is no less than one radio frame):
-	shall apply all requirements for the supported power class and set the configured transmitted power as specified in clause 6.2.4.


However, how the duty cycle is counted is not specified. That means, NW is not aware of the transmission power change for a high power UE once the duty cycle exceeds the threshold. For example, if joint channel estimation is enabled during PUSCH repetitions, UE is required to maintain the power consistency during the repetitions. However, due to high duty cycle of UL transmission, the high power UE has to adapt the lower transmission power to meet the requirements. Then the power consistency cannot be maintained, while the receiver is unaware of this situation. Thus, if joint channel estimation is enabled during the TDWs, a certain power class should be determined prior to the first PUSCH transmission. For example, the NW could estimate the duty cycle based on the worse case and indicate UE whether or not to change the power class. Furthermore, with the certain power class, NW could also provide the TPC command to further adjust the transmission power of UE. 

Figure 5. Example of power change at UE due to high duty cycle 
Observation 2: For high power UE, if the uplink duty cycle exceeds the threshold during the TDWs for joint channel estimation, and UE changes the transmission power, the power consistency across repetitions cannot be fulfilled.
Proposal 14: For high power UE, if joint channel estimation is enabled during the TDWs,  a certain power class should be determined prior to the first PUSCH transmission. 
7. Related RRC parameters
Based on the discussion in previous sections following RRC parameter should be introduced.
	Parameter Name
	RAN1 spec/ section
	Values range
	New R17 vs extension of R15/16
	Per (UE, cell, TRP, …)
	Broadcast/
dedicated
	Description
	RAN2 spec

	PUSCH-DMRS-Bundling
	38.214
	ENUMERATED {enabled, disable }
	New
	Per UE
	dedicated
	Enabling/disabling of DM-RS bundling and TDW for PUSCH
	38.331

	PUSCH-TimeDomainWindowLength
	38.214
	INTEGER(2,3, … , the maximum duration)
	New
	Per UE
	dedicated
	Length of a configured TDW in slots for DMRS bundling for PUSCH.
	38.331



8. Conclusion
In this contribution, we analyze and discuss the relevant mechanisms of enabling joint channel estimation, and have the following observations and proposals: 
Observation 1: Whether to restart a new actual window caused by semi-static configuration is not subject to UE capability of restarting DMRS bundling.
Observation 2: For high power UE, if the uplink duty cycle exceeds the threshold during the TDWs for joint channel estimation, and UE changes the transmission power, the power consistency across repetitions cannot be fulfilled.
Proposal 1: Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.
Proposal 2: Joint channel estimation over non-back-to-back PUSCH transmissions across consecutive slots with other uplink transmissions in the middle of two PUSCH transmissions is not supported in Rel-17. 
Proposal 3: The configured TDW length L can not be longer than the maximum duration capability reported by UE.
Proposal 4: Support to configure L separately for PUSCH and PUCCH. 
Proposal 5: Support to implicitly determine the configuration of the latter configured windows except for the first one based on semi-static configuration, 
· the latter configured windows start from the first available slot/symbol after the previous configured window.
· semi-static configuration, at least including semi-static DL/UL configuration, DL reception/monitoring occasion for unpaired spectrum.
Proposal 6:  If L>max Duration is not supported, actual TDW reaches the maximum duration is not considered as an event which violates power consistency and phase continuity
Proposal 7: Frequency hopping is not considered as an event which violates power consistency and phase continuity within a configured TDW.
Proposal 8: Consider the following events as the events violating power consistency and phase continuity,
· transmission gap more than 13 un-scheduled symbols
· transmission gap with other uplink transmissions
· beam switching
Proposal 9: For event that transmission gap more than 13 un-scheduled symbols, it can be created by
· Symbols not scheduled by NW;
· Symbols indicated as invalid by invalid symbol pattern;
· The omitted orphan symbol in type-B PUSCH repetition;
· Combination of above symbols.
Proposal 10: UE capability of restarting DMRS bundling is applied only to dynamic events. 
Proposal 11: The pattern of inter-slot bundling frequency hopping should be determined based on the configured windows, which means:
· the index of configured windows determines the hop index
· the configured frequency hopping interval should equal the configured window length L.
Proposal 12: UE receives and accumulates TPC commands without taking effect during the current time domain window.
Proposal 13: UE performs TA adjustment after the current TDW if it receives TA command for TA adjustment during the current TDW.
Proposal 14: For high power UE, if joint channel estimation is enabled during the TDWs,  a certain power class should be determined prior to the first PUSCH transmission. 
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